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pipe,  and  height  a  perpendicular  from 
thence  to  the  top  of  the  water  :  and 
this  tljo*  the  pipes  /land  obliquely,  be 
irregularly  fhaped,  or  wider  in  fome 
parts  than  the  f aid  orifice.        p.  3  03 

8.  Paradox  VII. 

A  body  immerfed  in  a  fluid,  fuftains  a 
lateral  prejfure  therefrom  >  which  in- 
creafes  with  the  depth  whereto  it  is 
plunged.  307 

9.  Paradox  VIII. 

Water  wiB  as  well  depref,  ai  fupport  a 
body  ffecificaLy    lighter  than    itfelf. 

3  op 

10.  Paradox  IX. 
Notwithftanding  the  doShrine  of  prfitive 

levity,    an  oil,   lighter   than  water, 
may  be  kept  immerfed  in  that  fluid. 

310 

1 1 .  Paradox  X. 

The  afcent  and  flux  of  water  infiphons, 
are  explicable,  without  fuppofing  a 
Faga  vacui.  ib» 

12.  Paradox  XL 

The  moft  ponderous  body  we  know,  im* 
merfed  in  water  to  a  depth  exceeding 
that  of  twenty  times  its  own  thichtef\ 
will  floaty  if  it  be  there  fenced  from 
the  direSi  prejfure  of  the  incumbent 
fluid.  311 
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Hydroftatics  applied  to  ores,  and 
CO  the  Materia  medica. 

S  E  C  T.  I. 

l.T? Oi^/f,    their    mtdicinal   virtue 

X?    v)hence  ?  ?•  3^4 

1.  A  new  way  of  examining  them  hy 

droftaticaDy.  ib. 

i.  Its  foundation.  ib. 

4.  Examples  to  iHuftrate  the  doSirine. 

5.  Preliminary  otferuatims  with  regard 
to  fojftls.  ib. 

tf.  lo  diftittguifb  marcafites  from  me- 
talline ores.  317 

7.  DireEiions  to  find  the  befi  fiux^fow- 
ders  for  ores.  318 

8.  DireHions  relating  to  the  manage^ 
ment  of  the  hydroftatical  balance,     ib. 

9.  Tlhe  hydroftatical  balance  affiled  to 
oreSy  andfiift  to  gold- ore.  321 

xo.  AO  minerals  ft^uU  be  carefully  exa* 
mined y  and  tf  fonder ous^  hydroftati^ 
caVy.  323 

11.  fllw  to  examine  earths  or  f oft  fub- 
fiances^  hydroftaticaHy.  324 

1 2.  Coloured  fands  and  gravel.  ib> 
1$.  Ores  in  general,  and  that  of  lead  in 

f  articular,  325 

SECT.  II. 

14.  The  hydroftatical  balance  apflied  to 
the  Materia  medica  ;  and  firft  to 
the  Lapis  Hatmatites.  3 16 

15.  To  the  Lapis  Lazuli.  ib. 

16.  The  magnet.  327 
iT.Cahmm.  ib. 
li.  Red  coral.  ib. 
•19.  PearL  ib. 
ao.  Calculi  Humaoi.  3  28 

21.  Andbezj>ar.  ib. 

22.  7*he  hydroftatical  balance  wiB  diftinr 
guift)  between  bodies  of  the  fame  deno'- 
mination.  ib. 

23.  Between  genuine  ftimes  and  ccunter^ 
frit.  ib. 


24.  Afedjhw  the  gemtimmfs  and  pttritj 
rf  bodies*  P'i29 

2; .  This  method  of  examsmnion  affliei 
to  fluids  heavier  than  water,  and  un^ 
apt  to  mix  therewith  ;  for  inftance^  to 
mercury.  330 

26.  Tofowders  and  fragmems  of  bodies. 

27.  To  bodies  that  wiS  diffolve  Or  mix 
with  water.  332 

28.  Another  way  of  findit^  the  ffedfic 
gravity  ef fluids.  333 

29.  The  feveral  ufes  thereof.  334 
JO.  StiB  other  methods  for  the  fame  fur* 

fofe.  33<5 

3 1 .  The  ufe  and  advan  tages  of  weighing 

one  fluid  in  another.  337 

12.  AU  waters  nearly  of  the  fame  weight. 

338 

33.  To  difcover  the  magtiitttdes  (f  bodies 

hydroftaticaBy.  ib. 

34.  To  gain  the  folidity  if  a  body  hydro* 
ftaticaBy^  tho  lighter  than  water.  ^^^ 

3  5 .  IVhat  accuracy  is  to  be  exfeBed  in 
hydroftatical  exferiments.  342 

^e.A  table  of  the  ffedfic  gravities  if 
bodies  comfared  with  water.         344 

An  hydroftatical  difcourfe,  by 
way  of  anfwcr  to  the  objec- 
tions of  Dr.  More  and  others, 
againft  fome  explanations  of 
particular  experinMnts ;  with 
farther  confiderations  thereon. 

S  E  C  T.  L 

1,^^/iEchanical  fohttions  of  fheno* 
WX     ftt^tty  what  ?  347 

2.  That  the  uffer  farts  of  fluids  gra- 
vitate ufon  the  lower.  3  48 

3 .  Demon/hrated  by  exferimems.      3  j  o 

4.  Water  made  to  fuffort  a  body  if  a 
much  greater  ffecific  gravity  than  it-- 

M'  353 
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'  y .  7%e  cafe  rf  divers  with  regard  to 
the  prejiure  of  the  water  they  fufiain 
at  9r eat  depths.  P- 354 

6.  Vaft  preffures  of  a  fluid  fuftaind  by 
'weak  and  tender  bodies.  355 

7.  An  oBual  freffure  at  the  bottom  if 

thefea.  35  8 

S  E  C  T  II. 

8.  IVater  aShiaHy  weighed  in  water  by 
conmtm  fcaks.  3  60 

^.  7%e  relative  levity  of  bodies  under 

water.  3<52 

10.  St)ewn  by  experiments  which  over^ 

throw  the  doiirine  if  pojitive  levity. 

ib. 
J  I-  The  freffme  if  theatres  fpring  on 

bodies  under  water.  365 

12.  Mamfefled  by  experiments.  ib. 

xj.  Fluids  prefs  in  a  differ  em  manner 

fromfolids.  367 

14.  Whence  the  weight  of  the  atmcffhere 
is  not  prejudicial  to  the  bodies  of  ani- 
mals. 368 

15.  Experiments  to  iUufhrate  and  con-- 
firm  this  doShine.  3  70 

An  eflay-inftrumentjWherewith 
to  examine  if  coin  be  adulte- 
rate or  counterfeit. 

I.   \Neafy  method  of  determining 

^/V     ^*^  fpecific  gravities  of  fluids 

andfolids.  il% 

a.  Applied  to  the  examination  of  coin. 

37? 
3 » And  (dber  mixed  metals.  3  74 

A  ftatical  hygrofcope. 
S  E  C  T.  I. 

l.T  TAriwis  bodies  propofedj  to  difco^ 

V       vet  the  drynejs  and  moifture 

of  the  air.  375 

4.  A  fponge  made  choice  of.  376 

J.  And  turnd  imo  a  hygrofcope.       ib. 


XI 


4.  Experiments  and  obfervatioHs  made 
with  it.  p.  375 

5.  'The  ufe  of  hygrofcopes.  ib. 
5.  The  firfi  ufe  ^  the  Jflaticalhygrrfcope, 

to  fhew  the  different  variaticns  of 
weather  in  the  fame  month,  Jay,  and 
hour.  377 

7.  Afecond  ufe,  to  fhew  how  much  one 
year  andfeafon  is  dryer  oar  moifler  than 
another.  378 

8.  The  third  ufe,  to  difcover  and  compare 
the  changes  of  the  temperature  of  the 
air,  made  by  winds,  frofty^  fnovy,  and 
other  weather.  379 

9.  A  fourth  ufe,  to  compare  the  tempe-^ 
rature  of  different  houfes,  and  different 
rooms  in  the  fame  houfe.  3  80 

10.  A  fifth  ufe  to  obferve  in  a  chamber, 
the  effelis  of  the  prefence  or^abfence  of 
afire.  381 

1 1  •  Ti)e  fixth  ufe,  to  keep  a  chamber  in 
any  ajjign^d  degree  of  drynefs.        381 

S  E  C  T.  II. 

li.Jnftances  of  the  Power  of  the  air's 
mcifture  at  aHfeafons.  38a 

1 3 .  Upon  animal  fubftances.  ib* 

14.  Upon  vegetables.  3S3  . 
X  5.  And  alfo  upon  metals  and  minerals. 

1 6.  The  cord'hygrometer.  385 

Fire  and  flame    weigh'd  in  a . 

balance. 

S  E  C  T.  I. 

1.T7  Xperiments  to  fhew  that  flame 

"j    may  incorporate  with  folid  bo^ 

dies,  fo  as  to  increafe  their  weight  and 

bulk.  38» 

a.  That  fire  may  do  the  fame.        389 

3 .  Even  tho*  the  bodies  be  not  intme-^ 
diately  expofed  to  it.  3^2 

4.  And  alfo  after  they  have  been  cat* 
eimd.  ib. 

SECT^ 
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SECT.  II. 

y  Glafs  pervious  to  ponderous  parts  of 
flame.  P-  39^ 

6.  Corollaries  from  this  difcovery.    398 

7.  That  flame  may  aB  as  a  menjlruum^ 
and  make  coalitions  with  the  bodies  it 
a£ls  on.  ib. 

8.  That  calces  of  metals  i^e  the  ma^ 
gifteries  of  them,  ib. 

9.  The  effedi  of  fire  upon  bodies  in  clcfe 
glafjes^  not  wholly  owing  to  the  agita- 
tion of  the  glafs .  3  pp 

^o.  Particles  extremely  vclitile,  may,  by 
affociating  with  others,  quite  lofe  their 
volatility.  ib. 

Pneumatics. 

Phyfico- mechanical  experiments 
to  (hew  the  fpring  and  effects 
ofthe  air. 

S  E  C  T.  I. 

irX^HE  origm  of  the  air-pump. 
JL  407 

2.  The  air-pump  defcribed.  408 

3.  Some  p/jenofnena  ofthe  engine  folved. 

410 

4.  The  fpring  and  preffure  of  the  air 
explained.  410 

5.  Bladders  diflendedby   the  fpring  of 
the  air.  412 

6.  And  bwrfi  by  the  fame.  4 1 3 

7.  The  dilatation  of  airy  by  its  fpring, 
meaf tired.  414 

8.  The  flrengti)  of  ghfs,  and  the  ad- 
vantages of  figure  in  fufiaiuing  apref- 

fi^^*  41 5 

p  The  flame  of  tallow  and  wax  in 

vacuo.  417 

to.  Kindled  charcoal.  418 

1 1.  Red-hot  iron.  419 

1 2 .  Lighted  match.  \  b. 

13.  And  gun-pQwder  fired  in    vacuo. 

420 


14.  An  attempt  to  kindle  a  combuflible 
body,   by  the  funs  rays  in  vacuo. 

p.  421 

i^.An  excited  needle  in  vacuo  affe£ied 
by  the  magnet.  ib. 

16.  The  Torricellian  experiment  in 
vacuo.  42  2 

17.  Odd  phenomena  of  the  mercurial 
barometer.  423 

1 2.  A  like  experiment  made  with  water. 

425 

1  p.  fVhether  water  be  elaftic.  ib. 

20.  Whether  air  may  be  generated  or 
tranfmuted.  429 

2 1 .  The  air  concealed  in  oil.  43  3 
21.  Oil  of  turpentine,  oil  of  tartar,  fpirit 

of  vinegar,  red  wine^  milk,  fpirit  of 
urine  and  of  wine.  43  4 

23.  The  gravity  of  air  expanded  under 
water.  43  y 

24.  A  pendulum  made  to  fwing  in  va- 
cuo. 437 

2ji .  A  watch  and  a  beUin  the  exhaufied 
receiver.  438. 

26,  A  fuming  liquor  in  the  receiver. 

27.  Smoke  in  vacuo.  ib. 

25.  The  cohefion  rf  polifbed  marbles  in 
vacuo.  440 

2  p.  An  ereCl  preffure  exercifed  by  the  at- 

mo fp  here.  441 

io.The preffure  ofthe  atmofphere  cwif 

pitted.  442 

3 1.  The  nature  offuBion.  443 

3 1.  And  vacuity.  444 

3  3  Bodies  of  different  fpecific  gravities 

lofe  their  equHibrium  in  vacuo.  445 
34.  The  afcem  of  liquors  in  fiphons,  and 

filtresj  xvhence.  445 

3  5 .  Their  afcent  in  capillary  tubes.  447 
^6.  A  parcel  of  air  -weighed.  448 

37.  IVhether  glafs  be  perviom  to  air. 

449 

38.  Tte penetrating  Power  of  air^  €om^ 

pared  with  that  of  water.  4  j  o 
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3  9.  7%e  proportion  of  the  vieight  of  air 
to  that  of  water.  p.  45  ^ 

40.  Tie  height  of  the  atmofphere  com' 
futid.  45  3 

^i.  Odd  phenomena  of  light  produced  in 
the  receiver  (f  the  air-pump.        455 

42.  fVater  made  to  freez^e  in  vacuo. 

459 

43.  A  witerHhermometer  in  vacuo,  ib. 

44.  JnfeEis  in  vacuo.  4^0 

45.  Birds  and  mice  in  the  exhaufied  re* 
ceiver.  461 

46.  The  nature  ofrefpiration  conjider^d. 

461 

47.  Whether  the  aBion  of  menflruums 
depends  upon  the  prejfure  of  the  air. 

^  47» 

48.  The  ebullition  of  warm  liquors  in 

vacuo.  47  J 

SECT.  IL 
49*  The   air-pump  farther  improved. 

474 

50.  Mercury  raifed  by  the  fpring  of  a 

Uttk  included  air.  47  5 

5 1.  Much  included  air  raifes  merctery  but 
tothe  ufualftandardof  the  karometer. 

5  a.  The  fpring  of  included  air  raifes 
mercury  nearly  to  an  equal  height  in 
unequal  tubes.  477 

^l*  A  fountain  made  by  the  fpring  of 
WM/mpreffed  air.  ib. 

54.  Flat  glaffes  broke  by  the  weight  of 
the  atmofphere^  without  the  afjiftance 
if  a  Fuga  vacui.  479 

5  5.  Blenm  bladders  burji  by  the  fpring  of 
the  air  included  in  them.  ib. 

f  ^.  A  confiderable  weight  lifted  by  the 
bare  fpring  of  a  little  air  included  in 
a  bladder.  480 

57.  Glafs'bubbles  broke  by  the  fpring  of 
their  own  air.  48 1 

58.  Tie  external  force  of  the  fpring  of 

uncompreffed  air  upon  folid  Mies. 

ib. 
V0L.U. 


59.  Mercury  rifes  no  higher  by  fuSlion^ 
than  the  weight  of  the  atmofphere  im^ 
pels  it.  p.  483 

60.  Liquors  afcend  to  different  heights^ 
byfuHioUy  according  to  their  fpedfic 
gravities.  484 

61.  The  heights  whereto  water  and  mer- 
cury  may  be  raifed  by  the  fpring  of  the 
air,  and  the  heights  whereto  they  will 
fubfide  upon  withdrawing  it.         485 

6i.  The  greateft  height  whereto  water 
can  be  raifed  by  attra£iion  or  fucking-^ 
pumps.  486 

63.  An  elafiic  body  bent  in  the  exhaufied 
receiver.  487 

6^  To  make  gages  for  efUmatit^howfat 
the  receiver  is  exhaufied.  488 

(55.  An  eafy  way  to  make  the  preffure  of 
the  airfenfible  to  the  touch.  490 

66*  Mercury  fubfiding  in  the  Torricel- 
lian tube  to  a  level  with  thefiagnam^ 
by  extracting  the  air.  ib. 

61  •  InfmaUmd  large  openti$bes^  when 
no  Fuga  vacui  can  be  pretended^  the 
weight  of  water  raifes  quick- filver  to 
an  equal  height.  491 

6%.  The  height  whereat  pure  mercury^ 
and  mercury  amalgamated  with  tin, 
wiU  fiand  in  barometers.  492 

6p.  To  make  portable  barometers.       ib. 

70.  Mercury  in  a  barometer,  will  be  kept 
fufpended  higher  at  the  bottom  than  at 
the  top  of  a  hill.  494 

71.  Tie  weight  of  the  air  wiBfuftain  the 
mercury  in  the  barometer,  tho*  it  prffs 
thereon  but  at  a  very  fmatt  orifice,  ib* 

72.  Both  an  oblique  prejfure  of  the  atmih 
fphere,  and  the  fpring  of  a  little  in^ 
eluded  air,  will  fujlain  the  mercury 
in  the  barometer.  ib. 

73.  To  make  a  barometer  ufeful  but'  at 
certain  times.  495 

74.  The  of  cent  of  liquors  in  very  /lender 
tubes  in  vacuo.  495 
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75.  AfpcntantOHS  of  cent  cf  water  in  a 
ttibefill'dwith  a  compaB  body.  p. 496 

76.  'The  fpcntaneous  of  cent  offaks  along 
the  fides  ofghjfes.  497 

77.  7i  efiimate  the  gravity  of  cylinders 
of  the  atmofphere  in  known  weights. 


^  499 

78.  T'he  attraBive  virtue  if  the  lead- 

ft  one  in  an  txhaufted  receiver.         ib. 

79.  The  prejfure  ef  the  external  air  be* 
ing  taken  cff^  the  fucker  of  afyringe  is 
eafily  drawn  up,  tho"  the  lower  orifice 
be  ftoPt.  J  00 

80.  Ajyringe  caufing  the  fnjfure  of  the 
air   to  raife  a  confiderable    weight. 

501 

8 1.  T%e  afcent  of  liquors  infyringes  owing 
to  the  prejfure  of  the  air.  ib. 

Sx,  The  adhefion  of  cupping-glajfes  de^ 
pends  upon  the  prejfure  of  the  air. 

yyo2 

*3  •  ^  P^^^  weight  raifed  by  a  cupping-- 
glafs  without  heat.  ib. 

84.  Bellcwf  with  the  noje  /hpp'd^  open 
ofthemfelvefj  when  the  prejfure  of 
the  air  is  taken  off.  503 

2^.  An  attempt  to  examine  thehypothefis 
of  other  as  to  its  exifience.  5  04 

%6.  A  light  body  falling  in  the  exhaufted 
receiver.  508 

87.  The  propagation  of  founds  in  the  fx- 
haufted  receiver.  ib. 

88.  Aglafs'drop  broke  in  t/je  exhaufted 
receiver.  510 

8p.  Light  produced  in  the  exhaufted  re- 
ceiver.  —     ^      ib. 

90.  A  kind  of  haloy  and  colours,  produ- 
ced in  the  exhaufted  receiver.        511 

f  I.  Heat  produced  by  attrition  in  the  ex- 
haufled  receiver.  ib. 

fi.  Q/tick-lime  flaked  in  the  exhaufted 
receiver.  512 

^3.  An  attempt  to  meafure  the  force  of 
thefpring  cf  included  air.  513 

94.  An  eafy  way  of  making  a  f mall  quan* 
iity  of  air  raife  a  great  weight.     514 


95.  Tojhew  the  weight  oj  air  to  that  of 
water.  p.  JIJ 

95.  Twomarblesftrongly  joined  together, 

feparated  by  withdrawing  tlje  air  from 

them.  515 

97.  Tl)at  it  is  dijpcuk  to  produce  flame 
withota  air,  Jbevm  by  an  attempt  t& 
kindle  fulphur  in  vacuo.  517 

98.  The  efficacy  of  air  in  the  produEiion 
of  flame.  y  1 8 

^^.  An  attempt   to  fire  gun-powder  in 

vacuo  by  the  fun^s  rays,  a  hot  iron,  a 

heated  glafsj   emptied  of  air,    and 

fparks  of  fire  in  vacuo.       5 18, 3  ip 

100.  Two  ways  of  making  Aurum  ful- 
minans  go  off  in  vacuo.  519 

loi.  Flame  difficultly  preferved  without 
air  in  fulphur.  ib. 

102.  ^  durable  flame  of  a  metalline 
fubftance  in  vacuo.  520 

103.  The , flame  ofjpirit  of  wine  im^ 
fregnated  with  a  metal  in  vacuo.    \b. 

1 04.  Flame  preferved  under  water.   521 
lof .  An  odd  phenomenon  of  the  flame  of 

a  metal  in  vacuo.  ib. 

106.  AShal  flame  propagated  with  difji* 
culty  \n  vsLCVLO.  522 

107.  An  attempt  to  make  flame  kindle 
camphire  without  the  help  of  air.  ib. 

108.  Gunpowder,  tho' fired  itfelf,  fires 
not  the  contiguous  grains  in  vacua 

109.  Two  different  trials,  with  dif- 
ferent events,  to  kindle  gun-powder  in 
vacuo.  524 

no.  Experiments  fbewing  the  relation 
betwixt  air  and  the  Flamma  vicalis 
of  animals.  ib. 

HI.  Ttje  duration  of  a  bird's  life  eom^ 
pared  with  the  duration  of  a  burning 
coal  and  candle  in  vacuo.  52; 

112.  Glow- worms  and  their  luminous 
matter  in  vacuo.  525 

113.  Animals  weighed  before  death  and 
after.  527 
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z  14.  Experimtms  tojbea  the  natun  tf 
refpiraticu  made  ufon  ducks,    p. ;  17 
X15.  Upon  vipers.  jfsS 

1 1 5.  Frogs.  yip 

117.  Kitlings.  530 

118.  Experiments  upon  the  air  ufually 
barhured  in  the  pores  (f  water,  Sec 

1 19.  AJbeH-j^  in  an  exhaufied  receiver. 

533 

120.  Afcale^Jifh  in  an  exhaufied  re* 

ceiver.  ib. 

121.  Tv3o  animals,  with  large  vjounds 
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T  I  1 


IS  often  thought  that  a  divcrfity  of  colours  conftantly  argues  att  PfwdK^^  «f  •^ 
equal  diverfity  in  the  nature  of  the  bodies  wherein  they  re-j[J!]^|JJ*^  * 
fide  :  but  I  cannot  wholly  give  into  tlus  opinion.    For  not  to 


_  mention  chan^able  taf&ties,  the  blue  and  golden  feathers  on 

the  necks  of  pigeons^  and  fevend  water-fowl^  natural  and  artificial  rain- 
bows^ iXc.  the  colours  whereof  philofbphers  call  not  real,  but  apparent  ; 
we  fee  that  the  contiguous  feathers  in  various  birds  are  fome  of  them  red, 
others  white,  blue,  yellow,  (STc  and  that  in  feveral  parts  of  the  fame 
feather  there  is  frequently  the  greateft  difoarity  of  colours :  fo  in  tulips, 
july-flowers,  and  other  vegetables,  even  feveral  pans  of  the  very  fame 
leaf  are  frequently  found  of  difierent  dyes  ;  tho*  no  difierence  is  obferved 
in  their  other  properties.    And  fuch  a  variety  we  have  much  more  remar- 
kably in  the  marvel  of  Peru ;  for  of  the  great  profufion  of  fine  flowers 
which  that  gaudy  plant  afibrds,  I  have  fcarce  obferved  any  two  dyed  per- 
fe&ly  alike.    But  tho'  fiich  particulars  keep  me  from  amrming,    that  a 
diverfity  of  colours  always  denotes  fome  great  difference  in  bodies^  ywthat 
it  often  fignihes  confiderable  alterations  in  the  difpofition  of  thp\y  parts^ 
appears  from  the  extra^ion  of  tinftures,  wherein  the  change:at  colour  is 
the  chief,  and  fometimes  the  only  thing  by  which  the  artiC 'Mgulates  his 
procedure  in  thdr  preparation.    Inftances  of  this  are  al^vObVious  in  feve- 
ral forts  of  fruit,  wherein  according  as  the  vegetable^p  is  ripened,  by 
paffing  from  one  degree  of  maturauon  to  anotneij^  t#B  external  part  of 
Voi.II.  B  ■  r  ^      ■  the 
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Physics,  the  fruit  changes  from  one  colour  to  another.  A  lefs  obvious  inftance 
^  *  of  this  kind  is  afforded  us  by  the  method  of  tempering  fteel  for  gravers, 
drills,  fprings,  tfc  which  is  this.  Firft,  the  fteel  to  be  tempered  is  har-- 
dened,  by  heating  it  in  glowing  coals,  and  not  quenched  as  loon  as  taken 
from  the  fire,  but  held  over  a  bafbn  of  water  till  it  defcend  from  a  white 
heat  to  a  red  one ;  when  'tis  immediately  quenched  in  cold  water.  The 
fteel  thus  hardened  will,  if  it  be  good,  look  whitifh ;  and  being  brigh- 
tened at  the  end,  and  held  in  the  flame  of  a  candle,  that  the  bright  end 
may  lie  about  half  an  inch  diftant  from  the  flame,  it  will  fwiftly  oafs  from 
colour  to  another,  as  from  a  bright  yellow  to  a  deeper  and  reddifli 
3w,  from  that  to  a  fainter  firft,  and  then  to  a  deeper  blue  ;  each  of 
^hich  fucceeding  colours  argues  fuch  a  change  made  in  the  texture  of  the 
fteel,  that  if  it  be  taken  from  the  flame,  and  immediately  quenched  in  tal- 
low, whilft  it  is  yellow,  it  will  be  of  fuch  a  hardnefs  as  fits  it  for  drills  ; 
&i:.  but  if  kept  lor  a  few  minutes  longer  in  the  flame,  till  it  turns  blue,  it 
becomes  much  fofter  and  proper  to  make  fprings  for  watches ;  which  are 
therefore  commonly  of  that  colour  j  laftly,  if  you  keep  the  fteel  in  the  flame 
niter  the  deep  blue  has  appeared,  it  will  grow  too  foft  even  for  penknives. 
Any  perlbn  may  eafily  fatisfy  himfelf  of  the  different  hardnefs  of  fteel  of 
different  colours,  either  by  the  file,  or  by  breaking  fome  flender  wires  thus 
tempered,  and  obferving  how  they  vary  in  point  of  brittlenefs. 

But  before  we  defcend  to  a  more  particular  confideration  of  our  fub- 
jeft,  'tis  proper  to  obferve,  that  colours  may  be  regarded  either  as  a  qua- 
lity refiding  m  bodies  to  modify  li^ht  after  a  particular  manner,  or  elfe 
as  light  itfelf  fo  modified  as  to  ftnke  upon  the  organ  of  fight,  and  caufe 
the  fenfation  we  call  colour  ;  and  that  this  latter  is  the  more  proper  ac- 
.  ceptation  of  the  word  colour,  will  appear  hereafter.  And  indeed  it  is  the 
light  itfelf,  which  after  a  certain  manner,  either  mixed  with  fliades,  or 
otherwife,  ftrikes  our  eyes,  and  immediately  produces  that  motion  in  the 
organ  wliich  gives  us  the  colour  of  an  objed.    *  Yet  becaufe  there  is  in  the 


<Uwr>tnJhitf 


*  The  words  of  Sir  Ifaac  Newtw  excel- 
lently clear  and  illuflrAte  this  miitter. 
^*  Tne  homogeneal  light  and  mys  (fays 
~  that  great  philofopher)  which  appear 
red,  or  rather  maKC  objeQs  appear  fo, 
I  call  rubrific,  or  red-making  ;  thofe 
which  make  obje&s  appear  yellow, 
green,  blue,  and  violet,  I  call  yellow- 
making,  green-making,  blue-making, 
videt-making,  Sfc.  And  if  at  any  time 
I  fpeak  of  light  and  rays  as  coloured,  or 
endued  with  colours,  I  would  be  under- 
flocd  to  jGpeak  not  philofophically  and 
properly,  but  grofly,  and  according  to 
fttcn  conceptions  as  vulgar  people  would 
be  apt  to  frame.  For  the  rays,  to  (peak 
properly,  are  not  coloured.  In  them 
(here  is  nothing  dfc  than  a  cenaini 
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''  power  and  difpofition  to  ftir  up  a  (en- 
"  ration  of  this  or  that  colour ;  for  as 
found  in  a  bell,  or  mufical  ftring,  or 
other  founding  body,  is  nothing  but  a 
trembling  motion,  and  in  the  air  no* 
thing  but  that  motion  propagated  fron 
the  obje&,  and  in  the  fenforium  *tis  a 
fenfe  of  that  motion  under  the  form  of 
a  found  ;  fo  colours  in  the  objeS  are 
^^  nothing  but  a  difpofition  to  refled  thia 
<^  or  that  fort  of  rays  more  copioufly  thaa 
^'  the  reft  :  in  the  rays  they  are  nothinjg- 
<<  but  their  dilpofitions  to  propagate  this 
**  or  that  motion  into  theienibrium,  and 
<*  in  the  fenforium  they  are  fcnfations  o£ 
<<  thofe  motions  under  the  forms  of  co« 
^\  lours*   NcwiM.  Ofik*^  io8, 109.. 
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coloured  body  a  certain  difpofition  of  the  fuperficial  particles  to  fend  the  Phtsics- 
li^t  reflefted  or  refrafted  to  our  eyes,  colour  may  alio,  in  fome  fenfe,  be 
laid  to  depend  upon  the  vifible  body ;  and  therefore  I  fliall  not  rejed  the 
popular  form  of  fpeaking  of  colours,  provided  wc  may  have  recourle  occa- 
fionally  to  the  diftinftion  laid  down.  But  ftill  colour  is  fo  far  from  being 
inlierent  in  objefts,  that  light  itfelf  produces  the  fenfation  only  as  it  caufes 
a  determinate  kind  of  local  motion  in  fbme  part  of  the  brain  ;  for  if  the 
like  motion  happen  from  any  other  caufe,  wherein  the  light  is  uncon- 
cerned, a  man  mall  think  he  fees  the  fame  colour  *.  Thus  it  is  ufual  in 
dreams  to  fancy  we  behold  coloured  images  ;  and  the  ftrange  imaginations 
of  diftraded  perfbns,  with  the  flafhings  of  light,  and  other  appearances, 
upon  fbme  diforders  of  the  brain,  farther  confirm  this  particular. 

The  like  effed  may  alfo  be  produced  from  internal  caufes  which  afied 
the  optic  nerve ;  for  I  remember  in  myfelf  that,  upon  coughing  with  vehe- 
mence, fudden  flaflies  of  vivid  flame  have  appeared,  as  it  were,  before 
my  eyes  f-  And  a  lady,  to  whom  I  am  related,  affured  me,  that  all  the 
objeds  of  her  fight,  once,  of  a  fudden,  appeared  of  various  unufual  co- 
lours, furprizingly  bright  and  vivid ;  which  lymptom  was,the  next  day,  fol- 
lowed by  a  fit  oi  the  hyfteric  difeafc.  The  like  fy mptom  a  phyfician  alfo 
informed  me  he  had  obferved  to  be  a  certain  prognoftic  of  the  plague,  in  a 
feafon  when  that  diftemper  raged ;  but  that  it  generally  went  off  after 
the  exhibition  of  an  emetic.  As  an  appearance  of  colour  may*  there- 
fore, be  produced  by  internal  motions,  without  the  affiftance  ox  an  ex- 
ternal objed  ;  fb  the  colour,  which  would  otherwife  be  produced  by  an 
outward  objed,  may,  poflibly,  be  fbmetimes  changed  by  a  motion  or  new- 
texture  in  the  organ,  as  long  as  that  motion  or  new  difpofition  continues. 

Thus  I  have  often  obferved,  upon  looking  at  the  fun  thro'  a  telefcope^ 
darkened  fo  as  to  make  the  fplendor  of  that  luminary  fupportable,  the  im- 
prefllon  upon  the  retina,  would  neverthelefs  be  fb  vivid  and  permanent, 
that  if  afterwards  I  turned  the  eye,  therein  made  ufe  of,  towards  a 
flame^  it  would  appear  of  a  colour  very  difierent  from  its  natural  one. 

*  'Tis  certain,  that  whenever  the  fame  I  ^'  colours  like  thofe  in  the  feather  of  a 
eye  is  affefted  twice  alike,  viiion  will  be  I  ^'  peacock's  taiL    If  the  eye  and  the  fin- 


tne  fame  in  both  cafes ;  but  different  when 
tbe  eye  is  differently  affeded.  And  this 
Is  a  juff»  not  an  imaginary,  foundation  for 
diftin^ifhing  red  light  from  blue,  yel- 
low mm  green,  Qfic  for  chat  is  properly 
a  red  light  which  excites  in  us  the  idea 
of  red,  a  blue  which  excites  in  us  the 
idea  of  blue,  Sfc.  Thefe  feveral  colours, 
therefore  differently  affe&  the  eye,  and 
confequently  have  different  diipoutions. 

t    To  this  purnofe    Sir  Ifaac   Newton 
fpeaks  thus  :  '*  When  a  man  in  the  dark, 
*•  fays  hCj  preflcs  either  comer  of  his  eye 
**  with  his  finger,  and  turns  his  eye  away  I 
*^  from  his  fiogeri  be  will  fee  a  cucle  of* 


«  ^er  remain  quiet,  thcle  colours  vanifli 
<<  in  a  fccond  minute  of  time  ;  but  if  the 
••  finger  be  moved  with  a  quavering  mo- 
*^  tion,  they  appear  again.  Do  not  thefe 
**  colours  arile  from  fuch  motions  cx- 
"  cited  in  the  bottom  of  the  eye  by  the 
"  preffure  and  motion  of  the  finger,  as  at 
**  other  times  arc  excited  there  oy  light 
**  for  caufing  viiion  ?  And  do  not  tne  mo- 
**  tions,  once  excited,  continue  about  a 
"  fecond  of  time  before  they  ccafc  ?  And 
"  when  a  man  by  a  ftroke  upon  his  eve 
*•  fees  a  flafli  of  light,  are  not  the  like 
**  motions  excited  in  the  retina  by  the 
<<  ftroke r    Hf^w.  Ofi^t*  i^h  i^^* 

B  2  And 
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Physics.  And  if  I  fcveral  times  fucceffively  (hut  and  opened  the  fame  eye,  thif 
new  colour  feem*d  changed  or  impaired  by  degrees ;  till  at  length  the  flame 
appeared  to  me  of  the  fame  colour  it  did  to  other  fpeftators.  The  like 
efeft  I  have  alfo  found  by  looking  upon  the  moon,  when  near  the  full, 
thro'  a  telefcope,  without  employing  a  coloured  glafs  to  defend  the  eye; 
And  here  'tis  remarkable,  that  tho'  my  right  eye,  with  which  I  looked 
thro'  the  telefcope,  were  thus  affefted  by  the  light,  yet  if  Ifhut  that  eye, 
and  looked  upon  the  fame  objeft  with  the  other,  it  appeared  of  its  umal 
colour  'y  but  if  I  again  opened  and  made  ufe  of  the  oazzled  eye,  the  vivid 
adventitious  colour  would  again  return.  Tis  further  obfervable,  that  a 
vehement  blow  upon  the  organ  of  vifion,  efpecially  if  it  be  naturally  weak, 
may  for  a  long  time  vitiate  the  aftion  of  vivid  objeSs.  I  know  a  lady  of 
unqueftionable  veracity,  who  having,  by  a  defperate  fall,  received  feveral 
hurts,  and  particularly  a  confiderable  one  near  her  eye,  had  her  fight  fo 
difordered,  that  the  next  morning,  when  one  of  her  fervants  came  to 
her  bed-fide,  his  clothes  appearecf  adorned  with  fuch  a  variety  of  dazzling 
colours,  as  prefently  obliged  her  to  command  him  to  withdraw  ;  and  even 
the  images  m  her  hangings  did,  for  many  days  after,  appear  to  her,  rf 
the  room  were  not  greatly  darkened,  embellifhed  with  feveral  offenfively 
^vid  colours,  which  nobody  elfe  could  fee  in  them.  She  faid  alfb,  that 
(he  fomctimcs  thought  fhe  faw  colours  fo  new  and  glorious,  that  they  were 
of  a  peculiar  kind,  and  fuch  as  fhe  could  not  defcribe,  by  their  liKenefs, 
to  any  fhe  had  &en  either  before  or  fince ;  and  that  white  objeds  greatly 
difordered  her  fight ;  that  for  feveral  days  after  her  fall,  if  fhe  looked  up- 
on the  infide  of  a  book,  fhe  fancied,  fhe  there  faw  colours  like  thofe  of^  a 
rainbow.  And  even  when  fhe  feemed  pretty  well  recovered,  and  left  her 
chamber,  happening  to  come  into  a  place  where  the  waHs  were  white, 
they  appeared  to  her  of  fuch  dazzling  colours  as  much  offended  her 
fight.  She  added,  that  this  diforder  of  her  eyes  kfled  for  five  or  fix 
weeks ;  tho'  fince  that  time  fhe  hath  been  able  to  read  and  write  confide- 
rably,  without  finding  the  leafl  mconvenience.  A  man  of  great  learning 
coming  to  advife  with  me  about  a  diflemper  in  his  eyes,  told  me,  that  hav* 
ing  once  looked  too  attentively  upon  the  fun  thro*  a  telefcope,  without  a 
dark  glafs,  the  excefs  of  light  fo  ftrongly  aflfefted  his  eye,  tnat  ever  fince, 
when  he  turns  it  towards  a  window,  or  any  white  objeft,  he  fancies  he 
fees  a  globe  of  li^ht  about  the  fame  bignefs  the  fun  then  appeared  to  him ; 
tho*  it  were  now  ten  years  fince  he  finl  obferved  it.  Twere  eafy  from 
fome  remarkable  fymptoms,  obferved  by  Epifhanius  Ferdinandus^  in  per- 
fons  bitten  by  the  tarantula,  to  fhew,  that  without  any  change  in  the 
objeft,  an  alteration  in  the  inftrument  of  vifion  may,  for  a  great  while, 
make  fome  colours  appear  delightfol,  and  others  difagreeable,  and  both 
to  a  high  degree  ;  tho  they  had  no  fuch  effeds  before.  But  thefe  already 
mentioned  may  fuffice  for  our  prefent  purpofe. 

We  before  obfervM,  that  colour  may,  notwithflandinc  all  thi's,.  be 
confider'd  as  a  quality  refiding  in  the  body  faid  to  be  colour  d ;  and  indeed 
moft  of  the  following  experiments  refer  to  it  principally  under  that  notion. 

For 


upon  Colour 5«  y 

For  there  Is  in  coloured  bodies,  and  chiefly  in  their  fuperficial  p^s,  a  certain   Physics. 
difpofition  whereby  they  difturb  *  the  light  that  comes  from  them  to  our  ^XY^^ 
eye,  £o  as  to  make  that  diftinft  imprei&on,  upon  whofe  account  we  fay 
the  vifible  body  is  either  white  or  black,  red  or  yellow.    But  becaufe  we 
ihall  hereafter  more  fully  (hew,  that  the  changes,  and  confequently  the 
produdion  and  the  appearance  of  colours  often  depend  upon  the  continua- 
tion or  alteration  of  the  texture  of  the  objeft,  we  (hall  here  ptcvioufly  in- 
timate two  or  three  particulars  relating  to  this  matter.    And  firft,  it  is  whuUr  tOmm 
not  without  reafbn,  that  I  afcribe  colour  chiefly  to  the  fu^crfidal  parts  of  j£^i?w2l 
bodies  ;  for,  not  to  examine  how  plentifully  opake  corpulcles  may  abound 
even  in  thofe  bodies  we  call  diajuianous,  it  is  plain,  that  we  fee  little 
elfe  than  the  fuperficies  of  dark  objeds ;  for  if  we  found  the  rays  of  light 
refleded  £rom  the  objed,  pierc'd  deep  into  the  body,  we  fliould  not  ju< 
it  opake,  but  either  pelluad  or  iemi-diaphanous  f  • 

The  ichools  feem  to  teach,  that  colour  is  a  penetrating  quality,  reach- 
ing to  the  innermoft  parts  (^  the  objed ;  as  if  a  piece  of^  iealin^- 
wax  be  broken  into  ever  fo  many  pieces,  the  internal  fragments  will 
be  as  red  as  the  external  furface.  This  is  indeed  a  particukr  example  ; 
but  it  will  hot  overthrow  the  foregoing  do£hine ;  efeeciaUy  fince  c^er 
examples  of  a  contrary  nature  may  be  alledged.  And  two  or  three 
negative  inftances  are  fuflicient  to  overthrow  the  generality  of  a  pofltive 
rufe ;  at  leaft  when  that  is  buik  but  upon  one,  or  a  few  examples.  Not 
then  to  mention  cherries,  plums,  tTc.  wherein  the  skin  is  of  oM  cobur,  and 
the  infide  of  another ;  I  (hall  offer  an  inftance  or  two  of  the  colonrs  of  durable 
bodies,  that  are  thought  tolerably  homogeneous;  and  whole  parts  are 
neither  oi^anical,  nor  of  a  nature  approaching  thereto.  And  firft,  I 
need  only  repeat,  that  blue,  red,  and  yellow  may  be  produced  upon 
a  piece  of  tempered  fteel :  for  thefe  colours,  tho'  very  vivid,  yet  if  you 
break  the  metal  they  adorn,  will  appear  to  be  fuperficials  not  only  the 
innermoft  parts  of  the  fteel,  but  thoie  within  a  hair*s  breadth  of  its  fuper- 
ficies, having  none  of  thefe  colours,  but  retaining  that  of  the  metal  itfelf. 
Secondly,  we  melted  a  large  quantity  of  pure  lead  with  a  ftxong  fire  j  then 
immediately  pouring  it  into  a  clean  iron  vefTel,  and  carefully  and  nimbly 


"^  It  follows  from  Sir  Ifaae  Newton  s  dif- 
coveries,  rehtin^  to  light  und  colours,  that 
mil  the  produfiions  and  appearances  of 
them  in  the  world  are  derived  not  from 
any  phyfical  chan^  caufed  in  light  by 
ren-a£bon  or  refleQion,  but  qnly  from  the 
various  mixtures  or  reparations  of  rays, 
by  virtue  of  their  diflFerent  refrangibihty 
or  reflexibility.  And  in  this  refp^,  fays 
that  great  author,  **  the  fcience  of  co- 
•*  lours  becomes  a  fpecuktion  as  truly 
^  mathematical  as  any  part  of  optics,  io 
**  far  as  they  depend  on  the  nature  of 
^  Us^it,  and  are  not  produced  or  akercd 


'*  by  the  power  of  ima^ation,  or  by 
<^  flriking  or  prefling  the  eye.*^  Ibvun. 
Optic,  f.  219. 

t  Perhaps  all  opake  bodies,  when  re- 
duced luflociently  thin  or  fine,  will  ap- 
pear tranfparent,  if  viewed  againft  the 
light.  This  evidently  happens,  when  me- 
tals are  diiTolvcd  in  proper  menftrua  ;. 
when  gold  is  beat  thin  ;  when  ink  afcends 
in  flender  slafs  tubes ;  when  an  opake 
flone,  or  other  objcQ,  is  viewed  thn>*  a 
hole  made  in  the  window-ihuttar  of  a^ 
dark  room^  ifc* 

taling; 
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Physics,  taking  off  the  fcum,  we  perceiv*d  the  fmooth  glofly  fur£ace  of  the  melted 
matter  to  be  adom'd  with  a  very  delightful  colour,  which  almoft  imme- 
diately gave  place  to  another  vivid  one,  that  was  as  immediately  fucceeded 
by  a  third,  and  this  by  a  fourth.  Thus  thefe  wonderfully  vivid  colours  fuc- 
ceffively  appear'd  and  vanifh'd,  till  the  metal  cooling,  put  a  ftop  to  this 
pleafant  fight ;  tho'  the  colours  which  chanced  to  adorn  the  furface,  whea 
the  lead  bejgan  to  cool,  remained  upon  it,  but  were  fo  fuperficial,  that 
how  .little  foiever  we  fcraped  off  from  the  furface  of  the  lead,  all  the  coloiu: 
came  away,  and  difcovered  only  that  which  is  natural  to  the  metal.    But 
unlefs  lead  be  brought  to  a  very  nigh  degree  of  fulion  or  fluidity,  the  phe- 
nomena will  fcarce  appean    However,  the  fame  colours  did  neither  always, 
nor  regularly,  fucceed  one  another,  as  is  ufual  in  fteel ;  brttin  the  fol- 
lowing diverfify'd  order,  which  paffed  fo  fuddenly,  that  I  was  fcarce  able 
to  commit  it  to  paper  ;  blue,  yeUow,  piurple,  blue,  green,  purple,  blue,  yel- 
low, red,  purple  blue,  yellow  and  blue,  yellow,  blue,  purple,  green  mix'd, 
yellow,  red,  blue,  ^en,  yellow,  red,  purple,  green.  To  the  fame  puipofe  I 
might  add,  that  viewing  a  fphere  of  rock  cryftal,  which  was  i^wn  afunder 
by  a  lapidary,  and  expoimg  the  flat  furfaces  to  the  fun  beams,  the  little  par- 
ticles that,  notwithftanding  their  feeming  fmoothnefs  in  the  (hade,  rendered 
their  furfaces  rough,  fo  refraded  and  refledted  the  light,  as  to  exceed  the 
vivid  colours  of  tne  rainbow ;  but  in  an  interrupted  order,  fometimes  on 
one  part  of  the  furface,  fometimes  on  another,  as  it  happened  to  be  fituated 
with  regard  to  the  fun.     And  having  caufed  a  fine-grain'd  touch-fl:one 
to  be  fawn  afunder  by  the  fame  artificer,  I  obferved  upon  the  new  furfaces, 
tho'  to  the  touch  they  feem'd  fmooth  and  polifti'd,  the  vivid  colours,  as 
above-mentioned,  according  as  the  fur&ces  were  put  into  various  pofitions, 
in  refpeft  of  the  fun  and  the  eye ;  fo  that,  notwithflanding  the  great 
tranfparency  of  the  cryftal,   and  the  great  opacity  of  the   touch-ftone, 
their  fuperficial  corpufcles  were  found  fit  to  exhibit  the  vivid  colours  we 
admire  m  the  rain-bow. 

The  atomifts  of  old,  and  fome  learned  men  of  late,  have  attempted  to 
explain  the  variety  of  colours  in  opake  bodies  from  the  various  figures  of 
their  fuperficial  pares.    The  attempt  is  indeed  ingenious,  and  the  dodrine 
fecms  partly  true ;  but  I  confefs  other  things  appear  to  me  neceffary  to  be 
taken  in,  as  contributing  to  thofe  different  forms  of  afperity  whereon  the 
colours  of  opake  bodies  depend.   But  in  order  to  prove  it,  we  muft  alfume, 
that  the  furfaces  of  all  fuch  bodies,  how  fmooth  foevcr  they  may  appear 
to  our  fight  and  touch,  are  only  fo  in  a  popular,  or  a  phyfical  fenle.    The 
truth  hereof  is  evident  from  the  ufe  of  microfcopes,  which  (hew  us  in 
many  bodies,  that  feem  fmooth  to  our  naked  eyes,  little  protuberancies 
rifing  above  that  which  may  be  conceived  to  be  the  plain  of  the  furface  ; 
as  alfo  numerous  depreffions  beneath  that  level.    And  of  this  fort  of  ca- 
vities we  have,  by  the  help  of  an  excellent  magnifier,  on  the  furface  of  a 
thin  piece  of  cork,  that  appeared  fmooth  to  the  eye,  obferv'd  fixty  in  a 
row,  within  the  compafs  of  that  glafs,  tho'  not  above -V  of  an  inch; 
and  thefe  too,  which  made  that  little  piece  of  cork  look  almoft  like  an 

empty 
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JKmpty  honey-comb,  were  hot  only  veiy  diftind,  and  of  fimilar  figures^  pHYSicf. 
but  confiderably  large,  and  prodi^oufly  deep ;  £b  that  their  diftinft  (ha-  *  ^•^^^  ' 
dows  and  fides  were  very  confpicuous,  and  eafily  to  be  reckoned,  and 
might  have  been  well  diftinguilhed,  had  they  been  ten  times  lefs  than  they 
were :  whence  we  may  make  fome  eftimate,  what  a  ftrange  inequality, 
and  what  a  multitude  of  little  (hades  there  may  really  be  in  a  fcarce  fen- 
fible  part  of  a  phy(ical  fuperficies,  tho'  they  remain  invifible  to  the  naked 
eye.  There  are  alfo  feveral  experiments  which  confirm  the  (ame  thing  in 
other  like  fubftances :  fo  that  every  (enfible  part  of  an  opake  bodv,  may 
be  conceived  to  confift  of  a  midtitude  ol  corpufcles  nngly  infenfible. 
But  in  giving  thefe  furfaces  a  difpofition  to  alter  the  light  reflefted 
thence  to  the  eye,  after  the  manner  requifite  to  make  the  oDJeft  appear 
coloured,  the  figures  of  thefe  particles  have  a  ^reat,  tho*  not  the  only  (hare. 
Tis  true  indeed,  that  the  protuberant  particles  may  be  of  very  various 
figures,  Ipherical,  elliptical,  conical,  &€.  according  to  the  nature  whereof, 
and  the  fituation  of  the  lucid  body,  the  light  muft  be  varioufly  aflfeded ; 
as,  after  one  manner  from  furfaces  confifting  of  fpherical,  after  another 
from  thofe  made  up  of  conical  or  cylindrical  particles ;  fome  being  fitted 
to  refleft  more  of  the  incident  rays  *  of  light,  others  lefs  ,•  and  (bme  to- 
wards one  part,  others  towards  another.  But  befides  this  difference  of 
figure,  many  other  things  may  greatly  concur  to  vary  the  forms  of  afpe- 
rity,  whereon  colours  have  fo  great  a  dependance :  for  allowing  the  figure 
of  the  particles,  the  fuperficial  ones  may  be  bigger  in  one  body,  and  lefs 
in  another;  and  confequently  fitted  to  allay  the  light  falling  on  them 
with  greater  (hades.  The  protuberant  particles  may  alfo  be  fet  at  a 
greater  or  a  fmaller  diftance  from  one  another  in  different  parts ;  and  how 
thefe  qualities  may  ferve  to  produce  colour,  we  may  gue(s  from  what  hap- 
pens in  the  agitation  of  water ;  for  if  the  bubbles  that  are  thereby  made, 
oe  large  and  few,  the  water  will  (carce  acquire  a  fcnfible  colour  ,•  but  if 
it  be  reduced  to  a  froth,  which  confifts  of  bubbles  very  minute,  and  conti- 
guous to  each  other,  it  exhibits  a  very  manifeft  whitenefs.  Befides,  it  is 
rot  neceflary  that  the  fuperficial  particles  which  exhibit  one  colour,  (hould 
be  all  of  the  fame  (hape  ,•  but  different  figures  may  be  mixed  upon  the 
furface  of  the  opake  body :  as  when  the  corpufcles  that  make  a  blue 
colour,  and  thofe  that  make  a  yellow,  come  to  be  accurately  and  skilfully 
united,  they  afford  a  green ;  which  tho^  it  feem  one  fimple  colour,  yet  in 
this  ca(e  appears  to  be  made  by  the  union  of  corpufcles  of  yery  different 
kinds.  Moreover,  the  fi^re  and  magnitude  of  the  little  depreffions,  cavi- 
ties, ftirrows,  or  pores,  mtercepted  betwixt  thefe  protuberant  corpufcles> 
are  as  well  to  be  confider^d,  as  the  fizes  and  (hapes  of  the  corpufcles  them- 


*  Sir  If aae  Newton  proves,  that  the  cauib 
of  reflexion  is  not  the  impinging  of  light 
on  the  folid  or  impervious  parts  of  bo- 
dies, as  is  commonlv  fuppofed ;  and  makes 
it  probable,  that  the  reflexion  of  a  raj 
it  e&&ed  not  by  a  fingle.  point  of  the 


refie£ting  body,  but  by  fome  power  of  the 
body  which  is  evenly  difFufcd  all  over  its 
furface,  and  by  which  it  afis  upon  the 
ray,  without  immediate  contaQ*  JUtwtmt 
Oflic.  p.  237*-^4i* 
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Tnr$itM*  £elves.  For  we  may  concdlve  the  i>hyiical  fuperficies  o£  a  body  to  te 
^  f  horizontally  cut  by  a  mathematicai  plain ;  and  tnen^  as  fome  parts  of  that 
phyfical  fuperficies  will  be  protuberant,  or  fweil  above  the  plain,  fo  others 
may  be  depreffed  beneath  it.  Thus  in  many  places  of  the  earth's  fur£ice^ 
there  are  hills,  trees,  &c.  rais'd  above  the  horizontal  level  of  the  valley ; 
and  rivers,  weUs,  pits,  and  other  cavities,  depreffed  beneath  it.  And  that 
fuch  protuberant  and  concave  parts  of  a  furface  may  remit  the.lights  fi>  diffe- 
rently as  ereatly  to  vary  a  colour,  we  (hall  fee  hereafter.  But  at  preient 
it  may  fuffice  to  fay,  that  the  difierent  degrees  or  kinds  of  a^^erity  in  the 
two  flat  fides  of  the  ^me  piece  of  red  marble,  the  one  whereoi  is  poliflied^ 
and  the  other  left  rough,  will  fo  diverfify  the  fight  refleded  from  the  feveral 
different  plains  to  the  eye,  that  a  painter  would  employ  two  different  colours 
to  reprefent  them.  The  fituation  alf b  of  the  fuperficial  particles  is  confide- 
rable.  This  I  diftinguifh  into  the  pofhire  of  the  fingle  corpufcles,  in 
refpeft  of  the  light,  and  of  the  eye  ;  and  the  order  of  them  in  regard  to 
one  another :  for  a  body  may  refled  the  Ught  otherwife,  when  its  fuper- 
ficial particles  are  more  ered  upon  the  plain  conceived  to  pafs  along  their 
bafis  ;  and  when  the  extremities  of  fuch  particles  are  obverted  to  the  eye^ 
than  when  thofe  particles  lie  fo  indined,  that  their  fides  are  in  great 
meafure  difcemible.  Thus  the  colour  of  plufh  or  velvet  will  appear  va- 
rious, if  you  firoak  part  of  it  one  way,  and  part  another ;  the  poflure  of 
the  particular  threads  in  regard  to  the  light,  or  the  eye,  being  thereby 
varied.  And  'tis  obfervable,  that  in  a  field  of  ripe  com,  blown  upon  by 
the  wind,  there  will  appear  waves  of  a  colour  different  from  that  of  the 
reft  of  the  com  ;  became  the  wind,  by  depreffing  fome  of  the  ears  more 
than  others,  caufes  one  to  refled  more  light  from  the  lateral  and  ftrawy 
parts  than  another.  Thus  when  dc^s  are  fo  enraged,  as  to  ered  the  hairs 
upon  their  necks,  and  other  parts  of  their  bodies,  thofe  parts  feem  tq  ac- 
quire a  colour  different  fkxwn  that  of  the  fame  hairs,  when,  in  their  ufual 
pofture,  they  lay  more  inclined.  And  that  the  order  wherein  the  fuper- 
ficial corpufcles  are  ranged  is  confiderable,  we  may  ^uefs  by  the  turning  of 
water  into  froth,  the  beating  of  glafs,  and  the  fcraping  of  horn  ;  in  which 
cafes  the  corpufcles  that  were  b«ore  fo  marfhall'd,  as  to  be  tranfparent, 
become,  by  a  difhirbance  of  that  order,  difpofed  to  ftop  and  refled  more 
light,  and  thereby  to  appear  whitifh. 

There  are  alfo  other  ways  wherein  the  order  of  the  protuberant  parts, 
in  regard  to  the  eye,  may  ereatly  contribute  to  the  appearance  of  a  parti- 
cular colour  :  for  I  have  often  obferved,  that  when  peafe  have  been  planted 
or  fet  in  parallel  lines,  and  are  fhot  up  about  half  a  foot  above  the  furface 
of  the  ground,  by  looking  on  the  field  where  they  grew  ak>ng  the  lines 
they  ftood  in,  much  the  greater  part  of  the  ground  appeared  of  its  own 
dirty  colour ;  but  if  I  view'd  the  field  tranfverfly,  it  would  appear  very 
green ;  the  upper  parts  of  the  peafe  concealing  the  intercepted  parts  of  the 
ground  from  the  eye.  And  perhaps  even  the  motion  of  the  fmall  parts  of 
a  vifible  objed  may  in  fome  cales  contribute,  tho*  it  be  not  eafy  to  fay 
Jiow^  to  the  produdion  or  variation  of  a  colour :  for  I  have  feveral  times 

made 
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inade  a  liquor^  which,  when  well  fettled  in  a  clofe  vial,  is  tranfparent  Phtsics. 
and  colourlefs ;  but  as  foon  as  the  glafs  is  unftopped,  b^ns  to  fly  away  *  ^^^^ 
very  plentifully  in  a  white,  opake  fume :  and  there  are  other  bodies,  whole 
fiunes,  when  they  fill  a  receiver,  would  make  one  fufpeft  it  contained 
milk  ;  and  yet  thefe  fumes  become  a  liquor  that  is  not  white,  but  tranf- 
parent. And  fuch  white  fumes  I  have  feen  afforded  by  unftopping  a  liquor, 
which  is  itfelf  diaphanous  and  red ;  nor  are  thefe  the  only  infbinces  of 
this  kind  that  our  experiments  can  fupply  us  with.  And  if  the  fuperficial 
corpulcles  be  of  the  groffer  fort,  and  fo  framed,  that  their  diifenng  (ides 
may  exhibit  differing  colours,  then  the  motion  or  refl  of  thofe  corpufcles 
may  be  confiderable,  as  to  the  colour  of  the  fuperficies  they  compofe ;  be- 
caufe  fbmetimes  more,  fometimes  fewer  of  the  udes  difpofed  to  exhibit  fuch 
a  colour,  may  by  this  means  become  or  continue  more  obverted  to  the  eye 
than  the  reft,  and  compofe  a  phyfical  furface  more  or  lefs  fenfibly  inter- 
rupted. Thus  I  remember,  that  in  fome  forts  of  plants,  whofe  leaves  were 
thick  fet  by  one  another,  and  the  two  (ides  of  each  leaf  of  a  fomewhat  diffe- 
rent colour,  there  would  appear  a  notable  difference  in  their  colour,  if  look'd 
upon,  firft  when  the  leaves  being  at  reft,  had  their  true  upper  fides  obverted 
to  the  eye ;  and  again,  when  a  breath  of  wind  pafling  thorough  them,  made 
great  numbers  of  the  (ides  of  the  leaves,  that  are  ufually  hidden,  become 
€on(picuous.  And  tho'  the  little  bodies  above-mentioned,  may  (ingly  and 
a-part  feem  almoft  colourlefs ;  yet  when  many  of  them  are  placed  oy  one 
another  fo  near,  that  the  eye  does  not  difcem  an  interruption  in  a  fen(ible 
foace,  they  may  exhibit  a  colour :  as  we  fee,  that  tho'  a  (lender  thread  of 
dy 'd  fcarlet  (ilk,whilft  look'd  on  (ingly,  feems  almoft  quite  devoid  of  rednefs  ,• 
yet  when  numbers  of  thefe  threads  are  brought  together  into  a  skein,  that 
colour  then  becomes  glaring.  And  in  changeable  taffaties,  where  we  fee 
differing  colours  arife  and  vanifh  upon  ruffling  the  fame  piece  of  filk ;  I 
have  often,  with  pleafure,  obferved,  by  means  of  a  convenient  microfcope, 
their  component  threads  to  oafs  under  and  over  each  other,  in  almoft  m- 
numerable  points :  and  if  1  thus  lookM  upon  any  confiderable  portion  of 
the  ftuff  that,  for  example,  appeared  red  to  the  naked  eye,  I  could  plainly 
fee,  that  in  fuch  a  pofition  the  red  threads  were  confpicuous,  and  re- 
flefted  a  vivid  light :  and  tho'  I  could  alfb  perceive  that  there  were  green 
ones,  yet,  by  reafon  of  their  difadvantageous  pofition  in  the  phyfical 
furface  of  the  filk,  they  were  in  part  hid  by  the  more  protuberant  threads 
of  the  other  colour ;  and,  for  the  fame  reafon,  the  refleftion  from  as  much 
of  the  green  as  was  difcover'd,  appeared  but  dim  and  faint.  And  if,  on 
the  contrary,  I  looked  thro'  the  microfcope  upon  any  part  that  appeared 
green,  I  could  plainly  fee  the  red  threads  were  lefs  fuJIy  expofed  to  the 
eye,  and  obfcured  by  the  green  ones,  which,  therefore,  made  the  predomi- 
nant colour.  And  by  obferving  the  texture  of  the  filk,  I  could  eafily  fo 
expofe  the  threads  either  of  the  one  colour  or  the  other  to  my  eve,  as  at 
j>lealure  to  exhibit  the  appearance  of  red  or  green,  or  make  thofe  colours 
liicceed  each  other :  fo  that,  obferving  their  fucce(fion,  I  could  mark  how 
the  predominant  colour  ftarted  up,  when  the  threads  that  exhibited  it. 
Vol.  II.  C  came 
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Physics,  came  to  be  advantageoufly  placed ;  and  by  making  little  folds  in  the 
^•Sr\J  taflfety,  the  fides  that  met,  and  terminated  in  them,  would  appear  to  the 
naked  eye,  the  one  red,  and  the  other  green.    And  when  threads  of 
.  more  than  two  differing  colours  chance  to  be  interwoven,  the  refulting 
changeablenefs  of  the  taflfaty  may  alfo  be  fomewhat  different.    And  per- 
haps it  were  proper  to  try  whether  the  microfcope  would  give  us  the 
reafon  of  the  vanablenefs  of  colour,  that  is  fo  confpicuous  in  mother  of 
pearl,  opals,  &c.    ^Tis  true  indeed,  that  what  I  here  propofe  concerning 
the  diflferent  forms  of  al'perity  in  bodies,  whence  the  incident  light  either 
comes  to  be  reflefted  with  more  or  lefs  of  fliade,  and  with  that  fliade 
more  or  lefs  interrupted,  or  happens  to  be  otherwife  modify'd,  is  but 
conjectural ;  yet  I  am  apt  to  fufpeft,  that  if  we  had  perfeft  microfcopes  *, 
we  might  difcem  in  the  phyfical  furfaces  of  bodies,  both  a  great  many 
latent  inequalities,  and  the  particular  fize,  figure,  and  fituation  of  the 
extremely  little  bodies  that  caufe  them;  and  perhaps  might  perceive, 
among  other  varieties,  how  thofe  little  protuberances  and  cavities  interrupt 
and  dilate  the  light,  by  mingling  with  it  a  multitude  of  very  fmall  (hades, 
fome  of  them  more,  and  fbme  lefs  minute ;  fome  lefs,  and  fome  more 
numerous,   according  to  the  nature  and  degree  of  the  particular  co- 
lour we  attribute  to  the  vifible  objeft.    Thus  with  good  telefcopes  we 
can  difcern  many  hills  and  vallies  in  the  moon,  whereof  fome  are  more, 
and  others  lefs  Itrongly  illumined  ,•  whilft  thefe  have  a  fainter,  and  thofe 
a  deeper  (hade :  tho   the  naked  eye  can  difcern  no  fuch  things  in  that 
planet.    Thus  alfo,  where  the  naxed  eye  could  only  fee  a  green  powder, 
a  microfcope  enabled  us  to  difcover  particular  jgranules,  fome  of  a  blue, 
and  fome  of  a  yellow  colour ;  tho'  we  had  before  caufed  them  to  be  ex- 
quifitely  mixed,  to  compound  a  ^reen.    And  here,  to  confirm  what  we 
have  delivered,  as  to  the  pofUbihty  of  difcerning  the  different  forms  of 
afperity  in  the  furfaces  of  bodies  of  feveral  colours,  I  (hall  add  a  re- 
markable relation  which  I  had  from  Dr.  Finch^  anatomift  extraordinary 
A  Wfd  «f«[>  to  the  great  duke  of  Tufcany.   This  gentleman  told  me,  that  he  faw  a  bllna 
2f^^^'^man  at  Maeftrkhty  in  the  Low  CauntrieSy  who  at  certain  times  could  diflin- 
mtb.  guifh  colours  by  the  touch  with  his  fingers.    This  appeared  fo  extraordi- 

nary to  me,  that  I  freely  propofed  many  fcruples  concerning  it  to  the 
doctor  ,•  and  particularly  mquired,  whether  care  were  taken  to  prevent 
the  man  from  ufing  his  (ight  m  the  cafe,  if  he  had  any  :  but,  upon  the 
whole,  I  found  the  doftor  had  been  very  cautious  and  circumfpeft,  to 
prevent  being  impofed  upon  herein.  And,  that  he  might  not,  thro*  any 
miflake  in  point  of  memory,  mifinform  me,  he  prefented  me  the  notes  he 
took  for  his  own  ufe  ;  the  fubftance  whereof  is  as  follows.  The  name 
of  the  man  was  John  Vermaafen^  at  that  time  about  thirty-three  years  of 

♦  Sir  Ifaac  IJtvoton   feems  to  be  of  opi-  I  difcover  all  the  particles  of  bodies  on 


nioDy  that  microfcopes  may  be  fo  far  im- 
proved, if  they  are  not,  in  fome  degree. 


which  their  colours  depend,  eirccpt  thofe 
of  black  fubftances,  which  he  (news  to 


already  arrived  at  that  pcrfeSion,  as  to    be  the  moft  minute,  Nstvtou.  Oftk.  f.  1^6* 

age. 
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age,  who,  when  he  was  two  years  old,  had  the  fmall  pox,  which  render'd  PnTSicf. 
Wm  abfolutely  blind,  tho*  he  is  at  prefent  an  organift  in  a  public  choir.  V  ^"^^^  ' 
Tl^  do^r  difcourfing  with  him  over  night,  the  blind  man  affirmed,  that 
he  could  diftinguifli  colours  by  feeling,  but  not  unlefs  he  were  fafting ; 
for  that  any  quantity  of  drink  deprived  him  of  that  exquifite  touch  which 
is  requilite  to  fo  nice  a  fenfation.    Upon  this,  the  do£tor  provided  againft 
the  next  morning  feven  pieces  of  riobon  of  thefe  feven  colours,   black, 
white,  red,  blue,  green,  yellow,  and  grey }  but  as  for  mixed  colours,  this 
Vennaafen  would  not  undertake  to  dilcern  them ;  tho,  if  ofifer'd,  he  could 
cell  that  they  were  mixed.    To  dilcern  the  colour  of  the  ribbon,   he 
places  it  betwixt  his  diumb  and  his  fore-finger,  but  his  moft  exquifite  per* 
ception  is  in  his  thumb,  and  much  better  in  the  right  than  in  the  left. 
After  the  man  had  four  or  five  times  told  the  dodtor  the  feveral  colours, 
whilft  a  napkin  was  tied  over  his  eyes,  the  dofkot  obferved  he  twice 
miftook,  for  he  called  the  white  black,  and  the  red  blue ;  but  ftill  before 
his  error,  he  would  lay  them  by  in  pairs,  faying,  that  tho*  he  could  eafily 
diftinguifli  them  from  all  others,  yet  thofe  two  pair  were  not  eafily  diftin- 
guifliable  from  one  another.    Then  the  doctor  aefired  to  know  what  kind 
of  difierence  he  found  in  colours  by  his  touch.    To  which  the  blind  man 
xepIyM,  that  all  the  diSerence  he  mferved,  was  a  greater  or  lefs  degree 
01  afperity  f ;  for,  lays  he,  black  feels  like  the  points  of  needles,  or  lome 
harfliland,  whilft  red  feels  very  fmooth ;  that  black  and  white  are  the 
moft  rouch,  or  unequal,  of  all  colours,  and  £o  like,  that  *tis  very  hard  to 
diftinguim  them ;  but  black  the  roi^eft  of  the  two :  that  green  is  next 
in  afperity ;  grey  next  to  green ;  yellow  the  fifth  in  degree  of  afperity  ; 
red  and  blue  fo  alike,  that  'tis  as  hard  to  diftinguifli  between  them  as 
between  black  and  white,  tho*  red  be  fomewhat  more  rough  than  blue ; 
fo  that  red  has  the  fixth  place,  and  blue  the  feventh  in  afperity.    To  this 
information  the  dodlor  was  plealed  to  add  the  prefent  of  three  of  thofe 
very  pieces  of  ribbon,  whole  colours,   in  his  prelence,  Vermaafen  hsA 
diftmguiflied ;  pronouncing  the  one  ^ey,  the  other  red,  and  the  third 
green ;  which  I  keep  by  me  as  rarities.    Before  I  faw  the  notes  from 
whence  this  account  is  taken,  I  confefs  I  fufped^ed  this  blind  man  might  have 
thus  diftinguilhed  colours  rather  by  the  fmell  than  by  the  touch  j  tor  fome 


t  The  difierent  magnitudes  of  the  pam 
of  coloured  bodies,  whereon  their  different 
colours,  according  to  Sir  Ifaae  Nivtms 
theory,  depend,  appear  to  be  too  minute 
for  the  ienfe  of  feding  to  take  notice  of. 
Thislenfe,  indeed,  may,  by  great  degrees, 
he  more  exquifite  in  one  man  than  in 
another;  and,  if  if  could  be  fuppoled 
equaU  or  nearly  equal  to  that  of  fight, 
wnich  perhap  is  only  a  finer  deeree  of 
touch,  this  different  afperity  might,  fup- 
pofing  the  truth  of  the  relation,  become 
KiifiUe  to  one,  poflefled  of  an  ezciuifice 

C   2  of 


fenfe  of  feeling.  Sir^.  BKnplMr  well  obferret, 
that  there  is  a  hajinooy  and  difcord  of 
colours,  which  he  feems  to  think  arifes 
from  the  proportions  of  the  vibrations 
propagated  thro*  the  fibres  of  the  optic 
nerve  into  the  brain,  as  the  harmony  and 
difcord  of  founds  arife  from  the  propor- 
tions of  the  vibrations  of  the  air.  For 
fome  colours,  if  they  be  viewed  together, 
are  agreeable  to  one  another,  as  thofe  of 
gold  and  indigo,  and  others  difagree* 
See  liiwtw*  OftUf  p.  3  to. 


II  Experiments  and  Obferoations 

Physics,  of  the  ingredients  employ *d  by  dyers,  have  different  and  ftrong  (cents, 
'  which  a  very  nice  no£e  might  diftinguifli ;  and  this  I  the  rather  fuipefiiedy 
•becaufe  he  required  that  the  ribbons  he  was  to  judge  of,  fhould  beofter'd 
him  in  the  morning  fafting;  for  I  have  obferved  in  fetdng-dogs,  that  the 
feeding  of  them  greatly  impairs  their  icent.  And,  indeed,  I  could  wilh  for 
the  opportunity  of  examining  this  man  myfelf,  about  many  particulars 
which  I  do  not  find  to  have  been  yet  thought  upon.  And  tho  it  be  not 
incredible,  that  fince  the  liquors  ufed  by  dyers  are  qualified  to  give  a 
colour,  by  multitudes  of  little  corpufcles  of  the  pigment  diffolved  and  ex- 
trafted  by  the  fluid  wherein  they  float,  thole  corpufcles  of  colour  infinu- 
ating  themfelves  into,  and  filling  up  the  pores  of  the  body  to  be  dyed,  may 
give  a  greater  or  le£s  roughnefs  to  its  fuperficies,  according  to  the  bignels 
and  texture  of  the  partidcs  of  the  pigment ;  yet  I  can  fcarce  believe  that 
this  blind  man  could  diftinguifli  all  the  colours  he  did,  merely  by  the  rib- 
bons having  more  or  lefs  of  afperity :  but  the  forms  of  it  might  alfo  affift 
him  herein,  tho'  thefe  would  perhaps  have  been  very  difficult  for  him  to 
defcribe ;  becaufe  thofe  minute  differences  having  not  been  taken  notice 
of  by  men  for  want  of  a  touch  fufficiently  exquiute,  are  things  he  could 
not  have  expreffed  intelligibly.  Thus  under  the  name  of  (harp,  fweet, 
and  four,  there  are  abundance  of  peculiar  intermediate  reliflies,  or  taftes, 
in  different  forts  of  wine ;  which  tho'  critical  and  experienc'd  palates  eafilv 
difcern,  yet  the  judges  cannot  have  their  idea's  conveyM  to  others ;  fucn 
minute  differences  not  having  hitherto  any  diftin£t  names  afllgn'd  them. 
And  it  feems  that  there  was  fomething  here  in  the  forms  of  afperity  re- 
ouifite  to  the  diftin£tion  of  colours,  befides  the  degree  of  it ;  fince  this  man 
lound  it  fo  difficult  to  diftinguiih  black  and  white  from  one  another,  tho'  not 
from  other  colours.  For  I  might  urge,  that  he  feems  to  contradift  him- 
felf  about  the  red,  which  in  one  place  he  reprefents  as  fomewhat  more 
rough  than  the  blue,  and  in  another  very  fmooth ;  but  becaufe  he  fpeaks 
of  this  fmoothnefs  in  that  place  where  he  mentions  the  roughnefs  of 
black,  we  prefume  that  he  meant  but  a  comparative  fmoothnefs :  how- 
ever, he  found  it  difficult  not  only  to  diftinguifli  red  and  blue,  but  black 
and  white  from  one  another,  tho'  not  from  other  colours.  And  indeed, 
tho'  in  the  ribbons  offer'd  him,  they  might  be  almoft  equally  rough,  yet 
in  fuch  minute  corpufcles  as  thofe  of  colour,  there  may  eafily  be  con- 
ceiv'd  net  only  a  greater  clofenefs  of  parts,  a  want  of  protuberant 
corpufcles,  and  little  extant  particles  otherwife  figured  and  ranged 
in  the  white  than  in  the  black;  but  the  cavities  alfo  may  be  much 
deeper  in  one  than  in  the  other.  And  perhaps,  where  the  particles  are  fo 
exceeding  flender,  we  might  allow  the  parts  expofed  to  the  fight  and  touch 
to  be  a  little  convex  in  comparifon  of  the  ereft  particles  of  black  bodies;  as 
if  they  were  wires  many  times  flenderer  than  a  hair,  for  whether  you  fup- 
pofe  them  to  be  figured  like  needles,  or  cylindrically  like  the  hairs  of  a 
brufli,  with  hemifpherical  tops,  they  will  be  fo  very  ilender,  and  confe- 
quently  the  points  both  of  the  one  fort  and  die  other,  fo  very  fliarp,  that 
an  exquifite  touch  will  be  able  to  obfcrve  n^  greater  diHerence  between 

them^ 
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them,  than  that  which  our  blind  man  allowed,  when,  comparing  black  Physics. 
and  white  bodies,  he  faid,  that  the  latter  were  the  lefs  rough  of  the  two. 
Nor  is  every  kind  of  roughnefs,  tho'  fenfible,  inconfiftent  with  white- 
nefs,  for  the  phyfical  fuperficies  of  a  body  is  fometimes  made,  by  the  fame 
operation,  both  rough  and  white ;  as  when  the  level  furface  of  clear  wa- 
ter being  agitated  and  made  rough,  with  a  multitude  of  unequal  bubbles, 
thereby  acquires  a  whitenefs ;  and  as  a  fmooth  piece  of  glafs  by  being 
fcratched  with  a  diamond,  difcloies  the  fame  colour.  This  minutenefs  and 
figure  of  the  extant  particles  being  fuppofed,  the  depth  of  the  little  cavi- 
ties intercepted  between  the  extant  particles,  without  being  fo  much 
greater  in  black  bodies  than  in  white  ones,  as  to  be  very  perceptible  to  the 
grofs  organs  of  touch,  may  be  vaftly  greater  with  regard  to  their  difoofi- 
tion  of  reflefting  the  fubtile  rays  ot  light.  For  in  black  bodies  thofe  imall 
intercepted  cavities,  and  other  depreffions,  may  be  fo  figured,  fo  narrow 
and  fo  deep,  that  the  incident  rays  of  light,  which  the  more  extant  parts  of 
the  phyfical  fiiperficies  are  difpofed  to  refleft  inwards,  may  be  detained 
there,  and  prove  unable  to  emerge ;  whilft  in  a  white  body  the  flender 
particles  may  not  only,  by  their  figure,  be  fitted  to  refleft  the  light  co- 
pioufly  outwards,  but  the  intercepted  cavities  being  (hallow,  and  perhaps 
ibmewhat  wide,  the  bottoms  of  them  may  be  fo  conftituted,  as  to  be  fit 
to  refled  outwards  much  of  the  light  that  falls  upon  them. 

There  is  no  necejQfity  of  concluding,  from  the  blind  man's  relation,  that 
tho',  according  to  his  touch,  black  was  the  rougheft,  as  it  is  the  dar- 
kefl  of  colours,  that  therefore  white,  which  is  the  lighteft,  ihould  alfo  be 
the  fmoctheft ;  for  he  makes  yellow  to  be  two  degrees  rougher  than 
blue,  and  as  much  fmoother  than  green ;  tho'  yellow  not  only  appears  to 
the  eye  a  lighter  colour  than  blue,  but  we  fhall  hereafter  fhew,  that  yel- 
low reflefts  much  more  light  than  blue,  and  manifeftly  more  than  green  ; 
which  feems  to  ftrengthen  our  conjedhire,  that  there  was  fomething  in 
the  kinds  of  afperity,  as  well  as  in  the  degrees  of  it,  that  enabled  yer^ 
maafen  to  diftingiiifh  colours ;  and,  at  leaft  mews,  that  we  cannot,  in  all  ca- 
fes, from  the  bare  difference  in  the  degrees  of  afperity  in  colours,  fafely 
conclude  that  the  rougher  reflefts  the  leafl  light.  Thus  much,  however, 
we  gain  from  the  teftimony  of  this  blind  man,^  that  fince  many  colours 
may  be  felt  with  the  circumftances  above  related,  the  furfaces  of^  fuch  co- 
loured bodies  muft  certainly  have  different  degrees,  and  in  all  probability 
different  forms,  or  kinds  ot  afperity  belonging  to  them  i  which  is  all  the 
ufe  I  here  defigned  to  make  of  the  niftory  of  this  blind  man  :  for  hence  it 
fufficiently  appears,  that  colour  greatly  depends  upon  the  difpofition  of 
the  fuperficial  parts  of  bodies,  and,  probably,  wherein  fuch  a  difpofition 
principally  confifts  *. 

But 

♦  The  permaBcnt  colours  of  naeuml  I  **  iwf,  reflcSs  the  leaft  Tcfrangible,  or 
bodies  arile  from  heoee,  that  fome  fiich  I  <*  red-making  rays  moft  copiouflv,  and 
bodies  refleS  fome  forts  of  rays,  and  o-  |  **  thence  appears  red.  Violets  refleS  the 
thers  other  forts  more  copiouflv  thaa  the  I  **  moft  refrangible,  moft  copioufly,  and 
Teft,     M  Miniuniy   fay»  Sir  ifaac  thv^  I  **  thence  have  their  colour,,  and  fo  of 
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Physics.       But  to  return  ;  thecaufes  of  the  feverai  forms  of  afperitjr,  that  may 
i^^SrVJ  diverfify  the  furfaces  of  coloured  bodies,   will,  perhaps,  afford  us  fome 
J^^J'jJ J ,„  general  conjeftures  as  to  feverai  of  the  ways  whereby  *tis  poflible  to 
(•imrs,  fy  «!•    produce  the  fudden  chants  of  colours,    we  fliall  hereafter  find  in  our 
^^'^  experiments;  for  moft oi  thofe phenomena  being  produced  by  means  of 

liquors,  which  generally  abound  with  very  minute,  aftive,  and  vari- 
oufly  fjjgured  faline  corpufcles,  they  may  well  very  fuddenly  alter  the  tex- 
ture of^the  body  they  are  employed  to  work  on  ;  and  fo  change  their 
form  of  afperity,  and  thereby  make  them  refleft  to  the  eye  the  light  that 
falls  on  them,  after  another  manner  than  they  did  before,  and  by  that 
means  vary  the  colour  fo  far  as  it  depends  upon  the  texture  or  difpofition 

of 
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"  other  bodies.  Every  body  reflcfls  the 
**  rays  of  its  own  colour  more  copioufly 
**  than  the  reft,  and  from  their  excels 
and  predominance  in  the  refle&ed  light 
•*  ^lAs  Its  colour.— —Every  body  appears 
moft  fplendidand  luminous  when  view- 
**  ed  in  the  light  of  its  own  colour.  Cin- 
**  nabar,  in  the  homogeneal,  red,  prifma* 
*^  tic  light  is  moft  reiplendent,  in  the 
**  green  light  it  is  manifeftly  lefs  refplen- 
<*  dent,  and  in  the  blue  fight  ftill  lefs. 
**  Indigo  in  the  violet  blue  light,  is  moft 
**  refplendcnt,  and  its  fplendor  Is  gra- 
'*  dually  diminiflied,  as  it  is  removed 
•*  thence  by  degrees  thro*  the  green  and 
**  yellow  light  to  the  red.  By  a  leek 
**  the  green  light,  and  next  that  the  blue 
**  and  yellow,  which  compound  green, 
**  are  more  ftrongly  reflc&ed  than  the 
•*  other  colours,  red  and  violet,  8^r.  But 
to  make  thefe  experiments  the  more 
manifeft,  fuch  bodies  ought  to  be  cho* 
**  fen  as  have  the  fulleft  and  moft  vivid 
**  colours,  and  two  of  thofe  Bodies  are 
**  to  be  compared  together.  Thus,  for 
**  inftance,  it  cinnabar  and  ultramarine 
**  blue,  or  fbme  other  full  blue  be  held 
together  in  the  red  homogeneal  light, 
they  will  both  appear  red,  but  the 
cinnabar  will  appear  of  a  ftrongly  lu- 
minous and  rcfplendent  red,  and  the 
**  ultramarine  blue,  of  a  &int,  obfcure, 
**  aod  dark  red  ;  and  if  they  be  held  to- 
"  get  her  in  the  blue  homogeneal  light, 
•*  they  will  both  appear  blue,  but  the  ul- 
**  traraarine  will  appear  of  a  ftrongly  lu- 
•*  minous  and  refplendent  blue,  and  the 
"  cinnabar  of  a  faint  and  dark  blue; 
*•  which  puts  it  paft  difputc,  that  the 
*'  cinnabar  reflef^s  the  red  light  much 
*^  more  copiouily  thaa  the  ultramarine 
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**  doth,  and  that  the  ultramarine  reflcfis 
**  the  blue  light  much  more  copioufly 
than  the  cinnabar  doth.  The  fame  expe- 
riment may  be  made  fuccefsfuUy  with 
red  lead  and  indigo,  or  with  any  other 
*'  two  coloured  bodies,  if  due  allowance 
**  be  made  for  the  diffisrent  ftrength  or 
**  weaknefs  of  their  colour  and  light. 
^^  And  fince  thefe  refleSed  lights,  which 
**  differ  in  colour,  differ  alfo  in  d^ree 
*^  of  refrangibility,  it*s  certain  that  iome 
'*  bodies  refle£b  the  more  refrangible, 
'*  and  others  the  lefs  refrangible  rays 
*'  more  copioufly  ;  and  that  this  is  the 
**  only  reafon  of  thefe  colours,  appears 
**  from  hence,  that  the  colour  of  homo- 
**  geneal  light  cannot  be  changed  by  the 
*^  reflexion  of  natural  bodies.  For  if 
''  bodies,  by  reflexion,  cannot  in  the 
*•  leaft  change  the  colour  of  any  fort  of 
"  rays,  they  cannot  appear  coloured  by 
<^  any  other  means,  than  by  refle£Hng 
"  thofe  which  are  either  ot  their  own 
"  colour,  or  which,  by  mixture,  muft 
<«  produce  it.  But  in  making  experi- 
*•  mcnts  of  this  kind,  care  muft  be  had 
«*  that  the  light  be  fufficiently  homoge- 
"  neal."    'NkwUntf  Optic.  ^  156—158. 

*•  In  tranfparently  coloured  liquors, 
"  'tis  obfervable,  that  their  colour  ufes 
"  to  vary  with  their  thicknefs.  Thus  a 
**  red  liquor,  in  a  conical  glafs,  held  be- 
^*  tween  the  light  and  the  eye,  looks  o£ 
«*  a  pale  and  dilute  yellow  at  the  bot- 
*<  torn  where  *tis  thin,  and  a  httle  higher 
"  where  'tis  thicker,  grows  orange  ;  and 
<•  where  'tis  ftill  thicker,  becomes  red  ; 
<*  and  where  'tis  thickeft,  the  red  is 
**  deepeft  and  darkeft.  For  it  is  to  be 
^*  conceived,  that  fuch  a  liquor  ftops  the 
**  lodigo-midtiDg  and  vioiec-making  ra^^ 
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of  the  vifible  parts  of  the  objed ;  for  I  do  not  abfblutely  exchide  all  other  Physics. 
ways  of  modifying  the  rays  of  light,  between  dieir  parting  from  the  lu-  ^  ^ 
cid  body,  and  their  reception  into  the  common  organ  of  vifion.  Now 
there  feem  to  be  feveral  ways  whereby  liquors  may  fuddenly  alter  the 
colour  of  one  another,  but  1  (hall  only  touch  upon  a  few.  And,  firft,  the 
minute  corpufcles  that  compofe  a  liquor  may  eafily  infinuate  themielves 
into  thofe  pores  of  bodies  whereto  their  fize  and  figure  adapt  them  ;  and 
thefe  pores  they  may  either  exaftly  or  inadequately  fill ;  in  which  latter 
cafe  tney  will,  for  the  moft  part,  alter  the  number  and  figure,  but  always 

the 
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^*  moft  eafily,  the  blue-making  rays  more 
**  difficultly,  and  the  red-making  moft 
**  difficultly  ;  and  that  if  the  thicknefs 
•*  of  the  liquor  be  only  fo  much  as  fuffi- 
"  CCS  to  ftop  a  competent  number  of  the 
violet-making  and  indigo-making  rays, 
without  diminifliing  much  the  num- 
ber of  the  reft,  the  reft  muft  compound 
a  pale  vellow.  But  if  the  liquor  be 
*'  fo  roucn  thicker,  as  to  ftop  alfoa  great 
**  number  of  the  blue-makins  rays,  and 
'*  fome  of  the  green-making,  the  reft  muft 
**  compound  an  orange ;  and  where  it  is 
*^  io  thick  as  to  ftop  alfo  a  great  number 
••  of  the  green-making,  anda  confidera- 
•*  ble  number  of  the  yellow-making,  the 
**  reft  muft  begin  to  compound  a  red, 
**  and  this  red  muft  grow  deeper  and 
**  darker,  as  the  yellow-makms  and 
**  orange-making  rays  are  more  and  more 
'*  ftopped  by  the  increafing  thicknefs  of 
**  the  liquor  ;  fo  that  few  rays  bcfides 
*'  the  red-making  can  get  through. 

**  Of  this  kind  is  an  experiment  lately 
•*  related  to  me  by  Dr.  Hdlhy^  who,  div- 
**  ing  deep  into  tne  fca  in  a  diving  vef- 
**  fel,  found,  in  a  clear  funfliine  day, 
'*  that  when  he  was  funk  many  fathoms 
•*  deep  into  the  water,  the  upper  part  of 
**  his  hand,  on  which  the  fun  {hone  di- 
•*  re£Hv  thro*  the  water,  and  thro'  a 
•*  fmaJl  glafs-window  in  the  veflcl,  like 
**  that  of  a  damask  rofe,  and  the  water 
^*  below  and  the  under  part  of  his  hand 
'*  illuminated  by  light  reflefied  from  the 
"  water  below,  looked  green.  From 
••  thence  it  may  be  gathered,  that  the 
**  fea-water  refleSs  back  the  violet  and 
blue-making  rays  moft  cafily,  and  lets 
the  red  making  pais  moft  freely  and 
•*  copioufly  to  great  depths  ;  for  thcre- 
•  *  by  the  lun's  dircfl  light,  at  all  great 
depths,  by  reafon  of  the  predominating 
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*<  red-making  rays  muft  appear  red,  and 
**  the  greater  the  depth  is,  the  fuller 
**  and  intenfer  muft  that  red  be.  And  at 
fuch  depths  as  the  violet-making  rays 
can  fcarce  penetrate  to,  the  blue-mak- 
ing, green-making  and  yellow-mak- 
ing rays  being  rcfleQed  from  below 
more  copioufly  than  the  red-making 
**  ones,  muft  compound  a  green.  Kow 
•*  if  there  be  two  liquors  of  full  co- 
**  lours,  fuppofe  a  red  and  a  blue,  and 
**  both  of  them  fo  thick  as  fuffices  to 
*<  make  their  colours  fufficiently  full, 
^*  tho'  either  liquor  be  fufficiently  tranf- 
**  parent  a-part,  yet  will  you  not  be  able 
^*  to  fee  thro*  both  together  ;  for  if  only 
the  red- making  rays  pafs  thro'  one  li- 
Guor,  and  only  the  blue-making  thro' 
**  the  other,  no  rays  can  pafs  thro' both. 
*^  This  Dr.Hooh  tried  cafually  with  glafs 
**  wedges,  filled  with  red  and  blue  li* 
*'  quors,  and  was  furprized  at  the  event. 

**  Now  whilft  bodies  become  coloured, 
^*  by  refleQing  or  tranfmitting  this  or 
'*  that  fort  of  rays  more  copioufly  than 
*'  the  reft,  it  is  to  be  conceived  that 
*^  they  ftop  and  ftifle  in  themfelves  the 
**  rays  which  thev  do  not  reflefc  or  tranf- 
**  mit.  For  if  gold  be  foliated,  and  held 
*^  between  the  eye  and  the  light,  the 
**  light  look  of  a  greenifli  blue ;  and 
**  therefore  mafly  gold  lets  into  its  body 
**  the  blue-making  rays,  to  be  refle£^cd 
•*  to  and  fro  within  it,  till  they  be  ftop- 
*'  ped  and  ftifled,  whilft  it  rcfleas  the 
"  yellow-making  outwards,  and  thereby 
•*  looks  yellow.  And  much  after  the 
**  fame  manner  that  leaf  gold  is  yellow 
"  by  reflc&ed,  and  blue  by  tranimittcd 
**  light,  and  mafly  gold  is  yellow  in  all 
"  pofitions  of  the  eye  ;  there  are  fome 
"  liquors,  as  the  tinfture  of  Lignum  N" 
<*  fbriticHm,     and  fome   forts   of   glafs, 

•^  which 
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Physics,  the  magnitude  of  the  former  pores.  And  in  what  capacity  fi)ever  thefe 
corgufcles  of  a  liquor  come  to  be  lodged  or  harboured  in  fuch  pores,  the 
furtace  of  the  body  will  commonly  have  its  afperity  altered^  and  the  in- 
cident light,  that  meets  with  a  grofler  liquor  m  the  little  cavities  that  be- 
fore contained  nothing  but  air,  or  fome  more  fubtile  fluid,  will  have  its 
rays  either  refrafted,  abforbed,  or  reflefted  more  or  lefs  irregularly  than 
if  the  body  had  been  dry.  Thus  we  fee  that  even  fair  water  falling  on 
white  paper,  linen,  &c.  will,  for  fome  fuch  reafbn  as  thofe  affigned,  im- 
mediately alter  the  colour  of  them,  and  for  the  moft  part  render  it  deeper 
than  that  of  the  unmoillen'd  parts  of  the  fame  bodies.  In  like  manner, 
when,  during  the  fummer,  the  high-ways  are  dry  and  dufty,  if  there  fall 
much  rain,  they  quickly  appear  of  a  darker  colour  than  before.  Thus 
alio  if  a  drop  of  oil  be  let  fall  upon  white  paper,  that  part  of  the  paper 
which  by  imoibing  the  liquor  acquires  a  greater  continuity,  and  £bmc 
tranfparency,  will  appear  much  darker  than  the  reft ;  many  of  the  inci- 
dent rays  ot  light  being  now  tranfmitted,  that  would,  otlierwife,  be  re- 
flefted  to  the  eye. 

Secondly,  a  liquor  may  alter  the  colour  of  a  body,  by  freeing  it  from 
thofe  things  that  prevent  its  appearing  of  its  genuine  colour ;  and  tho' 
this  may  be  faid  to  be  rather  a  reftoration  of  a  body,  or  a  reftitution  of 

"  of  the  reflefted  light  will  be  apt  to  va- 
"  ry  from  that  of  the  light  tranfmitted." 
Newton.  Optic,  p.  1^9^16^. 

This  do£lrine  is  farther  confirmed,  by 
mixing  coloured  light,  (b  as  to  compound 
a  beam  of  light  of  the  fame  colour  and 
nature  with  a  beam  of  the  fun's  dire£l 
light,  and  making  experiments  therein. 
Thus  Sir  Ifaac  Newton  found,  that  fuch 
light  is  endued  with  all  the  properties 
of  a  beam  of  the  fun's  light  ;  natural 
bodies  appearing  in  it  of  the  fame  colours 
they  have  in  day-light.  Thus  cinnabar 
appeared  of  the  fame  red  colour  in  it  as 
it  does  by  day,  and  if  the  green-making 
and  blue^making  rays  were  ftopped,  its 
rednefs  became  more  full  and  lively ; 
but  if  the  red-making  rays  were  inter- 
cepted, it  became  yellow  or  green,  or 
of  fome  other  colour^  according  to  the 
forts  of  rays  which  were  not  inter- 
cepted. So  gold  in  this  light  appears  of 
the  fame  yellow  colour  as  in  day-light ; 
but  by  flopping  a  due  quantity  of  the 
yellow-makmg  rays,  it  appears  white 
like  filver;  which  flicws,  that  its  yellow- 
nefs  arifcs  from  the  exccfs  of  the  inter- 
cepted rays  tinging  that  whitcncfs  with 
their  colours  when  they  are  let  pafs. 
SeeNcwton^Oftic.p.  163 — 157. 
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**  which  tranfmit  one  (brt  of  light  moft 
'*  copioufly,  and  refle&  another  fort, 
'*  and  thereby  look  of  feveral  colours, 
'*  according  to  the  pofition  of  the  eye  to 
"  the  light.  But  if  thefe  liquors  or 
**  glafTes  were  fo  thick  and  mafTy^  that 
no  light  could  get  thro  them,  I  que- 
ftion  not  but  they  would,  like  all  other 
opake  bodies,  appear  of  one  and  the 
fame  colour  in  all  positions  of  the  eye. 
'*  For  all  coloured  bodies,  fo  far  as  my 
**  obfervation  reaches,  may  be  feen  thro, 
*^  if  made  fufficiently  thin,  and  therefore 
are  in  (bmemeafure  tranfparcnt,and  dif- 
fer only  in  degree  of  tranfparency  from 
'*  tinged  and  tranfparent  liquors ;  tnefc  li- 
*<  quors,  as  well  as  thofe  bodies,by  a  fuffi- 
cient  thicknefs  becoming  opake.  A  tranf- 
parent  body,  that  looks  of  any  colour 
Dy  tranfmitted  light,  may  alfo  look  of 
the  fame  colour  by  reflcfted  light,  the 
light  of  that  colour  being  refle&ed  by 
the  farther  furfkce  of  the  body,  or  by 
•*  the  air  beyond  it.  And  then  the  re- 
**  fleded  colour  will  be  diroinifhed,  and 
"  perhaps  ceaie,  by  making  the  body  ve- 
•*  ry  thick,  and  pitching  it  on  the  back- 
••  fide,  to  diminifh  the  reflexion  of  its 
•*  farther  furfacc,  fo  that  the  light  rc- 
"  flefied  from  the  tinging  particles  may 
**  predominate.    In  fuch  cafes  the  colour 
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its  natire  cdoxxr^  than  a  change ;  yet  there  here  happens  a  change  of  the  Physics. 
colour  which  the  body  aflforded  before  this  operation.  And  fuch  a  change 
a  liquor  may  work,either  by  diiTolving  or  corroding,  or  by  ibme  fuch  means 
carrying  off  the  nuttter,  which  either  veiled  or  difguized  the  colour  that 
afterwards  appears.  Thus  we  reftore  old  pieces  of  dirty  gold  to  a  clear 
(hinii^  yellcw,  by  puttine  them  into  the  fire,  and  into  Aqua  firtis^  which 
takes  ott  the  acquired  filth  from  the  metal ;  and  there  is  alfo  an  eafy  way 
to  reftore  filver  coins  to  their  due  luftre,  by  fetching  off  that  which  diico- 
loured  them.  I  have  like  wife  a  chymical  liquor,  which  I  employ  to  reftore 
pieces  of  cloth  fpotted  with  ^eafe,  to  their  proper  colour,  by  imbuing  the 
Ipotted  part  therewith ;  which  incorporating  with  the  greafe,  and  yet  be- 
ing of  a  very  volatile  nature,  eafily  carries  it  away  with  itfelf.  And  I 
have  fbmetimes  try'd,  that  by  rubbing  upon  a  goocl  touchftone  a  certain 
metalline  mixture  lb  compounded,  that  the  impreffion  it  left  upon  the  ftone 
appeared  of  a  very  different  colour  from  that  of  gold  ;  yet  a  little  Aqua 
fonts  would  immediately  make  the  golden  colour  difclofe  itlelf,  by  dif- 
fblving  only  the  other  metalline  corpuicles  that  concealed  thofe  c^  the 
gold. 

Thirdly,  a  liquor  may  alter  the  colour  of  a  body,  by  comminuting  its 
parts  ;  and  principally  after  two  ways  :  Firft,  by  disjoining  and  diffipa- 
ting  thofe  clufters  of  particles  which  ftick  more  loofely  together,  only  by 
means  of  feme  cement  that  is  eafily  diffoluble  ;  and  this  feems  to  be  the  cale 
in  (bme  of  the  following  experiments,  where  the  colour  of  many  corpuf- 
cles  brought  to  cohere,  by  being  ];>recipitated  tc«;ether,  is  deftroyed  by  the 
affiifion  of  very  fliarp  and  piercing  hquors.  Secondly,  By  dividing  the 
grofler  and  more  folid  particles  into  minute  ones,  which  will  be,  for  the 
moft  part,  otherwife  fliaped  than  the  entire  corpuicles  fo  divided ;  as  hap- 
pens m  a  piece  of  wood  reduced  to  fplinters  or  chips,  or  when  a  piece  of 
cryftal  heated  red-hot,  and  quenched  in  cold  water,  cracks  into  a  multi- 
tude of  little  fragments,  which,  tho*  they  do  not  fall  afunder,  alter  the 
dilpofition  of  the  body  of  it,  as  to  its  manner  of  reflefting  the  light. 

There  is  a  fourth  way  oppofite  to  the  third,  whereoy  a  liquor  may 
change  the  colour  of  another  body,  efpecially  a  fluid,  by  procuring  the 
coalition  of  feveral  particles  that  before  lay  fcattered,  and  too  remote  from 
each  other  to  exhibit  the  colour  that  afterwards  appears.  Thus,  when  a 
folution  of  gold  has  been  fo  diluted,  that  I  queftioned  whether  the  K- 

3uor  really  imbibed  any  of  the  metal,  I  have  been  quickly  latisfied  it 
id,  by  pouring  a  little  mercury  Into  it ;  for  the  gold  therein  would  foon 
clothe  the  furface  of  the  quickfilver  with  a  thin  film  of  its  own  livery. 
And  by  this  way  of  bringing  the  minute  parts  of  bodies  together,  in  fuch 
numbers  as  to  make  them  a  fit  objeft  for  the  eye,  many  of  thofe  colours 
fcem  to  be  generated  which  are  produced  by  precipitation  ;  elpecially  if 
made  with  fair  water ;  as  when  r^finous  gums,  dilfolved  in  fpirit  of  wine, 
are  let  fall  again,  if  the  fpirit  be  greatly  diluted  with  that  weakening  li- 
quor. And  thus  out  of  the  reftihed  and  tranfoarent  butter  of  antimony, 
there  will,  by  the  bare  mixture  of  fair  water,  be  plentifully  precipitated 
V0J..U.  D  that 
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Physics,  that  milk-white  fubftance,  which,  by  having  its  loofer  falts  well  wafHe2t 
oft^  is  turned  into  Mercurius  vita. 

A  fifth  way  wherein  a  liquor  may  change  the  colour  of  a  body,  is  by 
diflocating  its  parts,  and  changing  their  order ;  at  the  fame  time,  per- 
haps, alfo  altering  the  pofition  of  the  (ingle  corpufcles,  as  well  as  their 
(ituation  in  refoeA  of  one  another.  What  Ihare  particular  commotions  or 
diflocations  ot  the  parts  of  a  body  may  have  in  changing  its  colour,  is 
evident  from  the  mutations  of  that  quality  obfervable  in  quickfilver,  and 
fome  other  concretes,  long  kept  by  chymifts  in  a  convenient  heat,  tho*  in 
clofe  veflels ;  and  alfo  in  the  obvious  degenerations  thereof  in  bruifed 
cherries,  and  other  fruit :  and  that  fuch  liquors  as  we  have  been  {peak- 
ing of,  may  greatly  difcompofe  the  textures  of  many  bodies,  and  thereby 
alter  the  difpofition  of  their  fuperficial  parts,  the  great  commotion 
made  in  metals  and  other  fubftances  by  Aqua  fortiSj  oU  of  vitriol,  &c. 
eafily  perfuade  us.  And  what  fuch  a  varied  fituation  of  parts  may  do  to- 
wards diverfiiying  the  manner  wherein  they  refledt  the  light,  may  be 
gueffed,  in  fome  meafure,  by  the  pulverization  of  tranfparent  glafs,  which 
thereby  becomes  a  white  powder ;  but  ftill  better,  by  the  experiments  we 
fliall  hereafter  fet  down,  with  relation  to  the  produftion  and  deftruftion  of 
colours  by  fubtile,  faline  liquors.  And  in  fome  diymical  oils,  as  parti- 
cularly in  that  of  lemon-peel,  the  tranfpofition  of  the  parts,  confequent 
upon  bare  concuffion,  will  reprefent  on  the  furfaces  of  the  bubbles  there- 
by occaiioned,  exceeding  lively  colours,  which,  when  the  bubbles  relapfc 
into  the  reft  of  the  oil,  immediately  vanifh.  I  know  not  whether  I  Ihould 
mention,  as  a  diftinft  method,  that  power  whereby  a  liquor  may  alter  the 
colour  of  another  body,  by  putting  the  parts  of  it  into  motion  ;  for  tho*, 
poffibly,  the  motion  fb  produced,  feldom,  of  a  fudden,  changes  the  colour 
of  the  body  whofe  parts  are  agitated  ;  yet  this  feems  to  be  one  of  the  moft 
meral,  tho'  not  immediate  caufes  of  the  quick  change  of  colours  in  bo- 
ies ;  for  the  parts  being  put  into  motion  by  the  adventitious  liquor,  ma- 
ny of  them,  that  were  before  united,  may  be  thereby  disjoined  ;  and 
when  that  motion  ceafes  or  decreafes,  others  of  them  may  ftick  together 
in  a  new  order :  by  which  means  the  motio^  may  fometimes  produce  per- 
manent changes  oi  colours ;  as  in  the  experiment  we  fhall  hereafter  men- 
tion, where  a  fnow-white  body  is  immediately  turned  into  a  yellow,  by 
the  bare  afBifion  of  fair  water.  And  tho  when  you  rub  good  blue  vitriol 
upon  the  clean  blade  of  a  knife,  it  will  not  impart  its  latent  colour  thereto ; 
yet  if  you  moiften  that  fubftance  with  common  water,  the  partacies  of 
the  liquor  disjoining  thofe  of  the  ftone,  and  thereby  giving  them  the  va- 
Z'- :  rious  agitation  requifite  to  fluid  bodies,    the  metalline  corpuftles  of  the 

vitriol  thus  diflblved  will  lodge  themfelves  in  throngs  in  the  unall  pores  of 
the  iron,  and  give  the  furface  of  it  the  genuine  colour  of  copper. 

Laftly,  The  moft  important  way,  by  which  a  liquor  ipay  alter  the  co- 
lour of  another  body,  is  by  aflbciating  the  laline,  or  other  more  rigid  cor- 
pufcles of  the  liquor,  witn  the  particles  of  the  body  whereon  it  is  em- 
ployed to  work.    For  thefe  adventitious  corpufcles  uniting  with  the  pro- 
tuberant 
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tuberant  particles  of  the  furface  of  a  coloured  fubftance,  miift  neceflari-  Phys  ics. 
ly  alter  their  bignefs,  and  moft  commonlv  their  fliapc.  And  that  the  co-  '  ^^ 
lours  of  bodies  greatly  depend  upon  theoulk  and  ngure  of  their  fuperfi- 
cial  particles^  &ems  probable,  fince  many  ancient  and  modem  philofo- 
phers  have  thought,  that  all  colours  might,  in  the  general,  be  accounted 
for  from  them  alone.  The  diverfification  hereof  wi^  in  our  cafe,  be  at- 
tended with  thefe  two  circumftances ;  the  one,  that  the  protuberant  par- 
ticles being  increafed  in  bulk,  muft  often  be  varied  as  to  the  clofenels  or 
laxity  of  their  order  ;  fewer  of  them  being  contained  within  .the  fame 
fenfible  fpace  than  before ;  or  elfe,  by  approaching  one  another,  they 
muft  flreighten  the  pores  ;  and  perhaps  too  oy  the  manner  of  their  aflb- 
ciating  themfelves  with  the  protuberant  particles,  intercept  new  pores. 
And  thus,  alfo,  thefe  adventitious  corpufdes  may  produce  a  great  change, 
as  well  in  the  little  cavities,  as  in  the  protuberances  of  a  coloured  body  ; 
for  they  may  likewife,by  lodging  themfelves  in  thofe  little  cavities,fill  them 
up ;  and  it  may  eafily  happen,  that  they  (hall  not  only  fill  the  pores  they 
infinuate  themfelves  mto,  but  have  their  upper  parts  extant  above  them : 
and  partly  by  fuch  new  protuberances,  partly  by  increafing  the  bulk  of 
the  former,  thefe  extraneous  corpufcles  may  much  alter  the  number  and 
bignefs  of  the  fupcrficial  pores,  changing  the  old  ones,  and  intercepting 
new ;  and  very  probably  the  order  of  the  little  extancies,  and  confequent- 
ly  that  of  the  little  depreffions,  in  point  of  fituation  will  be  altered  like- 
wife.  Thus  if  you  diflblve  quickfilver  in  fome  kinds  of  Aqua  firtis,  the 
faline  particles  of  the  menfmium  aflbciating  themfelves  with  the  mercu- 
rial globules,  will  ma)ce  a  green  folution,  which  afterwards  eafily  dece- 
nerates  ;  and  red  lead,  diffolved  in  fpirit  of  vinegar,  yields  a  clear  folu- 
tion, the  rednefs  of  the  lead  being  deftroyed  by  tne  liquor.  But  a  better 
infbnce  is  afforded  from  copper  ;  for  I  have  try'd,  that  if  upon  a  copper 
plate  you  let  fome  drops  of^  weak  Aqua  fonts  reft  for  a  while,  the  cor- 
pufcles of  the  menftruum  joining  with  thofe  of  the  metal,  will  produce 
a  very  fenfible  afperity  upon  the  furface  of  the  plate,  and  thence  coagu- 
late into  very  minute  grains  of  a  pale  blue  vitriol ;  tho',  if  upon  another 
part  of  the  fame  plate  you  fliflfer  a  little  ftrong  fpirit  of  urine  to  remain 
for  a  competent  time,  the  rough  furface  will  be  adorned  with  a  deeper 
and  richer  blue.  And  the  fame  Aqua  fortiSy  that  fuddenly  changes  the  red- 
nefs of  minium  into  a  darker  colour,  will,  being  put  upon  crude  lead, 
produce  a  whitiih  fubftance,as  with  copper  it  did  a  bluij(h,and  as  with  iron 
It  gives  a  reddiih,  and  on  white  quills  a  yellowifh  colour  :  fo  much  may 
the  coalition  of  the  parts  of  the  fame  liquor,  with  the  differently  figured 
particles  of  folid  bodies  feveral  ways  turn  the  differingly  difpofed  furfa- 
ces  roueh,  and  diverfify  the  colour  of  thofe  bodies.  And  'twill  be  eafily 
believed,  that  in  many  changes  of  colour,  which  happen  upon  the  diflblu- 
tions  of  metals,  and  precipitations  made  with  oil  of  taitar,  &c.  a  coa- 
lition of  faline  corpulcles  may  be  made  with  the  particles  of  the  body 
diffolved  or  precipitated  ;  if  we  confider  how  much  the  vitriol  of  a  metal 
may  be  heavier  than  the  pure  metalline  part  thereof^  upon  account  of  the 
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Physics,  fkline  parts  coagulated  therewith  ;    and  that  in  feveral  precipitations  the 
K^^T^J  weight  of  the  calx,  for  the  fame  reafon^  much  exceeds  that  of  the  metal 
when  it  was  firft  expofed  to  be  diflolved. 

But  I  am  not  aiming  to  eftablifh  a  particular  theory  of  colours,   only 
defign  to  offer  fbme  experiments  and  obfervations  on  the  fubjeft  of  them. 
I  (hall,  therefore,  add  but  two  particulars  more,  with  relation  to  the  forms 
of  fuperficial  afperity  in  coloured  bodies.    And  firft,  I  fay,  that  there  are 
many  other  means  whereby  true  and  permanent  colours  may  be  produced 
in  bodies,  befides  thofe  prafHcable  by  the  help  of  liquors ;    for  proof 
whereof  feveral  examples  might  be   alledged ;    but  I  need  only  refer 
to  what  we  have  already  obferved  of  the  change  of  colours  fudden- 
ly  made  on  tempered  fteel  and  lead,    by  the  operation  of  heat,  without 
the  interpofition  of  a  liquor.    Secondly,  I  obferve,  what  is  of  more  im- 
portance to  our  prefent  fubjeft,  that  tho*  nature  and  art  may,  in  fome 
cafes,  fo  change  the  afperity  of  the  fuperficial  parts  of  a  body,  as  to  al- 
ter it$  colour  by  any  oi  the  mentioned  ways  a-part,  yet  'tis  generally  by 
#  two  or  three,  or  perhaps  by  more  of  them  tc^ther,    that  the  eflfeA  is 
produced  j  and  it  it  be  confidered  how  varioufly  thofe  feveral  ways,  with 
others  of  the  like  nature,  may  be  compounded  and  applied,    it  will  not 
appear  iurprizing,  that  fuch  £ruitful  principles  Ihould  be  fitted  to  change 
or  generate  many  differing  colours. 
WhAtfiJiu-     Hitherto  we  have  confidered  the  little  protuberances,  or  other  fuper- 
^^t'^     ficial  particles  which  conftitute the  roughnefs  of  bodies,  as  if  we  toot  it 
for  granted  that  they  muft  be  perfectly  opake,  and  impenetrable  to  the 
rays  of  light,  and  u>  contribute  to  the  variety  of  colours,   as  they  ftop 
more  or  lefs  thereof,  and  refleft  them  to  the  eye  particularly  mixed  with 
more  or  lefs  of  (hade.    I  have  often  thought  it  worth  a  ferious  inquir 
xy,  whether  or  no  particles  of  matter,  each  of  them  fingly  infenfible,  may 
not  yet  feparately  confift  of  many  minuter  particles,    betwixt  which  we 
may  conceive  little  junftures,  wnere  they  adhere  to  one  another,  in  fome 
degree  pervious  to  the  prodigioufly  fubtile  corpufcles  of  the  rays  of  light ; 
whence  confequently  thofe  particles  would,infuch  a  degree,be  diaphanous^ 
For  as  perfeftly  opake  bodies  can  only  refleft  the  incident  rays  of  light,thofe 
that  are  diaphanous  refraft  *  them  too ;  and  that  refraftion  has  a  great 
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*  Rcfrangibility  of  the  rays  of  Kght  id 
their  difpolition  to  be  turned  out  of  their 
WHY,  in  paflins  out  of  one  tranfparent 
body  into  anotner ;  reflexibUity,  their 
difpiofition  to  be  turned  back  into  the 
fame  medium  from  the  furface  of  any  o- 
ther.  Swlfaac  Ntwton  firft  fhewed  the 
precife  ditterence  between  them,  in  the 
PbUc/ifh'ical  Trapfaaions,li^.  80.  J.D.  1671. 
and  in  feveral  fubfequent  pieces  which 


obje&ions  made  againfi:  it,  that  his 
opponents,  and  particularly  F.  Fardies^ 
in^enuouCly  acknowledged  themfelves 
fatisfied  with  it.  At  length  Sir  Ifaac  pubr 
liQied  his  doflrinc  more  fully,  in  his 
excellent  treat ifc  of  the  refieHions^  r«* 
fraffiorts^  infeaions^  ar:d  cchurs  of  light  ; 
wherein  he  confirms  it  by  numerous  ex- 
periments, made  with  the  utmoft  fimpli- 
city,  and  plainnefs.    Herein  he  (hews  that 


occur   in    the  fame  TVan/aaions,    fo    far  I  the  colours   of  light   prodiKcd    by  the 
vindicated   his  difcovery    from   feveral*  prifm^  and  alfo  thofe  xeAeStcd  from  opake 
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hand  m  the  produftion  of  colours,  appears  from  light  pafling  thro'  drops  of  Phtsjcs. 
water,  which  exhibits  a  rain-bow;  thro*  prifmatic  clafTes,  and  many  other  V  "^ 
tranfparent  bodies.  And  I  find,  that  m  a  darbied  room,  where  the 
light  is- permitted  to  enter  but  at  one  hole,  the  little  floating  particles  of 
duft,  commonly  called  motes,  being  viewed  by  an  eye  placed  on  one  fide 
of  the  beam  ol  light,  appear  in  certain  pofitions  adorned  with  very  vivid 
colours,  like  thofe  o£  the  rain-bow,  or  rather  like  thofe  of  very  minute 
^arkUng  fragments  of.  diamonds  ;  and  that  as  ibon  as  their  motion  has 
brought  them  to  an  inconvenient  pofition  in  regard  to  the  light  and  the 
eye,  they  are  only  yifible,  without  aflfordine  any  lively  colours :  which 
feems.  to  argue,  that  this  duft,  or  minute  Iraements  of  feveral  forts  of 
bodies  reputed  opake,  and  only  crumbled  into  auft,  do  not  barely  refleft 
the  rays  that  fall  upon  them,  but  refleft  them  to  the  eye  refrafted. 

We  may  alfo  obferve,  that  feveral  bodies,  which  pais  for  opake^  appear 
in  great  meafure  tranfparent,  when  reduced  into  thin  parts^  and  neld 
againft  a  ftrong  light.    This  I  have  not  only  taken  notice  of  in  pieces  of 
ivory  reduced  to  thickifli  leaves,  in  many  confiderable  thick  (helb  of  fiflf , 
and  in  fhavings  of  wood ;  but  have  alfo  found,  that  a  piece  of  ^  very  thick 
deal  purpofoly  interposed  betwixt  my  eyeandthe  dear  day-light,  appeared . 
quite  thorough  of  a  lovely  red..    And  in  the  darkned  room  above-men- 
tioned^ bodies  held  againft  the  hole  at  which  thelight  enterM,  appeared . 
far  lefs  opake  than  they  would  elfewhere-have  done:  fo  that  L could 
eafily  and  plainly  fee,  thro*  the  whole  thicknefs  of  my  hand,  the  motions  of  ' 
a  body  placed  at  a  very  fmall  diftance  beyond  it.     And  even  in  minerals, 
die  opacity  is  not  always  fo  exceeding  great,  if  the  body  be  made  thin  ; . 
for  white  marble,  tho*  of  a  pretty  thicknefs,  being  within  a  due  diftance 
pkced  betwixt  the  eye  and  a  convenient  l^t,  win  futfer  the-  motions  of 
one*s  finger  to  be  well  difcern'd  through  it;  andfo  will  thick  pieces  of^ 
many  common  flints.    But,  above  all,  that  inftance  afforded  us  by  Mufcovf 
glafs  is  remarkable ;  for  tho*  plates  of  this  mineral  of  a  moderate  thick- 
nefs often  appear  opake,  yet  if  one  of  thefe  be  dexteroufly  fplit  into  the 
thinneft  leaves.  *tis  made  up  of,  it  will  yield  fucb  a  numbo*  of  them,  as  . 
foarce    any  thing  but  experience  could .  have  induced  me    to,  believe. 
Thefe  leaves  afford  the  moft  tranfparent  fort  of  folid  bodies  that,  for 
ought  J  have  obferved,  are  yet  known  s  and  a  fingle  plate  of  it  will  be  fo 


bodies,  hftvc  diArent  dc^ees  both  of  re- 
flexibility  and  refi-tngibility  ;  and  that 
the  mixture  of  all- the  coloured  ravs,  in- 
to which  the  fun's  light  is  thrown  oy  the 
prifm,  makes  white  ught ;  and  therefore, 
that  all  homogeneal  light,  that  is,  tight 
whofe  rays  are  all  alike  refrangible,  have 
a  peculiar  colour  anfwering  to  their  de- 
gree of  refrangibilitv  ;  that  this  is  un- 
alterable by  any  farther  rcfleQions  or  rc- 
frafiions  whatever ;  that  the  fun's  light  h 
obrapofed  t)f'ali  the  primary  colours  to* 


gether ;  and  that  compound  colours  prot 
ceed  from  a  mixture  of  the  primary.. 
Hence  it  follows,  that  no  colours  cao 
arife  from  any  new  modificatioBS  of: 
light.  But  Sir  Ifaac  is  of  opinion,  that 
the  permanent  colours  of  bodies  are  owr 
ing  to  the  difpofition  of  them  to  reiie£t 
feme  one  fort  of  rays,  as  red,  blue^  9fc. 
more  plentifully  than  others.  Hence 
red  bcHdies  appear  moft  beautiful  in  red. 
Kgbt,  blue  bodies  in^  blue  light,  &(• 
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Physics,  fer  from  being  opake,  that  'tis  fcarce  fb  much  as  vifible.  And  multitudes 
'  of  bodies  there  are,  whofe  fragments  feem  opake  to  the  naked  eye, 
which  yet,  when  included  in  good  microfcopes,  appear  tranfparent.  On 
the  other  ha  nd,  there  may,  perhaps,  be  fome  bodies,  whofe  minute  par- 
ticles, even  in  an  excellent  microfcope,  will  not  appear  diaphanous.  For 
upon  viewing,  by  the  help  of  a  good  ghfs,  mercury  precipitated  per  fe, 
the  little  granules  that  made  up  the  powder,  appeared  like  little  fnagments 
of  coral  beheld  at  a  diftance,  with  the  naked  eye.  Filings  of  fteel  like- 
wife,  and  copper,  tho'  viewed  in  an  excellent  microfcope,  on  a  fair  day, 
Ihow'd  like  pretty  large  fragments  of  thofe  metals,  and  appearM  con- 
fiderably  bright  on  fome  of  their  furfaces  ,•  yet  I  was  not  fatisfyM  that  I 
perceived  reflexions  from  the  inner  parts  of  any  of  them.  Nay,  looking 
thro'  my  befl  microfcope  upon  the  red  calx  of  lead,  neither  I,  nor  any  to 
whom  I  fhew'd  it,  could  difcern  it  to  be  other  than  opake,  tho'  the  day  was 
clear,  and  the  objeft  fbx)ngly  enlightened.  And  even  calcined  vitriol,  tho' 
deeply  red,  appeared  in  the  fame  microfcope  like  coarfe  brick-dufL  Nor 
would  I  be  forward  to  determine  how  far,  or  in  what  cafes  the  tranfpa- 
rency  or  femi-diaphaneity  of  the  fuperficial  corpufcles  o£  larger  bodies 
may  have  an  intereft  in  the  production  of  their  colours ;  efpecially  fince 
even  in  feveral  white  fubftances,  as  beaten  glafs,  fnow,  and  fix)th,  where  it 
feems  manifefl  that  the  fuperficial  parts  are  fingly  diaphanous,  we  fee  no 
fuch  variety  of  colours  as  is  ufual  from  the  ren^ftion  of  light  in  thofe 
bodies,  when  by  their  bignefs,  ihape,  &c.  they  are  properly  qualified  to 
.exhibit  the  colours  of  the  rain-bow  and  prifmatic  glafs  f . 

By 

'*  by  evtcuAting  their  pores,  or  feparating 
**  their  parts,  be  render'd  fufficicntly  o- 
**  pake ;  as  Salts,  or  wet  paper,  or  the 
**  QchIhs  mmndi  doae,  by  being  dried ; 
**  horn,  by  being  fcraped ;  glafs,  by  being 
**  reduced  to  powder,  or  otherwife, 
**  flaw'd ;  turpentine,  by  bein^  ftirred 
'*  about  with  water,  till  they  mix  imper- 
fefily  ;  and  water,  by  being  form'd 
into  many  fmali  bubbles,  either  alone, 
'*  in  the  form  of  froth,  or  by  (hakmg  it 
**  together  with  oil  of  turpentine,  or  oil 
'*  oh?e,  or  with  fome  otner  convenient 
**  liquor,  wherewith  it  will  not  perfe&ly 
*'  incorporate.  And  to  the  incrcafe  of 
**  the  opacity  of  thefe  bodies,  it  condu* 
'*  ces  fomething,  that  the  reflexions  of 
'*  very  thin,  tranfparent  fubftances  are 
*'  confiderably  ftronger  than  thofe  made 
'<  by  the  fame  fubftances  of  a  greater 
<*  thicknefs.**    Newton.  Optic,  p.  223,  224. 

Sir  Ifaac  Newton  farther  obferves,  that 
thejparu  of  bodies,  and  their  intcrftices, 
mutt  not  be  left  than  of  fome  definite 
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t  For  a  clear  account  of  opacity  and 
cranlbarency,  let  us  hear  the  excellent 
Sir  jf.Ne^oton.  The  opacity  of  bodies  pro- 
ceeds (according  to  that  gT^t  Philofopher) 
from  the  multitude  of  rdRedions  cauied  in 
their  internal  parts,  by  a  difcontinuity  of 
them ;  for  **  between  the  pans  of  opake 
**  and  coloured  bodies  are  many  ipaces, 
V  eitl^fer  empty,  or  replenilhed  with  me- 
*'  diumsof  other  denfities.— And  that  this 
'*  difcontinuity  of  parts  is  the  principal 
**  caufe  of  the  opacity  of  bodies,  app^rs 
**  from  confidering,  that  opake  fubnances 
'*  become  tranfparent  by  filling  their  pores 
**  with  any  fubftance  or  nearly  equal  den- 
'*  fitywith  their  parts.  Thus  paper  dipt  in 
**  water  or  oil,   the   Oeulus  mundi  none 
**  fteeped  in  water,  linen  cloth  oil'd  or 
**  varnilh'd,  and   many  other  fubftances 
**  foaked  in   fuch   licjuors  as  will  inti- 
**  mately  pervudc  their  little  pores,  be- 
**  come,  by  that  means,  more  tranfparent 
**  than  otherwife:  fo,  on  the  contrary, 
[\  the  moft  tranfparent  fubftances  may, 
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By  what  has  hitherto  been  delivered  we  may  be  aflifted  to  judge  of  Physics. 
diat  &mous  controvcrfy  anciently  held,  betwixt  the  atomifts  on  one  fide,  ^Sjj][^^^^ 
and  moft  other  philofbphers  on  the  other  fide ;  the  former  denying  bodies  mm  obimi  u 
to  be  coloural  in  the  dark,  and  the  latter  maintaining  colour  to  be  an  in-***  ^^' 
herent  quality,  as  well  as  figure,  hardnefs,  weight,  O^c.   For,  if  colour  be 
only  light  modify M,  how  can  it  fubfift  in  the  dark  ?    But  if  colour  be 
confidered  as  a  certain  conftant  difpofition  of  the  fuperficial  parts  of  the 
objeft,  to  difbrder  the  light  they  refleft  after  a  determinate  manner ;  as 
this  modifying  difpofition  perfeveres  in  the  objeft,  whether  it  be  en- 
lightened or  not,  there  feems  no  juft  reafon  to  deny,  that,  in  this  fenfc, 
bodies  retain  their  colour  as  well  in  the  night  as  in  the  day.    Or  it  may, 
upon  this  fuppofition,    be  otherwife  iaid,   that  bodies  are  potentially 
coloured  in  the  dark,  and  adhially  coloured  in  the  light. 

But  'tis  of  greater  moment  in  the  inquiry  into  the  nature  of  colours,  ifMWr  iw^ 
to  decide  that  controverfy,  whether  thofe  of  the  rain-bow ;  thofe  often  Jj^^^JJIJIII J|! 
feen  in  clouds  before  the  rifing,  or  after  the  fetting  of  the  fun ;  and,  7  r 
in  a  word,  whether  thofe  other  colours,  ufually  called  emphatical,  ought 
to  be  accounted  true  :  for  it  being  generally  granted,  and  may  eafily  be 
proved,  that  emphatical  colours  are  light  mocmyM  cluefly  by  refraftions, 

with 


bignefs  to  render  them  opake  and  colour- 
ed ;  **  for  the  opakeft  bodies,  if  their 
**  parts  be  fubtily  divided,  become  per- 
**  fcBtly  tranlparent.  Thus  water,  lalt, 
^  glaft,  fiones,  and  (uch  like  lubfiances, 
**  arc  traufparent ;  for,  upon  divers  con- 
'*  fiderations,  they  (eem  to  be  as  full  of 
''  pores  or  ioterfiices  between  their  pans 
**  as  other  bodies  are ;  but  yet  their  parts 
*'  and  interftices  feem  to  be  too  fmall  to 
'*  caufe  reflexions  in  their  common  furfa- 
••  cefc'"    Nevrttm*  Optic,  p.  125. 

**  The  tranfparent  part  of  bodies,  lays 
**  Sir  Ifaac  Nnvun^  according  to  their  feve- 
*'  ral  fixes,  refleQ  rays  of  one  colour,  and 
**  tranfmit  thofe  of  another,  on  the  lame 
**  grounds  that  thin  plates  or  bubbles  do 
*' refled  or  tranfmit  thofe  rays;*'  and  this 
Sir  Ifaac  takes  to  be  the  ground  of  all 
their  colours :  **  for  if,  fays  lie,  a  thinned 
**  or  plated  body,  which  being  of  an  even 
**  tbicknefs,  appears  all  over  of  one  uni- 
*'  form  colour,  ihould  be  flit  into  threads, 
**  or  broken  into  fragments,  I  fee  no  rea- 
••  fon  why  every  tnread  or  fragment 
**  fhould  not  keep  its  colour ;  and,  by  con- 
**  iequence,  why  a  heap  of  thofe  threads 
**  or  fragments,  Ihould  not  conflitute  a 
*•  mafs  or  powder  of  the  fame  colour 
^  which  the  plate  exhibit^  before  it  was 


**  broken.  And  the  PAits  of  all  natural 
**  bodies  being  like  fo  many  fragn^ents  of 
**  a  plate,  mult,  on  the  lame  grounds,  ex* 
**  hibit  the  fame  colour.  Now  that  they 
'*  do  fo,  will. appear  by  the  affinity  of 
**  their  properties.  The  finely  coloured 
**  feathers  of  fome  birds,  and  particularly 
**  thofe  of  peacocks  tails,  do,  in  the  very 
*'  fame  part  of  the  feather,  appear  of  fe- 
<*  veral  colours  in  feveral  pofitions  of  the 
**  eye,  after  the  very  fame  manner  that 
*<  thin  plates  do.  And  therefore  their  co- 
<*  lours  arife  irom  the  thinnefs  of  the 
<*  tranfparent  parts  of  the  feathers;  that 
**  is,  from  the  flendernefs  of  the  very  fine 
**  hairs,  or  CafillamentA^  which  grow  out 
<*  of  the  fides  of  the  groffer  lateral  branches 
«*  or  fibres  of  thofe  feathers.  And  to  the 
**  fame  purpofe  it  is,  that  the  webs  of 
<*  fome  fpiders,  by  being  fpun  very  fine, 
**  have  appeared  coloured ;  and  that  the 
«<  coloured  fibres  of  fome  filks,  by  varying 
"  the  pofition  of  the  eye,  do  vary  tncir 
'*  colour.  Alfo  the  colours  of  filks,  cloths^ 
•*  and  other  lubftances  which  water  or 
**  oil  can  intimateljr  penetrate,  become 
"  more  faint  and  obfcure,  by  being  imr- 
<*  merled  in  thofe  liquors,  and  recover 
*'  their  vigor  again,  bv  being  dried  after 
**  the  manner  oi  ttun  bodies.    Leaf-gold, 
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^Phtsics.  "With  the  concurrence  fometimes  of  reflections,  and  perhaps  other  acci- 
^  dents  depending  on  them  both ;  if  thefe  emphatical  colours  be  refolved 
genuine,  it  will  feem  to  follow,  that  colours,  or  at  leaft  many  of  them^ 
are  but  diverfify'd  light,  and  not  fuch  real  and  inherent  qualities  as  men 
commonly  fuppofe. 

Now  lince  we  allow  echoes,  and  other  founds  of  bodies,  to  be  true 
founds,  all  their  odours  to  be  true  odours,  and  in  fhort,  other  fenfible  qua- 
lities to  be  true,  becaufe  they  are  the  proper  objeAs  of  fbme  of  our 
fenfes ;  I  fee  not  why  emphatical  colours,  being  the  proper  and  pecu- 
liar objcdls  of  the  oigan  of  fight,  and  capable  to  aflfedl  it  as  truly  and  as 
powerfully  as  other  colours,  ihould  be  reputed  imaginary.  And  if  we 
have  proved,  that  colour,  when  taken  in  its  more  proper  ienfe,  is  only 
modify *d  light,  there  will  be  little  reafon  to  deny,  tnat  thefe  are  true 
colours,  wmch  more  inanifeftly  than  otheirs  fhew  themfelves  to  be  pro- 
duced by  the  diveriifications  of  light.  There  is  indeed  a  difference 
taken  notice  of  betwixt  thefe  apparent  colours,  and  thofe  that  are  ufu- 
ally  efleemed  genuine,  as  to  their  duration  ;  which  has  induced  fbme 
learned  men  to  call  the  former  rather  evanid  than  fantaftical.  But,  as 
Gajfendus  obferves,  if  this  way  of  arguing  were  true,  the  greennefs  of  a 
leaf  ought  to  pafs  for  apparent^  becau^  foon  fading  into  a  yellow,  it  cannot 


'*  fome  '•forti  of  painted  gUfs,  the  infiifion 
'*  of  Ugntan  NmriticMm^  and  fome  other 
**  {ubtfauices,rene&  one  colour,  and  tranf- 
*^  nit  another,  like  thin  bodies  alfo.    And 
*'  Ibme  of  tliofe  coloured  powders  which 
*'  painters  ufe,  may  have  their  colours  a 
*'  little  changed,   oy  being  very  elabo- 
**  rately  and  hnely  ground.    Where  I  fee 
^*  not  what  can  be  juftly  pretended  for 
**  thofe    changes,  befides    the   breaking 
'*  of  their  parts  into  lefs  parts,  by    that 
**  contrition,  after  the  fame  manner  that 
'*  the  colour  of  a  thin  plate  is  changed, 
*'  by  varying  its  thicknefs  :    for   which 
*'  reafon  alfo  it  is,  that  the  coloured  flow- 
'*  ers  of  plants  and  vegetables,  by  being 
**  bruifed,  ufually  become  more  tranfpa- 
"  rent  than  before;   or  at  leaft 'in  fome 
'*  degree  or  other  change  their  colours. 
**  And   thus,  by  mixing  various  liquors, 
<*  very  odd  ana  remarkable   produaions 
**  and  changes  of  colours  may  be  efiedcd, 
*'  of  which  BO  caufe  can  be  more  obvious 
**  and  rational,  than  that  the  (aline  cor- 
^Vpufcles  6f  one  liquor  do  varioufly  aO: 
"  upon,  or  unite  with,  the  tinging  cor- 
**  pufcles  of  another,  fb  as  to  make  them 
••  fwell  or  fliriiik,  (whereby  not  only 
<*  their  bulk,  but  their  denfity  alfo  may 
^  be  changed)  or  to  divide  them  into 


^*  fmaller  corpufdes,  (whereby  a  coloured 

*^  liquor  may   become  tranfparent)  cr  to 

'^make  many  of  them  aflbciate  into  one 

"  clufter,   whereby  two    tranfparent   li- 

*<  quors   may  compole  a  coloured  one. 

•*  For  we  fee  how  apt  thofe  faline  hien- 

**  ftrua  arc  to  penetrate  and  diffolve  fub- 

*^  ftances  to  which  they  are  applied  ;  and 

•*  (bme  of  them  to  precipitate  what  others 

**  diflblve.    In  like  manner,  if  wc  cond- 

**  der   the  various  phenomena  of  the  at- 

**  mofphcre,  we  may  obferve,  that  when 

*^  vapours  arc  firft  raifed,  they  hinder  not 

*'  the  tranfparency  of  the  air  ;  being  di- 

**  vided  into  parts  too  fmall  to  caufe  any 

**  reflexion    m   their    fuperficies.      But 

*•  when,  in   order   to  compofe  drops  of 

^*  rain,  they  begin  to  coalelce,  and  confti- 

^*  tute  globules  of  all  intermediate  fixes, 

**  thofe  globules,  when  they  become  of  a 

**  convenient  fize  to  refle6^  feme  colours, 

**  and    tranfmit    orhers,   may    conftitute 

**  clouds  of  various  colours,  according  to 

**  their  (izes.    And  I  fee  not  what  can  be 

'*  rationally  conceived  in   fo  tranfparent 

**  a  fubftance  as  water,  for  the  produQion 

*^  of  thefe  colours,  hefides  the  various  fizes 

**  of  its  fluid  and  globular  parcels.'*  NewtM^ 

Optic,  p.  226—- 220* 


be 
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be  compared,  in  point  of  duration,  with  the  greennefs  of  an  emerald.  Physics. 
But  if  the  fun-beams  pafs  in  a  convenient  manner  thro*  a  glafs  prifm,  fo  ^  ^^ 
as  to  be  thrown  upon  ibme  well  fhaded  obje^,  within  a  room  ;  the  rain- 
bow thereby  painted  on  the  furface  of  a  body  that  terminates  the  ray s^ 
may  often  laft  longer  than  fome  colours  I  have  produced  in  certain  bodies : 
which  colours  would  juftly,  and  without  fcruple,  be  accounted  genuine^ 
tho*  they  fiiddenly  degenerate^  and  lofe  their  nature. 

A  greater  difparity  betwixt  emphatical  colours^  and  others^  may,  per- 
haps, be  urged ;  becaufe  genuine  colours  feem  to  be  produced  in  opakc 
bodies,  by  refleAion ;  but  apparent  ones,  in  diaphanous  bodies,  princi- 
pally, by  refraction  ;  for,  in  fome  cafes,  reflexion,  alfo,  may  concur. 
ISut  ftill  this  feems  not  to  prove,  that  thefe  latter  colours  are  falfe  ones ; 
nor  mud  what  we  lately  faid  of  the  differences  of  true  and  apparent  co- 
lours, be  underftood  in  too  unlimited  a  fenfe :  for  if  water  be  agitated 
into  froth,  it  exhibits  a  white  colour,  which  it  foon  after  lofes  upon  the 
refolution  of  the^ubbles  into  air  and  water ;  in  which  cafe,  the  whitenefs 
of  the  froth  is  ^her  a  true  colour,  or  not.  If  it  be  true,  then  true  colours, 
fuppofing  thjK  water  pure,  may  prove  as  (hort-livcd  as  thofe  of  the  rain- 
bow I  and  phe  matter  wherein  the  whitenefs  rdi4'ed>  m^y,  in  a  fe\v  mo- 
ments, be  perfedly  deprived  of  it.  Befides,  even  diaphanous  bodies 
may  be  capiible  of  exhibiting  true  colours,  by  refleftion ;  tor  that  white- 
nefs is  fo  produced,  will  £only  appear.  But  if  it  be  faid,  that  the 
whitenefs  of  froth  is  an  emphatical  colour ;  then  it  muft  no  longer  be 
laid,  that  fantaflical  colours  require  a  certain  poiition  of  the  illuminating 
body  and  the  eye  ;  and  mufl:  be  varied  or  deflroyed  by  the  change  there- 
of: for  froth  appears  white,  whether  the  fun  be  rifing  or  fetting  ;  in  the 
meridian,  or  any  where  between  that  and  the  horizon ;  and  in  what  part 
foever  the  fpeftator's  eye  is  placed.  And  fince,  by  making  a  liquor  tena- 
cious, without  deftroying  its  tranfparency,  or  flaming  it  with  any  colour, 
we  can  give  the  little  films  whereor  the  bubbles  confift,  fuch  a  texture  as 
will  make  the  froth  laft  for  many  hours,  or  days,  together ;  it  fecms  im- 
proper to  aflign  duration  for  the  diftinguiftiing  charafter  of  genuine 
fi-om  fantaftic  colours :  for  fuch  froth  may  long  out-laft  the  true  colours 
of  fome  natural  produftions.  Thus  in  that  gaudy  plant,  the  marvel  of 
Pertly  the  flowers  often  fade  on  the  very  fame  day  they  are  blown.  And  I 
have  often  feen  a  Virginia  flower,  which  ufually  withers  within  the  com- 
pafs  of  a  day.  I  am  alfo  credibly  informed,  that  a  curious  neighbouring 
botanift  has  a  plant  whofc  flowers  perifh  in  about  an  hour's  time. 

But  if  the  whitenefs  of  water,  tvurn'd  into  froth,  muft  therefore  be  re- 
puted emphatical,  becaufe  it  appears  not  that  the  nature  of  the  body,  but 
only  that  the  difpofition  of  its  parts,  with  regard  to  the  incident  light,  is 
changed,-  why  may  not  that  whitenefs  be  accounted  emphatical  too, 
which  I  fhall  fhortly  (hew  to  be  producible,  barely  by  fuch  another  change 
in  black  horn  ?  And  yet  this  whitenefs,  which  is  fo  eafily  acquired,  feems 
to  be  as  truly  its  colour  as  blacknefs  was  before ;  and  is,  at  leaft,  more 
permanent  than. the  greennefs  of  leaves,  the  rednefs  of  rofes,  or  the  ge- 
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PhtjicJ.  nuihe  cotbul'sof  moft  natural  produftions.    It  may,  indeed,  be  further 
objected,  that,  acccording  as  the  fun  or  other  luminous  body  changes 
place,  thefe  emphatical  colours  alter,  or  vanifh.    If  a  piece  of  cloth,  in  a 
draper's  fliop,  where  the  light  is  feldom  primary,  be  varioufly  folded,  it 
will  appear  of  different  colours,  as  the  parts  happen  to  be  more  illumina- 
ted or  fliaded  ;  and  if  you  ftretch  it  flat,  it  will  commonly  exhibit  Ibme 
one  uniform  cclour ;    yet  thefe  Ytre  not  reputed   emphatical :   fo  that 
the  difference  feems  to  be  chiefly  this,  that  in  the  cafe  of  the  rain-bow, 
and  the  like,  the  pofition  of  the  illuminating  body  varies  the  colour ;  and, 
in  cloth,  the  pofition  of  the  object  does  it.    Yet  I  am  not  forward  to  al- 
low, that  in  all  cafes  the  apparition  of  emphatical  colours  requires  a  de- 
terminate pofition  of  the  eye ;    for  if  men  will  have  the  whitenefs  of 
froth  emphatical,  we  have  already  feen  what  may  be  inferred  from  thence. 
Befides,   the  fun- beams  tranfmitted  thro*  a  triangular  prifm  of  glafs, 
after  the  manner  lately  mentioned,  will,  upon  the  body  that  terminates 
them,  paint  a  rain-bow,  vifible  to  the  eye,  whether  placed  on  the  right 
hand  of  it,  or  on  the  left  i  above  it,  or  beneath  it ;  before  it,  or  behmd 
it :  and  tho'  there  may  appear  fome  little  variation  in  the  colours  of  the 
rain-bow,  beheld  from  diflerent  parts  of  the  room  ;  yet  the  like  may  be 
obferVed  by  an  attentive  eye,  in  real  colours,  viewed  under  the  like  cir- 
cumftances.    Nor  will  it  follow,  that,  becaufe  there  remain  no  foot- 
fteps  of  the  colour  upon  the  objeft,  when  the  prifm  is  removed,  that 
therefore  the  colour  was  not  real ;  fince  the  light  was  truly  modify \i  by 
the  refraftion  *  and  refleftion  it  fuflered  in  pafllng  thro*  the  prifm :  and 
the  objeft,  irt  our  cafe,  ferved  as  a  fpcculum  to  refleft  that  colour  to  the 
eye.    For  a  rough  and  coloured  objeft  may  ferve  jfor  a  (peculum  to  re- 
fleft  the  artificial  rain-bow  we  fpeak  of;    fince,  in  darkned  rooms, 
a  wall,  conveniently  fituated  within,  will  fo  refleft  the  colours  of  bo- 
dies external  to  the  room,  that  they  may  very  clearly  be  difcern'd  and 
diftirguilhed  :  and  yet  it  is  taken  tor  granted,  that  the  colours  feen  in  a 
darkned  room,  tho*  they  leave  no  traces  upon  the  wall  or  body  that  re- 
ceives them,  are  the  true  colours  of  the  external  objefts ;  together  with 
which  the  colours  of  the  images  are  moved,  or  reft.    And  the  error  lies 
not  in  the  eye,  whofe  oflltce  is  only  to  perceive  the  appearance  of  things, 
and  truly  does  fo ;  but  in  the  judgment  that,  by  minake,  concludes  the 
Colour  belongs  to  the  wall,  which  really  belongs  to  the  objeft ;  becaufe 
the  wall  is  that  from  whence  the  rays  of  light  which  carry  the  vifible  fpe- 
cies,  come  in  ftrait  lines  direftly  to  the  eve.    And  thus,  for  the  fame 
reafon,  we  fuppofe  at  a  certain  diftance  from  concave  fpherical  glalfes, 

*  We  itouft  'figaio  repeat,  that  Sir  **  of  colour,  made  by  refraaion,  do  not 
J/moc  Hpwton  demonftrates,  all  the  colours  "  arife  from  any  new  modification  of  the 
in  the  univcrfc,  which  are  made  of  lighr»  j"  rays  imprefied  by  thofc  refraQions  ; 
and  depend  not  on  the  power  of  imagi-  !  **  and»  by  the  various  terminations  of 
nation,  arc  either  the  colours  of  hornogc-  i  **  light  and  (hadow  ;  as  has  been  the 
heal  lights,  or  compounded  of  them  in  a  i  "  conftanc  and  general  opinion  of  phi- 
certain  proponion.    **  For  the  changes  '  ^^  loibphcrs***  Z^u^f0/7»C^iir.  p.  99.8c  p»i^8. 

that 
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tliat  we  £ee  the  image  ftand  out  to  meet  us,  and  hang  in  the  air  betwixt  Phtsics; 
the  glais  and  us ;  becaufe  the  reflefted  rays,  that  compofe  the  image, '  ^^ 
crofe  one  another  in  that  place  where  the  image  appears  to  be ;  and  thence 
in  direft  lines  take  their  courfe  to  the  eye.  I  might  here  add  what  will 
more  fuUy  appear  hereafter,  that  colours,  called  emphatical,  becaufe  not 
inherent  in  the  bodies  where  they  appear,  may  be  compounded  with  one 
anotherj  as  thofe  that  are  confeifedly  gentiine. 


SECT.   n. 

I  Come  now  to  inquire  into  the  nature  of  wWtenels  and  blacknefs.  ^^1^^  ^ 
Whitened,  confidered  as<i  quality  in  the  objeft,  feems,  in  the  general, 
chiefly  to  depend  upon  the  roughnefs  of  the  fiirface  of  the  body,  call'd 
white ;  which  gives  it  innumerable  fmall  fuperfiqies,  that  a6ting  like  fo 
many  little  fpecula  in  various  pofitions,  they  refleft  the  rays  of  li^t  that 
fall  on  them,  not  towards  one  another,  but  externally  towards  the  fpe6ta-* 
tor's  eye.  The  fun,  and  other  very  lucid  bodies,  not  only  oflfend  or 
dazle  our  eyes ;  but  if  any  colour  is  afcribed  to  them,  it  (hould  be  white-* 
nefs :  *  for  the  fun  at  noon-day,  and  in  clear  weather,  when  his  face  is 

ferene. 


*  WhitCy  in  ftriSnefs,  we  have  alrea- 
dy oblervcd  to  be  no  fimple  colour  ;  but 
a  compound  of  all  colours  in  a  due  pro- 
|)ortion.  "  When  the  feveral  forts  of  rays 
are  mixed,  fays  Sir  I/aac  Newt&Hj  and, 
in  croflingy  pafi  thro'  the  fame  fpace, 
they  a&  not  upon  one  another,  fo  as 
to  change  their  colour-making  quali- 
ties ;  but,  by  mixing  their  a&ions  in 
Che  fenforium,  beget  a  feniation,  diffisr- 
ing  from  what  either  would  do  a-part  t 
**  that  is,  a  feniation  of  a  mean  colour 
*•  between  their  proper  colours.  And 
"  particularly,  when,  by  the  concourfe 
and  mixtures  of  all  forts  of  rays,  a 
white  colour  is  produced ;  the  white 
is  a  mixture  of  the  colours  which  the 
rays  would  have  a-part:  the  rays  in 
that  mixture  do  not  alter  their  feveral 
colour-making  (jualities  ;  but,  by  all 
**  their  various  kmds  of  aftions,  mixed 
«•  in  the  fenforium,  beget  a  fenfation  of  a 
«•  middling  colour,  between  all  rheir  co- 
•«  lours,  which  is  whitcnefs.  For  white- 
J*  ncfs  is  a  mean  between  aircclours ; 
••  having  irfelf  indifferently  to  them  all ; 
*•  fo  as  with  equal  facility  to  be  tinged 
**  with  any  of  them.  A  red  powder 
**  mixed  with  a  little  blue,  or  a  blue 
•*  with  a  little  red,  doth  not  prefently 
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**  lofe  its  colour ;  but  a  white  powder, 
•*  mixed  with  any  colour,  is  prefently 
'*  tinged  with  that  colour,  and  is  equally 
•*  capable  of  being  tinged  with  any  co- 
**  lour  whateven  See  Zftwi**.  Oftic  p. 
117,  118:  i;8,i39. 

We  fanher  learn  from  Sir  Ifsac  Newton^ 
that  as  a  mixture  of  all  the  prifmatic  co- 
lours makes  perfeft  white  light ;  ib  if 
foapy  water  be  agitated  into  a  froth,  va- 
rious colours  will  appear  therein,  when 
viewed  near ;  and,  at  a  diftance,  when 
thofe  colours  can  no  longer  be  diftin- 
guiflied,  the  froth  will  ieem  perfeQly 
white*  But,  by  mixing  coloured  pow- 
ders, he  tells  us,  we  are  not  to  expeQ  a 
ftrong  and  full  white,  but  feme  dusky 
obfcure  one;  becaufe  they  fujpprefi  and 
flop  in  them  a  very  confiderable  part  of 
the  light  by  which  they  are  illuminated* 
Thus  he  produced  a  oark  white,  or  a 
dun  colour,  by  mixing  one  part  of  red 
lead  with  five  parts  of  verdigreafe;  for 
thefe  two  colours  were  fevcrally  fo  com- 
pounded of  others,  that,  in  both  toge- 
ther, there  was  a   nixture  of  all  colours* 

Again,  one  pare  of  red  lead,  and  four 
parts  of  blue*  Life,  compofed  a  dun 
colour,  varying  a  little  to  purple ;  and, 
by  adding  to  it  a  certain  mixture  of  orpi- 
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PrfrtKfs.  ftiiene,  and  his  rays  pals  thro'  a  much  lefs  part  of  the  attnofphere  to  our 
'  eyes,  appears  of  a  colour  more  approaching  to  white  than  when  he  is 
nearer  the  horizon ;  in  which  cafe  the  interpofition  of  certain  fumes  and  va- 
pours make  him  oftentimes  appear  either  red  or  yellow.  And  when  the 
lun  ihines  upon  fmooth  water,  that  part  of  it  which  appears  moft  illumined, 
feems  far  whiter  than  the  reft-  And  I  have  fometimes  found,  that  when 
the  fun  was  veil'd  with  a  thin  white  cloud,  tho*  ftill  too  bright  to  be 
looked  upon  dire^y ;  that  by  cafting  my  eyes  upon  ftill  water,  his  body, 
being  not  far  from  the  meridian,  appeared  to  me  exceedingly  white.  And 
tho'  we  vulgarly  fay,  in  Englifi,  a  thing  is  red-hot,  to  exprefs  a  fuperlative 
degree  of  heat ;  yet,  at  the  forces  and  furnaces  of  artificers,  by  a  white 
heat  they  underiland  a  further  degree  of  ignition,  than  by  a  red  one. 

2.  Common  experience  informs  us,  that  as  too  much  light  over- 
powers the  eye ;  fo  when  the  ground  is  covered  with  fhow,  thoie 
who  have  a  weak  fight,  complain  that  this  profoeft  is  offenfive  to 
them.  And  even  thofe  who  have  good  eyes,  are  from  hence  generally 
fehfible  of  an  extraordinary  light  in  the  air ;  and,  if  obliged  to  looi 
very  Ibtig  upon  the  fnow,  find  their  fight  injured  by  it.  Thus  Xemphon 
relates,  that  Oftus  marching  his  arnw,  for  man v  days,  over  mountains 
covered  with  fnow,  the  dazling*  fplendour  ot  its  whitenefs  preju- 
diced the  fight  of  a  great  number  of  his  foldiers,  and  blinded  fome  of 
them ;  and  other  accounts  of  the  fame  nature  may  be  met  with  in 
writers  of  good  note.  The  like  has  alfo  been  affirmed  to  me  by  credible 
perfons  of  my  own  acquaintance,  and  elpecially  by  one,  who,  during 


inent  and   verdigreafe,   in  due  propor- 

tioDy    it  loft    its    purple  tindure,    and 

became  perfe&ly  dun.    But  the  exjperi- 

xnent  fucceeded  beft  without  red  lead, 

thus :   **  To  orpiment,  fays  Sir  Ifaac^    I 

*Vaddedy  by  little  axid  little,  a  certain 

**  full    bright    purple,   which    painters 

^  ufe,    till   the  orpimenc  ceafea  to  be 

*'  yellow,    and   became  of  a  pale   red : 

*'  then  I  diluted  that  red,  by  adding  a 

c<  little  verdigreafe  and  a  little  more  blue 

•**  bife  than  verdigreafe,  till  it  b^caikie 

'^  of  fuch  a  grey, or  pale  white  as  va- 

<^  ried  to  no  one  of  the  colours  more  than 

*<  to  another*    For  thus  it  became  of  a 

**  colour  equal  in  whitenefs  to  that  of 

•«  afhes,  or  of  wood  newly  cut,  or  of  a 

*^  man's   skin.    The  orpiment  rcfleSed 

^*  more  light  than  did  any  other  of  the 

*^  powders  \  and  therefore  conduced  more 

^*  to   the  whitenefs  of  the  compounded 

**  colour  than  they.    To  affign  the  pro- 

^  portions  accurately,  may  be  difficulr> 

<*  by  reafon  of  the  different  goodncfs  of  J 

\^  powders  of  the  fame  kind*    As  the  co-  I 


**  lour  of  any  powder  is  more  or  lefs  full 
and  luminous,  it  ought  to  be  ulcd  in  a 


<i 


(i 


lefs  or  greater  proportion.    Now  con- 
fidcring  that  thefe  grey  and  dun  co- 
lours may  be  alfo  produced,  by  mixing 
'*  whites   and    blacJcs;    and,  hy  conse- 
quence, differ  from  perfeQ  whites,  not 
in  fpecies  of  colours,  but  only  in  de- 
gree  of  luminoufnefs ;   it  is  manifeft 
that  there  is  nothing  more  requifite  to 
make  them  perfe&ly  white,  than  to 
'*  increafe  their  light  fufficiencly;  and, 
^*  on  the  contrary,  if,  by  increafing  their 
**  light,  they   can  be  brought  to  jperf^ft 
'*  whitenefs;  it  will  thence  alfo  roUow, 
**  that  they  are  of  the  fame  fpecies  of 
"  colour  with  the  beft  whites ;  and  dif- 
**  fer  from    them  only  in  the  q  u  antiry 
**  of  light."    And  accordingly,   by  pla- 
cing fome  powder,  compofed  ot  orpiment, 
purple, •bile,  and  verdigreafe,  in  the  fun's 
rays;  and,  viewing  it   at  a    diftancc,  it 
appeared  intenfely  white.    Newton,  Optu. 
p,  119— 134« 


his 
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his  ftay  in  Mufcovy^  found  his  eyes  much  impaired,  by  being  frequendy  Pinrsia 
obliged  to  travel  in  the  fnow  :  and  this  weaknefs  of  fight  did  not 
leave  him  when  he  left  that  countiy,  but  ftill  continues,  tho'  he  be  a  young 
man.  I  myfelf  alfo,  as  well  as  others,  have  obferved,  that  upon  tra- 
velling by  night,  when  the  ground  was  all  covered  with  fnow,  tho'  it 
would  otherwife  have  been  dark,  yet  we  could  very  well  fee  to  chufe  our 
way.  But  much  more  to  my  prefent  purpofe  is  that  account  given  us  by 
Olaus  Magnus  o£  a  way  of  travelling  in  the  Northern  regions  during  tfae^ 
winter,  where  the  days  of  that  feai^n  are  very  Ihort.  "  In  the  day-time, 
**  fays  he,  they  travel  twelve  Italian  miles,  out  twice  or  thrice  as  far  in 
"  the  night,  and  that  with  eafe  ;  for  the  light  of  the  moon,  reflefted  by  the 
"  fnow,  renders  both  hills  and  ,vales  confpicuous ;  fo  that  then  they  can 
"  fee  not  only  precipices  afar  off,  but  the  wild  beafts  they  would  avoid/' 

This  teftimony  I  the  lefs  icruple  to  alledge,  becaufe  it  a^^es  very  well 
with  what  has  been  affirmed  to  me  by  aphyfician  o{  Mofcinu  ;  who  in* 
formed  me,  that  he  could  fee  things  at  a  far  greater  diftance,  and  with 
more  dearnefs,  when  he  travelled  by  night  on  the  fnow  there,  tho*  with- 
out the  aflUlance  of  the  moon-lhine,  than  we,  in  thefe  parts,  would  ea- 
fily  believe,  Tis  true,  indeed,  the  intenfenefs  of  the  cold  might  contri- 
bute fomething  to  the  confiderablenefs  of  the  efk£t,  by  clearing  the  air 
of  dark  fleams,  which,  in  thefe  more  temperate  climates,  are  ufually 
thick  in  fhowy  weather  :  for  this  phyfician,  and  the  ingenious  navigator 
Captain  James  agree,  that  in  dark  frofty  nights,  in  frozen  climates,  they 
could  difeover  more  ftars,  and  have  a  clearer  profpeft  of  the  heavens, 
than  we  in  England.  I  know,  indeed,  many  learned  men  fuppofe  fnow 
thus  flrongly  aCk£ts  oi\r  eyes,  not  by  a  borrowed,  but  a  native  light.  I 
venture;'  however,  to  give  it  as  a  proof,  that  white  bodies  refled  more 
light  than  others,  becaufe  having  once  placed  a  parcel  of  fnow  in  a  room, 
carefully  darkened^  that  no  celd[tial  light  might  fall  upon  it,  neither  J^ 
nor  an  ingenious  perfon  skilled  in  optics,  could  find  it  had  any  light  be- 
fides  what  it  received ;  and  'tis  ufual,  among  fuch  as  travel  in  dark 
nights,  to  make  their  guides  wear  fomething  of  white  to  be  difcern'd 
by ;  for  there  is  fcarce  any  night  fo  dark,  but  that,  in  the  free  air,  fome 
Kght  remains,  tho'  broken  and  debilitated,  perhaps,  by  a  thoufand  re- 
flexions from  the  opake  corpufcles,  that  fwim  in  the  atmofphere,  and  fend 
it  to  one  another  betore  it  arrives  at  the  eye. 

,3.  And  the  better  to  fliew  that  white  bodies  refleft  much  more  light 
than  others,  I  held  in  the  darkened  room,  formerly  mentioned,  not  fer 
from  the  hole  at  which  the  light  entered,  a  Iheet  of  white  paper  ;  from 
whence  calling  the  fun-beams  upon  a  white  wall,  it  manifeftly  appeared 
both  to  me,  and  to  a  perfon  I  took  to  be  witnefs  of  the  experiment,  to  re- 
fledl  a  far  greater  light  than  any  of  the  other  colours  ;  for  the  wall  itfelf 
was  not  only  thus  notably  enlightened,  but  alfo  a  confiderable  part  of  the 
room.  And,  further,  to  (hew  that  white  bodies  refled  the  rays  outwards, 
let  me  add,  that  ordinary  burning-glafles  will  not,  in  a  great  while,  burn 
or  difcolour  white  paper  j  fo  that  when  I  was  a  boy,  and  delighted  to 

make 


JO  Experiments  and  Ohjmjations 

Physics,  make  trials  with  fiich  glaiTes,  I  couW  not  but  wonder  at  this  odd  pheno- 
""^  *  mcnon,  whichfet  me  f'ery  eariy  upon  guefling  at  the  nature  of  whitenefs.; 
and  the  more,  becaufe  I  took  notice  that  the  image  of  the  liin,  upon  white 
paj)er,  was  not  fo  well  defined  as  upon  black;  ^'%l  becaufe  that,  upon 
mkingover  the  paper,  the  moifture  would  be  quickly  dried  up,  and  the 
paper,  that  I  could  not  burn  before,  would  now  p  efently  take  rire.  I  have 
alio  tryM,  that  by  expofing  my  hand,  with  a  thm  black  glove  on  it,  to  the 
warm  lun,  it  would  tnereby  very  fuddenly  be  more  coniiderably  heated, 
than  if  I  took  oft' the  glove,  and  held  my  naked  hand  to  ics  rays,  or  put  on 
another  glove  of  thin  white  leather. 

4.  And  to  (hew  that  white  bodies  are  apt,  like  fpecula,  to  refleft  the 
light  that  falls  on  them,  we  have  found,  in  a  darkened  room,  that  the 
fun-beams  being  caft  from  a  coloured  body  upon  a  whice  wall,  the  deter- 
minate colour'cfthe  body  was  from  the  wall  reflected  to  the  eye ;  whilft 
-we  could,  in  many  cafes,  manifeftly  alter  the  colour  arriving  ac  the  eye, 
by  fubftituting,  at  a  convenient  diftance,  a  coloured  gloffy  body  inftead  of 
the  white  wall ;  thus  by  throwing  the  rays  from  a  yellow  body  upon  a 
blue,  there  would  be  exhibited  a  kind  01  green.  I  might  alfo  here  take 
notice,  that  when  looking  upon  the  calm  and  fmooth  lurface  of  a  river, 
lying  betwixt  my  eye  and  the  fun,  it  appeared  to  be  a  natural  fpeculum, 
wherein  that  part,  which  reflefted  to  my  eye  the  entire  and  defined  image 
of  the  fun  and  rays  adjacent  thereto,  appeared  of  a  great  whitifh  bright- 
nefs,  but  the  reft  comparatively  dark  ;  when,  if  afterwards  the  fuperfi- 
cies  chanced  to  be  a  little  ruffled  by  a  gentle  breath  of  wind,  and  thereby 
reduced  into  a  multitude  of  fmall,  fmooth  fpecula,  the  furface  of  the  ri- 
ver would,  at  a  diftance,  appear  almoft  white ;  tho'  it  loft  that  appearance 
upon  a  return  of  the  furface  to  a  calm  and  uniform  level.  And  I  have 
ibmetimes,  as  an  experiment,  brought  in  a  lenticular  glafs,  the  image 
of  a  river  illumined  by  the  fun,  into  a  darkened  room,  at  about  the  di- 
ftance of  a  quarter  or  a  mile ;  by  which  means  the  numerous  declining 
furfaces  of  the  water  were  fb  contrafted,  that,  upon  the  body  which 
received  the  image,  the  whole  river  appeared  a  very  white  objedl  at  two 
or  three  paces  dif&nce.  But  if  we  drew  near  it,  this  whitenefs  fecmed 
to  proceed  from  innumerable  lucid  refleftions,  made  by  the  fuperficies  of 
the  water  gently  waved,  which  looked,  when  clofely  viewed,  like  a  mul- 
titude of  very  little  fhining  fcales  of  filh  ;  many  whereof  every  moment 
diiappeared,  while  as  many  were  by  the  fun,  wind,  and  river,  genera- 
ted anew.  But  tho*  this  obfervation  feemed  fufficiently  to  difcover  how 
the  apparent  whitenefs,  in  that  cafe,  was  produced  ;  yet  in  fome  other 
cafes,  water  may  have  the  fame,  tho'  not  fo  vivid  a  colour,  upon  other  ac- 
counts ;  for  it  often  happens  that  the  fmooth  furface  of  the  water  ap- 
pears bright  or  whitifli,  by  reafon  of  the  refleftion,  not  immediately  of 
the  ima^  of  the  fun,  but  of  the  brightnefs  of  the  sky ;  and  in  fuch  cafes 
a  convenient  wind  may,  where  it  pafTes  along,  make  the  furface  look 
black,  by  caufing  many  fuch  furrows  and  cavities,  as  make  the  inflefted 

fuperficies  of  the  water  reflcft  the  brightnefs  of  the  sky,  rather  internal- 
ly 
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ly  thin  exteffliilly.  And  again,  if  the  wind  incrcafc  inte  t  ftorm,  the  wt-  Physic 
ter  may  appear  white,  efpecially  near  the  (hore,  bectufe  the  rude  agita-  *  ^^"^^ 
tion  breaks  it  into  fo^m  or  froth ;  fo  much  do  whitenefs  and  blacknefs  de- 
fend upon  the  difpofition  of  the  fuperficial  parts  of  a  body,  to  refleft  the 
rays  of^light  inward  or  outward.  But  that  as  white  bodies  refledk  the 
moft  light  of  any  ;  fo  their  fuperficial  particles  are  of  a  {feaahuc  nature,  I 
fhsll  further  endeavour  to  ibew,  by  making  fpecular  bodies  white»  and  a 
white  body  fpecular. 

5.  Upon  diftilling  quick{3ver  in  a  cucurbit,  fitted  with  a  capacious 
glafs-head,  I  have  obierved,  that  when  the  operation  was  performed  by 
proper  degrees  of  fire,  there  would  ftickctt  the  infide  of  the  alembic  a 
multitude  of  little  round  drops  of  mercury.  And  as  mercury  is  a  fpe*^ 
cular  body,  each  of  thefe  little  drops  was  a  fmall  A)herical  looking-glals } 
and  a  number  of  them  lying  near  one  another,  made  the  glafs  they  were 
faftened  to,  manifeftly  appear  a  white  body.  And  as  many  parts  of  the 
sky,  efpecially  the  milky  way,  appear  white  to  the  naked  eye;  yet  the 
galaxy,  viewed  thro'*  a  telefcope,  does  not  appear  white,  but  to  be  made 
up  of  a  vaft  multitude  of  httle  ftars ;  fo,  many  lucid  bodies,  if  too 
finall  to  be  fingly  diicemed  by  the  eye,  and  fet  fumciently  thick  by  one 
another,  may,  oy  their  united  rays,  appear  to  the  eye  as  one  white  body : 
and  why  may  not  the  like  happen,  when  a  multitude  of  bright,  little  cor* 
pufcles,  crowded  together,  are  made  jointly  to  refleft  vivid  rays  to  the 
eye,  tho*  they  flune  by  a  borrowed  light  ? 

But  to  return  to  our  experiments  ;  we  may  take  notice,  rfiat  the  white 
of  an  egg,  which  tho'  in  part  tranfoarent,  yet,  by  its  power  of  reflefting 
feme  incident  rays  of  li^nt,  is,  in  K)me  meafure,  a  natural  fpeculum,  being 
long  agitated  with  a  whisk  or  fpoon  lofes  its  tranfparency,  and  becomes  a 
irery  white^ froth ;   that  is,   an  aggregate  of  numerous  fmall  bubbles> 
whofe  convex  fuperficies  fit  them  to  reliedt  the  li^t  every  way  outwards. 
And  'tis  Worth  obferving  that  when  water,  for  inftance,  is  agitated  into 
froth,  if  the  bubbles  be  great  and  few,  the  whitenefs  will  be  but  faint, 
bccaufc  the  number  of  ^ecula  within  a  narrow  compafs  is  but  fmall ; 
and  they  are  not  thick  enough  fet  to  refleft  fo  manv  little  images  or  rays 
of  the  lucid  body,  as  go  to  produce  a  vigorous  tenfation  of  whitenelk 
And  left  it  Ihould  be  laid,  that  the  whitenefs  of  fuch  gk>bular  particles 
proceeds  from  the  air  included  in  the  froth,  (tho'  who  can  prove  that  the 
airitfelf  is  white?)  and  at  the  fame  time  to  illuftrate  our  do&rine  of 
whitenefs,    I   fhal!  add  this  experiment.      I  put  to  fome  fair  water, 
contained  in  a  glafs  vial,  a  convenient  quantity  of  fpirit   of  turpen- 
tine, which  will  not  incorporate  with  water,  yet  is  almoft  as  clear  and 
colourlefs  as  that ;  and  thefe  being  well  fhaken  together,  I  found  the  agita- 
tion broke  the  oil  into  a  mnltitude  of  little  globes,   which  each  of  them 
reflefting  outwards  a  lucid  image,  made  the  imperfcft  mixture  of  the 
two  liquors,  appear  whitifli;  but  if  by  vehemently  (haking  the  glafs  for 
a  competent  time,  a  liirther  comminution  of  the  oil  be  made  into  fer  more 
numerous  and  fmaller  globules,  whilft  it  is  alfo  thereby  more  thoroughly 
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Physics,  confounded  with  the  water,  the  mixture  will  appear  of  a  much  greater 
^^""^^  '  whiteneis,  and  almofk  like  milk  ;  tho*  if  the  glafs  be  let  alone  awhile,  the 
colour  will  gradually  fade  as  the  oily  globules  grow  /ewer  and  larger, 
and  at  length  quite  vanifli ;  leaving  both  the  liquors  diftinft  and  diapha- 
nous as  before.  And  fuch  a  trial  hath  fucceeded,  when  inftead  of  oil,  or 
ipiritof  turpentine,  I  took  ayellow  mixture,  made  with  a  large  propor- 
tion of  prude  turpentine,  diflolved  in  that  liquor;  and  it  alfo  fucceeded 
better  than  one  would  expeft,  when  I  employed  an  oil  brought  to  a  deep 
green,  by  infufinc  copper  filings  therein.  Inus  aromatics,  diftilled  with 
V/ater,  often  vielda  wnite  liquor,  which  may  long  continue  of  that  co- 
Jour  I  becaule  if  the  fire  be  made  too  ftrong,  the  fubtile  oil  is  thereby 
much  agitated,  broken,  and  blended  with  the  water,  in  fuch  numerous 
and  minute  globules,  as  cannot  eafily,  in  a  fhort  time,  emerge  to  the  top 
of  the  water,  and,  whilft  they  remain  therein,  make  it  look  whitifli. 
And  hence,  perhaps,  it  is,  that  we  find  hot  water  ufually  more  opake  and 
whitifli  than  the  fame  when  cold  ;  the  agitation  turning  the  more  volatile 
particles  of  the  water  into^vapours,  and  thereby  producing,  in  the  body 
of  the  liquor,  a  multitude  oi  fmall  bubbles,  which  interrupt  the  free 
pailage  ot  the  rays  of  light,  and  from  the  innermoft  parts  of  the  wa- 
ter, reflefl:  many  of  them  outwards.  Thefe,  and  the  like  examples,  have 
induced  me  to  fufpeft,  that  the  fuperficial  particles  of  white  bodies,  may, 
for  the  mcft  part,  be  as  well  convex  as  fmooth ;  tho*  it  feems  not  eafy  to 
prove,  that  when  diaphanous  bodies  are  reduced  into  white  powders,  each 
corpuicle  muft  needs  be  of  a  convex  fuperficies  ;  and,  perhaps,  it  may  here 
fiiffice  that  the  fpecularfurfaces  look  feveral  ways.  We  have  leen  that  when 
a  diaphanous  body  is  reduced  to  very  minute  parts,  it  thereby  acquires  a 
multitude  of  little  furfaces  within  a  narrow  compafs  ;  and  tho'  each  of 
diofe  fliould  not  be  of  a  convenient  figure  to  refledt  a  round  image  of  the 
fun,  they  may  refleft  fome  phyfical  hne  of  light,  wherein  fome  refradHon 
of  that  which  falls  upon  the  body,  whereon  it  depends,  may  often  con- 
tribute to  its  whitenefs.  Thus  if  a  flender  wire,  or  fblid  cylinder  of  glafs, 
beexpofed  to  luminous  rays,  you  ftiall  fee,  in  fome  part  thereof,  a  vi- 
vid line  of  light ;  and  if  we  were  able  to  draw  out  and  lay  together  a 
multitude  oT thefe  little  wires  or  threads  of  glafs,  fo  flender,  that  the  eye 
could  not  difeern  a  diftance  between  the  luminous  lines,  there  is  no  doubt, 
as  far  as  I  can  guefs  by  a  trial  of  this  kind  purpofely  made,  that  the  whole 
phyfical  fuperficies,  compofed  of  them,  would  appear  white  to  the  eye  ; 
and  if  fo,  it  is  not  always  neccflary  that  the  figure  of  thofe  corpufcles, 
that  make  a  body  appear  white,  ftiould  be  Ipherical :  and  fnow  itfelf  com- 
monly appears  both  to  the  naked  eye,  and  when  viewed  thro'  a  micro- 
fbope,  to  confift  principally  of  little  flender  icicles  of  fcveral  fhapes,  which 
aflkrd  fuch  numerous  lines  of  light  as  we  fpcak  of. 

6.  If  you  take  a  diaphanous  body,  as,  for  inftance,  a  piece  of  glais, 
and  reduce  it  to  powder,  the  fame  body  which,  when  entire,  freely  tranf- 
mitted  the  rays  of  light,  acquiring,  by  contufion,  a  multitude  of  minute ' 
fuidEsices,  each  of  which  is,  as  it  were,  a  little  fpeculum,  becomes  there- 
by 
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by  qualified  to  refleft,  inaconfufed  manner,  fo  many  rays,  or  little  and  Phtsics. 
fingly  unobfervable  images  of  the  lucid  body,  that  from  a  diaphanous,  it  ViXY^ 
degenerates  into  a  white  fubftance.  And  heating  lumps  of  cryftal  red- 
hot,  in  a  crucible,  I  have  found,  that,  upon  quenching  'em  in  fair 
water,  even  thofe  which  remained  feemingly  entire,  exchanged  tlieir  tranf- 
parency  for  whitenefs ;  the  ignition  and  extinftion  having  cracked  each 
lump  into  a  multitude  of  mmute  bodies,  and  thereby  given  it  a  mul- 
titude of  new  furfaces.  And  even  with  coloured  diaphanous  bodies,  there 
may,  by  this  way,  be  a  great  degree  of  whitenefs  produced.  I  have,  by 
contufion,  obtained  whitifti  powders  from  granats,  glaf^  of  antimony, 
and  emeralds ;  but  the  experiment  is  more  eafily  made,  by  comparing 
deep  blue  pulverized  vitriol  of  copper,  with  fome  of  the  entire  cryltals  of 
the  fame,  for  this  will,  comparatively,  exhibit  a  confiderable  degree  of 
whitenefs. 

7.  And  as  by  a  change  of  pofition  in  the  parts  of  differently  coloured 
bodies,  they  may  be  rendered  white ;  fo  by  a  flight  change,  in  the  texture 
of  its  furface,  a  white  body  may  be  deprived  of  that  property.  A  oiece 
of  filver  newly  boiled,  with  fait  and  tartar,  after  the  goldfmith's  faftion, 
is  of  a  lovely  white  ;  but  if,  with  a  piece  of  fmooth  fteel,  a  part  of  it  be 
burnilh'd,  that  part  prefently  lofes  its  whitenefs,  and  turns  to  a  fpeculum, 
almoft  every  where  dark,  like  other  mirrors ;  which  adds  a  great  confir- 
mation to  our  doftrine.  For  hence  we  fee  what  it  chiefly  is  that  made 
the  body  white  before;  fince  all  that  was  done  to  deprive  it  of  that  white- 
nefs, was  only  to  deprefs  the  little  irregular  protuberancies,  that  flood 
out  on  the  funace  01  the  filver,  into  one  continued  regular  plain. 

8.  What  we  havefaid  of  whitenefs  may  aflift  us  to  form  a  notion  of^dCST*^ 
blacknefs ;  thofe  two  qualities  being  fufficiently  oppofite  to  illuftrate  each 

other.  And  as  that  which  makes  a  body  white,  is  cniefly  fuch  a  difpofitioa 
of  its  parts,  as  difpofes  it  to  refleft  more  of  the  light  that  falls  on  it,  than 
bodies  of  different  colours ;  fo  that  which  renders  a  body  black,  is  princi- 
pally a  peculiar  kind  of  texture  of  its  fuperficial  particles  ;  whereby  it 
damps  the  light  that  falls  on  it,  fo  that  very  little  is  reflefted  to  the  eye. 

9.  This  texture  is  explicable  two  feveral  ways ;  and  firft,  by  fuppofing, 
in  the  fuperficies  of  the  black  body,  a  particular  kind  of  afperity ;  whence 
the  fuperficial  particles  refleft  few  of  the  incident  rays  outwards,  and  the 
reft  inwards,  upon  the  body  itfelf :  as  if,  for  inflance,  the  furface  of  a 
black  body  fhould  rife  up  in  numberlefs  little  cylinders,  pyramids,  cones, 
&c.  which,  by  being  thick  fet  and  ereft,  throw  the  rays  of  light  from  one 
to  another  inwards,  fo  often,  that,  at  length,  they  are  loft  before  they  can 
come  out  again  to  the  eye.  The  other  way  fuppofes  the  textures  of  black 
bodies  either  to  yield  to  the  rays  of  light,  or,  upon  fome  other  account, 
to  ftifle  and  keep  them  from  being  reflefted  in  any  number,  or  with  any 
confiderable  vigour  outwards.  According  to  this  notion  it  may  be  faid, 
that  the  corj)ufcles,  which  compofe  the  rays  of  light,  thrufting  one  another 
from  the  lucid  body,  and  falling  on  black  fubftances,  meet  with  fuch  a 
texture,  that  they  receive  into  themfelves,  and  retain  almoft  all  the 
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Physics.  (4.)  I  have  obferv'd  in  a  darkened  room,  that  if  the  fun-beams  which 
came  in  at  the  hole  were  received  upon  white,  or  any  other  colour,  and 
direfted  to  a  convenient  part  of  the  room,  they  would  manifeftly  increafe 
the  light  of  that  part ;  but  if  we  fubftituted  either  a  piece  of  black  cloth 
or  black  velvet,  it  v/ould  fo  damp  the  incident  rays,  that  the  faid  place 
would  be  lefs  illumin'd  than  before,  when  it  received  its  light  only  from  the 
weak  and  oblique  refledlions  of  the  floor  and  walls  of  a  pretty  large  room  i 
over  which  the  beams  that  came  in  at  the  hole,  were  confuiedly  and  in  a 
broken  manner  difpers'd. 

(5.)  And  to  (hew  that  the  rays  which  fall  on  black  bodies,  as  they  do 
not  rebound  outwards  to  the  eye,  fo  they  are  reflefted  towards  the  body 
itfelf,  as  the  nature  of  thofe  ereft  particles  to  which  we  have  imputed 
blacknefs  requires ;  we  (hall  add  an  experiment,  that  will  at  the  fame 
time  confirm  our  doftrine  of  whitenefs.  We  took,  then,  a  broad  and  large 
tile,  and  having  whited  over  one  half  of  its  fuperficies,  and  black'd  the 
other,  we  exposed  it  to  the  fummer  fun.  And  having  let  it  lie  there  a  con- 
venient time,  we  found  that  whilft  the  whited  part  of  the  tile  remained 
cool,  the  blacked  part  of  it  was  grown  very  hot.  And  for  further  facis- 
faction,  we  have  lometimes  left  upon  the  furfece  of  the  tile  a  part  that 
retained  its  native  red ;  and  exponng  all  to  the  fun,  we  obferv'd  the  lat- 
ter to  have  contradled  a  heat  in  comparifon  of  the  white  part,  but  infe- 
rior to  that  of  the  black.  Tis  alfo  remarkable,  that  rooms  hung  with 
black  are  not  only  darker  than  they  would  be  otherwife,  but  warmer  too. 
I  have  known  a  great  lady,  of  a  tender  conftitution,  complain  that  ihe 
commonly  took  cold  upon  going  into  the  air,  after  having  made  any  long 
vifit  to  perfons  whofe  rooms  were  hung  with  black.  And  this  is  not  the 
only  lady  I  have  heard  complain  of  the  warmth  of  fuch  rooms  i  which,  tho* 
perhaps  it  may  partly  be  imputed  to  the  effluvia  of  thofe  materials  where- 
with ttie  hangings  were  dyed,  yet  probably  the  warmth  in  this  cafe  depends 
chiefly  upon  the  fame  caufe  with  darkneis ;  for  upon  expofing  two  pieces 
of  filk,  the  one  white,  the  other  black,  in  the  fame  window  to  the  lun,  I 
have  often  found  the  former  confiderably  heated,  when  the  latter  has  re- 
jnainM  cool. 

{6.)  Avirtuofo  of  unfufpefted  credit  acquainted  me,  that  in  a  hot 
climate  he  had,  by  carefully  blacking  the  fliells  of  eggs,  and  expofing  them 
to  the  fun,  feen  tnem  thereby  well  roafted,  in  no  long  time.  But  in  Eng- 
landy  the  fun's  rays  feem  not  to  be  fuflJciently  ftrong  to  produce  fuch  an 
cfteft ;  for  having  exposed  eggs  iti  the  fummer  feafon  thereto,  they  acquired 
indeed  a  confiderable  degree  of  heat,  but  not  enough  to  roaft  them, 

(7.)  Laftly,  our  conjeftures  about  the  nature  of  blacknefs,  may  be  £bme- 
what  confirmed  by  the  obfervation  of  the  blind  man,  formerly  mentioned, 
who  dilcems  coburs  with  his  fingers ;  for  he  fays,  that  he  feels  a  greater 
Toughuels  upon  the  furfaces  of  black  bodies,  than  upon  thofe  of  red, 
yellow,  or  green.  And  BarthoUne  tells  us,  that  a  blind  earl  of  Mansfield 
could  diflinguifli  white  from  black  only  bv  the  touch ;  which  might  fuffi- 
ciendy  argue  a  great  di£b:ence  iu  the  afperities,  or  fuperficial  textures 
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of  the  bodies  of  thofe  two  colours ;  if  the  learned  relator  had  affirmM  Physics. 
the  matter  upon  his  own  knowledge.    Let  us  next  take  in  the  affiftance  \iXV^ 
of  our  experiments,  purpofely  made  to  bring  us  farther  acquainted  with 
the  nature  of  white  and  black. 

1 .  Take  any  quantity  of  fair  water,  heat  it,  and  add  thereto  as  much  2Lh?7»/' 
good  common  fublimate  as  it  will  diflblve,  or  till  fome  of  it  lie  untouch^  Usckmfs  JbtiB 
at  the  bottom  of  the  liquor  j  then  filter  this  folution  thro'  cap-caper^ ''^  **^"**^' 
and,  to  a  fpoonful  or  two  of  the  clear,  add  four  or  five  drops  of  good 

limpid  fpirit  of  urine :  (hake  them  together,  and  immediately  the  whole 
mixture  will  appear  white,  like  milk.  After  this,  if  you  prefently  add 
a  convenient  proportion  of  reftifyM  Aqua  fortis^  the  whitenels  will 
immediately  difappear,  and  the  whole  mixture  become  tranfparent; 
which  you  may,  it  you  pleafe,  again  reduce  to  a  confiderable  degree  of 
whitenefs,  by  pouring  thereinto  more  frefh  fpirit  of  urine.  It  is  not 
neceflfary  to  employ  either  jlqua  firtis,  or  fpirit  of  urine,  about  this  ex- 
periment ;  for  we  have  made  it  with  other  liquors. 

2.  Make  aftrong  infufionof  bruis'd  galls  in  fair  water;  and  having 
filtered  it  into  a  clean  vial,  add  more  of  the  fame  fluid  to  it,  till  you  have 
made  it  fomewhat  tranfparent,  -and  fufficiently  diluted  the  colour  for  the 
credit  of  the  experiment.  In  this  infufion,  Ihake  a  convenient  quantity  of 
a  clear,  but  very  ftrong  folution  of  vitriol ;  and  you  ftiall  immediately  fee 
the  mixture  turn  black,  almoft  like  ink :  and  if,  prefently  after,  you  drop 
into  this  mixture  a  fmall  quantity  of  good  oil  ot  vitriol,  and,  by  (haking 
the  vial,  fuddenly  difperfe  it  thro*  the  two  other  liquors ;  you  will  fee  the 
dark  colour  of  the  whole  prefently  begin  to  difllpate,  grow  clear,  tranf- 
parent, and  lofe  its  inky  blacknefs  ,•  which  may  be  again  reftored  by  the 
affufion  of  a  fmall  quantity  of  a  ftrong  folution  of  felt  of  tartar.  And 
tho^  both  thefe  atramentous  liquors  will  feem  very  pale,  if  you  write  with 
a  clean  pen  dipt  in  them  ;  yet  that  is  common  to  them,  with  fome  forts 
of  ink,  which  prove  very  good  when  dry  ;  as  I  have  found,  that  whenr 
thefe  were  careftilly  made,  what  I  wrote  with  either,  efpecially  with 
the  former,  would,  after  a  while,  turn  fufficiently  black.  This  ex- 
periment of  deftroyine  and  reftormg  blacknefs,  we  have  likewife  try'd  in 
common  ink  ;  tho*^  with  this  it  fucceeds  not  fo  well,  and  but  very  flowly ; 
bccaufe  the  ^m  ufually  employed  in  making  it,  oppofes  the  operations 
of  the  feline  fiquors.  And  tho'  it  be  taken  tor  granted,  that  bodies  will 
not  precipitate  with  alkalizate  felts,  which  have  not  been  firft  diflblved 
in  fome  acid  menftruum  ;  yet  I  have  found,  upon  trial,  that  many  v^e- 
tables,  barely  infufed,  or  but  flightly  boiled  in  common  water,  afford,- 
upon  the  bare  affofion  of  a  ftrong  and  clear  lixivium  of  pot-a(hes,  a  largo 
quantity  of  coagulated  matter ;  fuch  as  I  have  had  in  the  precipitations  of 
vegetable  fubftances,  by  means  of  acids ;  and  that  this  matter  was  eafily 
feparable  from  the  reft  of  the  liquor;  being  left  behind  by  it  in  the  filtre* 
And,  from  the  firft  ink  mentioned  in  this  experiment,  I  could,  by  filtra- 
tion, feparate  a  confiderable  quantity  of  a  very  black  pulverable  fubftances 
And  whea  the  ink  was  made  clear-again^  by  the  oil  ot  vitriol^  the.  a£Elifiont 
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Physics,  of  diflblved  fait  of  tartar  feem'd  but  to  precipitate,  and  thereby  unitic, 
;  and  render  confpicuous,  the  corpufcles  of  the  black  mixture,  that  had  been 
before  difperfea,  into  very  minute  and  fingly  invifiblc  particles,  by  the 
refolving  power  of  the  highly  corrofive  oil  0/  vitriol.  And  that  galls  are 
not  ablolutely  neceflary  to  make  atramentous  liquors,  appears  from  the 
following  experiment,  We  boil'd  dryM  rofe-leaves  for  a  while  in  fair 
water,  and  into  two  or  three  ipoons-ful  of  the  decoftion,  (hook  a  few  drops 
of  a  ftrongand  well  filtred  Iblution  of  vitriol;  whereupon  the  mixture 
immediately  tum'd  black :  and  prefently  (baking  herein  a  juft  proportion 
of  j4qua  fortisy  we  changed  it  from  a  black  to  a  deep  red  ink ;  which,  by 
the  affufion  of  a  little  fpirit  of  urine,  may  be  reduced  immediately  to  an 
opake  blackifh  colour. 

3.  In  thefe  experiments,  the  infufion  of  galls,  the  decoftion  of  rofcs, 
and  the  folution  of  vitriol,  have  each  their  own  colour  ;  but  we  may 
Suddenly  produce  a  blacknefs,  by  mixing  an  infufion  of  orpiment,  and 
a  folution  of  minium,  both  whereof  Ihall  be  limpid  and  colourlefs.  And 
^th  thefe  liquors  may  be  exhibited  a  curious  and  furprizing  phenomenon, 
if  made  and  applied  in  the  following  manner:  i.  Take  of  the  ftrongeft 
imflaked  lime  about  two  parts,  of  yellow  orpiment  one  pait,  of  fair 
water  fifteen  or  fixteen  parts ;  beat  the  lime  grofly,  and  powder  the 
orpiment,  with  care  to  avoid  the  noxious  duft :  and  having  put  thefe  two 
ingredients  into  the  water,  let  them  remain  there  for  two  or  three  hours ; 
ftirring  the  mixture  from  time  to  time.  Thus  you'll  obtain  a  fetid  liquor  ; 
the  clear  part  whereof  muft  be  poured  off  from  the  reit,  or  gain'd  by  the 
.filtre.  2.  In  the  mean  time  burn  a  piece  of  cork,  and  quench  it,  whilft 
fired,  for  feveral  times  fucceffively  in  fair  water ;  and  having,  by  this 
means,  reduced  it  to  a  coal,  you  may  eafily,  by  grinding  it  with  a  folution 
of  gum-arabic  in  water,  brin^  it  to  the  colour  and  confiftence  of  a  good 
black  ink.  3.  Take  any  quantity  of  red  lead,  and  two  or  three  times  its 
weight  of  vinegar,  or  rather  the  weak  fpirit  of  it ;  and,  putting  the 
.powder  and  that  into  a  glafs  vial,  let  them  infufe  in  fbme  confiderably 
warm  place  for  two  or  three  hours,  till  the  liquor  has  acquired  a  fweet 
tafte.  Matters  being  thus  prepared,  write  what  you  pleale  with  a  clean 
pen  dipt  in  the  folution  of  the  red  lead ;  which,  if  filtred,  will  prove  fo 
dear,  as  to  be  invifible  upon  the  paper.  Over  what  is  thus  written, 
you  may  draw  any  charafters  or  letters  you  pleafe,  with  a  pen 
dipt  in  the  black  ink  made  with  cork.  And,  laftly,  to  fhew  the  experi- 
ment, dip  a  linen  rag  in  the  fetid  iblution  of  the  lime  and  orpiment, 
which  is  alfi)  limpid,  and  draw  it  over  the  written  paper  i  and  this  will  at 
once  both  wipe  out  the  ftrokcs  of  the  black  ink,  and  render  all  that  was 
wrote  with  the  invifible  ink  confpicuoufly  black. 

4.  If  pieces  of  white  hart's-horn  be,  with  a  moderate  degree  of  fire, 
^diftillcd  m  a  glafs  retort,  they  will,  after  the  feparation  of  the  phl^m, 
fpirit,  volatile  ialt,  and  the  loofer  and  lighter  parts  of  the  olea^nous  fub- 
ftance,  remain  oneJ>ehind  of  a  coal-black  colour.  And  even  ivory  itfclf, 
when  skilfully  burnt,  affords  painters  one  of  the  beft  and  deepefl;  blacks 

they 


ftpon  GOLOU  RS.  9p 

they  have.    Yet,  in  the  inftance  of  diftiird  hart's-horn,  the  operation  be-  Phtsic$. 
ing  made  in  glals  veflels,  carefoUy  doled,  no  extraneous  black  fubftance  '   "^^ 
infinuates  itfelf  into  the  white  horn  ;  but  the  whitenefs  is  deftroyed,  and 
the  blacknefs  generated  only  by  a  change  of  texture  made  in  the  burnt 
body  by  the  recefs  of  fome  pans,  and  the  tranfpofition  of  others.    And 
rho'  I  remember  not  to  have  ever  found  the  Caput  mortuum  of  diftilled 
hart's-hom  to  pafs  from  a  black  to  a  true  whitenefs,  whilft  it  continued 
in  dole  veffels ;  yet,  having  taken  out  the  coal-black  fragments,  and  cal- 
cined them  in  open  veflels,   I  could,  in  few  hours,  quite  deftroy  that 
blacknefs,  and,  without  fenfibly  changing  their  bulk  or  figure,  reduce 
them  to  a  degree  of  whitenefs :  fo  much  do  thefe  two  colours  depend 
upon  the  dilpofition  of  the  little  pans  that  the  bodies  wherein  they  are 
to  be  met  with,  confift  of.    And  we  find,  that  if  white-wine  tartar,  or 
the  white  cryftals  of  fuch  tartar,  are  burnt,  without  being  truly  calcined,, 
the  Caput  mortuum  will  be  black.    But  if  the  calcination  be  continued  till 
th^  tartar  is  perfedUy  reduced  to  aihes,  and  kept  long  enough  in  a  ftrong 
fir0,  the  remaining  calx  will  be  white.    And  fo  we  fee,  that  not  only  other* 
vegetable  fubftances,  but  e\*en  white  woods,  as  the  hazel,  will  yidd  a-, 
black  charcoal,  and  afterwards  whitifli  afties.    Thus  alio  animal  fubr- 
ftances,  naturally  white,  as  bones  and  egg-lhells,  grow  black,  upoR  being ; 
.  burnt,  and  white  again,  when  perfeftly  calcined. 

5.  Yet  I  much  queftion  whether  the  rule,  adufia  nigrUj  perufla  alba^^ 
will  hold  as  univerlally  as  is  prefumed ;  for  I  have  feveral  examples  toal- 
ledge  againft  it.  By  burning  alabafter  fo  as  to  make  it  appear  to  bcnl 
almoft  like  milk,  and  to  reduce  it  to  ^  very  fine  powder,  it  would  not 
grow  black  at  all,  but  retain  its  pure  and  native  whitenefs :  and  tho',  by. 
keeping  it  longer  than  ufual  in  the  fire,  I  produced  a  faint  yellow  in  that 
part  ot  the  powder  which  lay  neareft  the  top  of  the  crucible ;  yet  a.  cur 
rious  and  experienced  ftone-cutter  told  me  he  had  found,  that  if  ala- 
bafter, or  plaifter  of  Paris,  be  very  long  kept  in  a  ftrong  fire,  the  whole 
heap  of  burnt  powder  would  exchange  its  whitenefs  for  a  much  deeper 
colour  than  the  yellow  I  cbferved.  Lead  caldned  with  a  ftrong  fire,  turns . 
at  length,  to  minium,  whole  colour  we  know  is  a  deep  red ;  and  if  this 
minium  be  again  urged  with  a  ftrong  fire,  you  will  iboner  find  a  glaflfy 
brittle  body,  darker  than  minium,  than  any  white  calx  or  glafs.  'Tis 
known  among  chymifts,  that  the  white  calx  of  antimony,  by  a  n^orc 
vehement  operation  of  the  fire,  may  be  melted  into  a  glafs  -y  which  we  have 
obtained  of  a  red  colour  far  deeper  than  that  of  the  calx  of  burnt  anti-» 
mony :  and  tho'  common  glafs  of  antimony,  being  ufually  adulterated . 
with  borax,  have  its  colour  thereby  diluted,  often  to  a  very  pale  yellow ; 
yet  not  only  ours,  made  more  genuinely,  was,  as  we  faid,  of  a  colour 
lels  remote  from  black  than  the  calx ;  but,  by  melting  it  once  or  twice 
more,  we  found  the  colour  heightened.  And  if  you  burn  blue  unfephifti- 
cated  vitriol  very  flowly,  and  with  a  gentle  degree  of  heat,  you  may 
obferve,  that  when  ^t\i  burnt  only  fo  far  as  to  rub  to  powder  betwixt 
your  fingers,  it  will  be  of  a  white,  or  w'nitifli  colour :  but:  if  you  profe- 
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Physics,  cute  the  calcination,  this  body  will  pals  thro'  other  colours,  as  a  grey, 
J  a  yellowifh,  and  a  redt  and  if  yoi^'  continue  it  in  a  long  and  vehement 
fire,  by  that  time  it  comes  to  be  thoi^oughiy  calcined,  it  will  be  dF  a  dark 

Krple,  nearer  to  black,  not  only  than  the  firft  calx,  but  than  the  vitriol, 
fore  it  at  ail  felt  the  fire.  I  might  add,  that  Crocus  Mortis^  made  by  the 
lafting  violence  of  the  reverberated  flames,  is  not  fo  near  to  white  as  the 
iron  or  fteel  that  afforded  it,  before  its  calcination. 

Thefe  inftances  may  fuffice  to  (hew,  that  minerals  are  to  be  excepted 
from  the  foremcntion'd  rule  j  which,  tho'  it  feldom  fails  in  fubftances 
belonging  to  the  animal  or  vegetable  kingdom,  may  yet  be  liifpefted  even 
in  fome  of  thefe,  if  Bellonius  fay  true,  that  charcoal,  made  of  the  wood 
of  oxycedar,  is  white.  And  I  could  not  find,  tho'  hart's-hom,  and 
other  white  bodies,  will  turn  black  in  retorts,  by  heat,  that  camphire 
would  at  all  lofe  its  whitenefs ;  tho'  I  have  purpofely  kept  it  in  fuch  a 
heat  as  made  it  melt  and  boil. 

6.  And  tho'  I  could  not,  in  clofed  glafles,  blacken  camphire  by  heat, 
but  it  would  fublime  to  the  fides  and  top  of  the  velfel  in  its  natural  form ; 
yet  being  fet  on  fire  in  the  free  air,  it  fends  out  a  great  fmoke :  and 
having,  purpofely,  upon  fome  of  it,  whilft  flaming,  clapt  a  large  glafs, 
almoft  in  the  form  of  a  hive,  with  a  hole  at  the  top,  it  continued  burn- 
ing, fo  as  to  line  all  the  infide  of  the  glafs  with  a  foot  as  black  as  ink ;  and 
in  fo  great  a  quantity,  that  the  clofenefs  of  the  veffel  confider'd,  almofl 
all  that  part  of  the  camphire  which  took  fire,  feem'd  to  have  been  changed 
into  that  deep  black  fubftance. 

7.  I  took  reftified  oil  of  vitriol,  and,  by  degrees,  mixed  with  it  a  con- 
venient proportion  of  the  eflential  oil  of  wormwood ;  and,  warily  diftil- 
ling  the  mixture  in  a  retort,  there  remained  a  fcarce  credible  quantity  of 
dry  matter,  black  as  a  coal.  And  becaufe  the  oil  of  wormwood,  tho'  a 
chymical  oil,  and  drawn  by  a  virtuofo,  feem'd  to  have  fomewhat  in  it  of 
the  colour  of  the  plant,  I  fubftituted,  in  its  room,  the  pure  and  fubtile  oil 
of  winter-favory ;  and  gradually  mixing  it  with  an  equal  weight  of  the 
lame  oil  of  vitriol,  and  diftilling  them,  as  before,  in  a  retort,  even  thefe 
two  clear  liquors  left  me  a  confiderable  proportion  of  a  fubftance  black 
as  pitch ;  which  I  keep  by  me  as  a  rarity. 

8.  Take  a  little  yeUow  wax,  Icraped,  or  thinly  fliced,  and  putting  it 
into  a  convenient  glafs,  pour  to  it  a  confiderable  quantity  of  fpirit  of 
wine ,'  and,  placing  the  veflel  in  warm  fand,  increaie  the  heat  by  de- 
grees, till  the  fpirit  of  wine  juft  begins  to  boil ;  and  by  continuing  that  de- 
gree of  heat,  you  will  quickly  find  the  wax  dilfolv  d  :  then  taking  it  off, 
you  may  either  fuffcr  it  to  cool  as  haftily  as  with  fafety  to  the  glals  it 
can,  or  pour  it,  whilft  yet  hot,  into  a  filtre  of  paper ;  and  either  in  the 
glals  where  it  cools,  or  in  the  filtre,  you  will  foon  nnd  the  wax  and  men- 
nruum  together  reduced  into  a  white  fubftance  almoft  like  butter ;  which, 
by  letting  the  fpirit  exhale,  will  Ihrink  into  a  much  lefs  bulk,  but  ftill 
retain  its  whitenels.  Tis  a  pretty  phenomenon  in  working  of  this  ma- 
^fiery  ^  waXj  that  the  yellowaels  vaniilies,  and  neither  appears  in  the 
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fpirit  of  wine  that  pzfks  limpid  thro'  the  ffltre,  nor  m  the  butter,  if  I  Physics. 
may  fo  call  it,  which  is  wax  well  and  fuddenly  blanched.  '  ^^'^^^ 

9.  We  took  two  parts  of  common  fiiblimate,  and  one  of  tin-glafs,  both 
finely  powdered,  and  exaftly  mixed ;  thefe  we  fublimed  together,  by  proper 
dcgiees  of  fire,  and  there  afcended  a  matter  of  a  very  peculiar  texture, 
for  the  moft  part  made  up  of  very  thin,  fmooth,  {06:,  flippery  plates,  al- 
irioft  like  the  fincft  fort  of  filh-fcales  ;  but  of  fo  lovely  a  white',  inclining 

'to  pearl-colour,  and  of  {o  curious  and  ihining  a  glofs,  that  they  ap- 
peared, in  feme  refpedls,  little  inferior  to  orient  pearls,  and,  in  others 

■  feem'd  to  furpafs  them.  They  were  applauded  for  a  Ibrt  of  the  prettieft 
trifles  we  had  ever  prepared  to  amufe  the  eye.  I  will  not  undertake, 
that  tho'  a  man  can  hardly  mifs  changing  the  colour  of  the  tin-^lafs,  that 
he  (hall  at  the  firft,  or  perhaps  the  fecond  trial,  hit  upon  the  tight  way 
of  making  this  glittering  fuhlimate. 

10.  When,  in  Ajua  firtis^  we  diflblve  a  mixture  of  gold  and  filver, 
melted  into  one  mafs,  it  ufually  happens,  that  the  powder  of  gold  which 
falls  to  the  bottom,  as  not  being  diflbluble  by  that  menftruum,  will  not 
retam  its  own  yellow,  but  appear  of  a  black  colour ;  tho'  neither  the  gold, 
the  filver,  nor  the  Afua  fortis  did  before  manifeft  any  blackncfs.  And 
many  chymifts,  when  they  make  folutions  of  minerals,  are  very  dad  to 
fee  a  black  powder  precipitated  to  the  bottom  ;  taking  it  for  a  hopeful 
fign,  that  thoie  particles  are  of  a  golden  nature,  wmch  appear  m  a 
colour  fo  common  to  gold,  when  (eparated  from  other  metals  by  jljua 
finis,  tho'  fo  obftinate,  that  it  is  hard  for  the  refiner  to  reduce  the  precipi* 
tated  calx  to  its  native  colour.  For  tho'  that  may  quickly  be  done  oy  foe, 
which  will  make  this  gold  look  very  charmingly,  and  is  indeed  one  of  the 
beft  ways  in  praftice  tor  the  refining  of  gold;  yet  it  requires  a  watchful 
eye,  and  comnetent  skill,  to  g^ve  it  fuch  a  degree  of  fire,  as  will  ferve  to 
reftore  its  hiftre,  without  bringing  it  to  fufion.  I  remember,  that  having 
taken  a  flat  bri^t  piece  of  gold  refined  by  a  curious  and  skilful  perlbn, 
on  purpofe  to  trjr  to  what  height  of  purity  that  metal  could  be  brousht  by 
art ;  I  found  this  very  piece,  as  glorious  as  it  look'd,  being  ruboM  a 
little  upon  fine  clean  linen,  fuUied  it  with  a  kind  of  black.  And  the 
like  I  have  obferved  in  refined  filver ;  which  I  therefore  mention,  becaufe 
I  formerly  fufpedked,  diat  the  impurity  of  the  metal  might  have  been 
the  only  caufe  of  what  I  have  ftrequentiy  obferved  in  wearing  filver- 
lulted  fwords,  that  where  they  rubb'd  upon  my  clothes,  when  made  of 
light-coloured  cloth,  they  would  quickly  black  them.  And  thus  alfo  I 
have  found  pens  blacked  nearly  aB  over,  upon  carrying  them  about  me 
in  a  filver  ink-cafe.  And  as  in  thefe  feveral  inftances  of  acquired  blackncfi, 
the  metals  are  worn  off,  or  otherwife  reduced  to  very  minute  pans,  'tis  a 
circuinftance  that  deferves  to  be  remark'd. 

11.  That  a  folution  of  filver  will  dye  hair  of  a  black  colour,  is  a 
known  experiment,  wherewith  fome  perfons  of  greater  curiofity  than 
skill  have  unluckily  made  their  friends  very  merry.  And  I  lately  diverted 
myfelf  by  an  improvement  of  this  obfervarion';  ^or  having  diiforved  fomc 
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.Phtsucs.  pure  filver  in  Aaua  fortls^  and  wholly  evaporated  the  menftruum,  I  caus'd 
L/VX^a  quantity  of  iair  water  to  be  poured  upon  the  calx,  two  or  three  fe- 
veral  times  ;  and  to  be  each  time  evaporated,  till  the  calx  was  very  dry, 
and  all  the  greenifti  blue,  that  ufually  appears  in  common  cryftals  of  fil- 
ver, quite  vaniflied :  after  tliis,  I  made  "thofe  I  had  a  defign  upon,  to  moiften 
ilbme  part  of  their  skin  with  their  own  fpittle,  and  (lightly  rub  the  moiftened 
pans  with  a  little  of  the  filver  thus  prepared ;  upon  which  they  were 
lurprized,  to  fee  that  a  fnow-white  body  Ihould  prefently  produce  a  deep 
blacknefs  there,  as  if  the  ftains  had  been  made  with  ink.  This  black- 
nefs  could  not,  like  that  produced  by  ink,  be  readily  waflied  away ;  but 
required  a  long  time  to  be  ^ot  oflf.  And  with  the  fame  calx,  and  a  little 
fair  water,  we  likewife  ftam'd  the  white  hafts  of  knives  with  a  lafting 
black,  in  thofe  parts  where  the  calx  was  plentifully  laid  on ;  but  where 
it  was  very  thinly  fpread,  the  ftain  was  not  of  quite  fo  deep  a  colour. 
Jmin^i»t9  12.  The.  caulc  of  blackncfs,  in  whole  nations  of  Negroes ,  has  been 
ff^^ffjft  .tf,y^long  difputcd  by  learned  men;  whopoffibly  had  done  well  to  have  con- 
McfMCfc  *  iidered  why  fbme  whole  races  of  other  anunals,  as  foxes  and  hares,  are 
diftinguilhea  by  a  blacknefs  unufual  to  the  generality  of  the  iame  fpecles. 
However^  I  inall  freely  acknowledge,  that  this  inquiry  feems  more  ab- 
itrufe  to  me  than  it  does  to  many  others  i  becaufe,  confulting  many 
authors,  the  accounts  of  voyages,  and  travellers,  to  iatisfy  myfelf  in 
matters  of  £a£b  relating  to  jtj  I  have  met  with  fbme  things  among 
them^ .  winch  feen^  not  .  to  a^ee  with  the  notion  of  the.  moft  ck£Sc 
writen  upon  this  head.  As  it  is,  therefore,  my-prefent  bufinefs  to  deliver 
rather  matters  hiflorical,  than  theoretical,  I  Dull  annex  fome  few  of  my 
GoUedUons,  inftead  of  a  formal  difputation. 

It  as  commonly  prefum^,  that  the  heat  of  the  climates,  inhabited  by  Ne- 
>grtesj^'\%  the  cauie  of  their  colour  ;  and  this,  principally,  becaufe  we, plainly 
£bey  that  mowers,  reapers,  and  other  cou4t£y  people,  who  ijpend  the  moft 
part  of  tbeXummer-days  in  the  heat  of  t^  fun,  have  the  skin  of  their  hands 
and  faces^  which  are  the  parts  immeiliatety  expbfed  to  his  rays,  of  a  dark 
colour,  and  tending  to  blacknefs.  On  the  contrary,  we  obferve,  that  the 
Danesy  and  other  inhabitants  of  cokl  climates,  and  even  the  Evjglifij  who  feel 
not  fo  fevere  a  degree  of  cold,  have  ufually  whiter  faces  .than  the  junior  is  ^ 
pQtmguei^^  gnd  othex  Europeaas'  of  hotter  countries.  But  this  argument 
feeips  far  more  fpecious  than  convincing  ;  for  tho'  the  heat  of  xhe  fun 
may  darken  the  colour  of  the  skin,  yet  experience  doth  not  Ihew,  that 
heat  alone  is  fufficient  to  produce  a  dilcolouration,  which  fhall  amount  to 
a  true  blgcknefii,  likexhflit  of.  the  Negroes.  Befides,  in  mai^y  parts  o{J£a, 
undtr  thefanoe  paxallei,.  or  in  th^  f^mc  degree  ot! . Ijgtitude  with  the , -^fri- 
€an  regions,  inhabited  by  blafks,  the  people  are  but  tawny.  And  in 
jijrica^  itHcii^  many  nations  in  the, empire  of  Ethiopia  are  not  Negroes ^  tho* 
iituate  in  the  torrid  zone,  and  as  near  the  equinoftial,  as  other  nations, 
that  are  black.  Again,  I  find  not,  by  the  beft  accounts,  I  could  any 
where  obtain  o{  th^  tVeft'-Iiuii^s,  that,  excepting,  perhaps,  one.  place,  or 

twoj,  of  IhuJl  extent,    there  are  ajiy  blacks,  originally  natiyfs  of  any 

part 
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part  of  Amerua  ;  for  the  blacks,  now  there,  were^,  By  the  Europeans ^^  PhVsics. 
lor.g  ago  tranfplantcd  thither :  tho^  it  contains  fo  great  a  variety  of  cli-  K^^'^TSJ 
mates,  and  particularly  reaches  quite  crofs  the  torrid  zone,  from  one 
tropic  to  the  other.  'Tis  true,  tlie  Danes  are  a  whiter  people  than  the 
Spaniards ;  yet  this  may  proceed  rather  from  other  caufes,  than  the  cold- 
nefis  of  die  climate  ;  fince  the  Swedes,  and  other  inhabitants  of  thofc  cold 
countries,  are  not  ufually  fo  white  as  the  jDj»^/,  nor  whiter  than  other 
nations,  in  proportion  to  their  diftance  from  the  pole.  And,  in  the  nume- 
rous train  of  an  ambaflador  extraordinary  from  the  Rujjian  emperor,  I 
obferved,  tho'  it  were  then  winter,  the  colour  of  their  hair  and  skins  was 
far  lefs  whitifli  than  that  of  the  Danes^  who  inhabit  a  milder  region ;  and 
rather,  for  the  moll  part,  of  a  darkilh  brown.  And  the  phyfician  to  this 
a»mba(£ador  told  me,  that,  in  Mufcovy  itfelf,  the  generality  of  the  people 
were  more  inclined  to  have  dark-coloured  hair,  than  flaxen  ;  but  leem'd 
to  fufpeft,  that  the  true  and  ancient  Ruffians^  fome  whereof  he  had  met 
with  in  one  of  the  provinces  of  that  vaft  empire,  were  rather  white,  like 
the  Danes^  than  any  thin^  near  fo  brown,  as  the  prefent  M^fcovites, 
whom  he  gueflcs  to  be  deicended  from  the  Tartars,  and  to  have  inherited 
their  colour  from  them. 

But  further,  eminent  authors  inform  us,  that  there  are  Negroes  in 
Africaj  not  far  from  the  cape  of  Good^Hope,  and  confequently  beyond  the 
fbuthern  tropic ;  and  out  ot  the  torrid  zone,  about  the  feme  latitude  to  the 
north,  there  are  many  American  nations,  that  are  not  Negroes ;  and 
wherein  the  inhabitants  of  Candia,  fome  parts  of  Sicily,  and  even  of  Spain, 
are  notfb  much  as^tawny.  Nay,  I  find,  by  our  lateft  accounts  of  Green^ 
Lmd,  that,  the  inhabitants  there  are  olive-colour'd,  or  rather  of  a  darker 
hue.  But  if  the  cafe  were  the  feme  with  men,  and  thofe  other  kinds  of  ani- 
malsy  before  mentioned ;  I  ihould  offer  a  remark,  as  a  confiderable  proof, 
that  cold  may  do  much  towards  making  men  white,  or  black.  However  it 
be,  I  fliall  fet  down  the  obfervation,  as  deferving  a  place  in  the  hiftory  of 
whitenefe  and  blacknefs.  It  is  affirmed  by  Olaus  Magnus,  and  others, 
that  in  fome  parts  of  Rufjta  and  Livonia,  hares,  foxes,  and  partridges, 
which  were  buick  before,  or  red,  or  grey,  become  white  in  the  depth  of 
winter,  by  reaibn  of  the  great  coldnefs  thereof.  And  a  virtuofo,  who 
lately  travelled  thro*  Livonia  to  Mofcow,  confirms  this  relation ;  adding, 
that  himfeif  had  feen  fuch  animals  there,  whUft  they  were  white,  which 
the  inhabitants  afiured  him  had  been  black,  or  of  other  colours,  before 
the  winter  began,  and  that  they  would  be  fo  again,  when  that  feafou 
was  over.  But,  for  further  fatisfaftion,  I  alfo  confulted  one,  who  had, 
for  fome  year's,  been  an  eminent  phyfician  in  Rujjia,  and  who,  tho*  he 
rejeded  fome  other  traditions,  that  are  generally  believed  concerning 
that  country,  told  me,  he  faw  no  caufe  to  doubt  of  this  relation,  as  to 
foxes  and  hares ;  not  only  becaufe  'tis  the  common  and  uncontefted  af- 
iertion  of  the  natives,  but  alfo,  becaufe  he  liimfelf,  in  the  winter,  could 
never,  that  he  rememJbcr'd,  fee  foxes  and  hares  of  any  other  colour  than 
white.    And  I  xnyfelf,  having  ffeen  a  fj3aaU  wHite  lox  brought  out  oT 

G  2  Rjiffia, 


44  Exferiments  and  Objervations 

Fhtsics.  Rs^Jta  into  England  towards  the  latter  end  of  winter,  foretold  thofe  who 
fliew'd  him  me,  that  he  would  change  coloitr  in  the  fummer ;  and  accord- 
va^Vy  coming  to  look  upon  him  in  7«/j',  I  found  that  his  back  and  fides, 
with  the  upper  part  of  his  head  and  tail,  were  already  grown  of  a  dark 
colour ;  the  lower  part  of  the  head  and  belly  ftill  continuing  white. 

Let  me  add,  ;nat  were  it  not  for  fome  fcruple,  I  ihould  think  more 
than  what  Olaus  relates  confirmed  by  Olearius^  who,  in  his  Account  oiMuf- 
ccvjy  has  this  pafla^  :  "  The  hares  are  there  grey,  but  in  fome  provin- 

**  ces  they  grow  white  in  the  winter/'    And  foon  after "  It  is  not  very 

^^  difficult  to  find  the  caufe  of  this  chanee,  which  certainly  proceeds  from 
"  the  outward  cdd;  fince  I  know  that  even  in  fummer,  hares  will 
**  change  their  colour,  if  they  be  kept  for  a  competent  time  in  a  cellar/* 
But  in  the  fame  page,  this  author  affirms  the  like  chaise  of  colour  that 
happens  to  hares  in  lome  provinces  of  Mufcovy^  happens  to  them  alfo  in 
Uvonia ;  and  yet  immediately  fubjdns,  that  in  Curland  the  hares  vary  nor 
their  cofeur  in  winter,  tho'  the  two  latter  countries  be  divided  only  by 
the  river  Dugna :  for  it  is  Icarce  conceivable,  how  cold  alone  fhould  have^ 
in  coimtries  io  near,  fo  very  differing  an  effect ;  tho'  not  more  ftrange, 
than  what  is  believed  by  thcde  who  aicribe  the  complexion  of  negroes  to 
the  heat  of  the  fun,  when  they  would  have  the  river  Cenega  fo  to  affe£fc 
the  Mam^  that  tho'  on  the  north  fide  they  are  but  tawny,  on  the  other 
fide  they  are  black.  There  is  another  opinion  as  to  the  complexion  of  the 
negroes,  not  only  embracM  b^  many  of  the  more  vulgar  writers,  but  by 
men  of  eminence  and  learning ;  who  would  have  their  blacknefs  an  e£fe^ 
of  Noah*s  curie  upon  Cham.  But  tho  a  naturalift  may  fafely  believe  all 
the  miracles  attefted  by  the  holy  fcriptures,  jret  in  this  caie  to  Ry  to  a 
fupematural  caufe,  will,  I  fear,  look  like  fining  off  the  difficulty,  mftead 
of  folvin^  it ;  for  we  here  enquire  not  into  the  nrft  and  univerfal,  but  the 

5>roper,  immediate,  and  phyncal  caufe  of  the  blacknefs  in  negroes.  Be- 
ides,  'tis  not  exprefs'd  m  fcripture,  that  the  curfe  meant  by  Noah  to 
Cham,  was  the  blacknefs  of  his  pofterity ;  but  'tis  plain  this  curfe  was 
quite  another  thing,  clearly  expreffing  that  he  fhould  be  a  fervant  of  fer- 
vants,  that  is,  a  very  abjeft  fervant  to  his  brethren :  which  accordingly, 
in  fome  meafure,  came  to  oafs,  when  the  IJraelites,  the  pofterity  of  Sem, 
fubdued  the  Canaanites  that  defcended  from  Cham^  and  kept  them  in  great 
fubje£tion.  But  how  is  blacknefs  a  curfe  ?  for  navigators  tell  us  of  black 
nations,  who  think  fo  differently  of  their  own  condition,  that  they  paint  the 
devil  white, 

Blacknefs  is  not  inconfiftent  with  beauty,  which  depends  not  fo  much 
upon  colour,  as  an  advantageous  flature,  a  comdy  fymmetry  of  the  parts 
€i  the  body,  and  jufl  features  in  the  fiice ;  fo  that  I  fee  not  why  it  fhould 
be  thought  fuch  a  curie  to  the  n^oes,  unlefs,  perhaps,  they  going  naked 
in  thofe  hot  climates,  the  colour  of  their  skin  probably  makes  the  fun- 
beams  more  fc*orchii^  to  them,  than  they  would  prove  to  people  of  a 
white  complexion.  'Tis  very  probable  that  the  principal  caufe  ox  black- 
aeis  in  n^roes,  is  fome  peculiar  and  Ibminal  impreffioa;  for  black  chil- 
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dren,  brought  over  into  diefe  colder  climates^  loie  not  their  colour.  And  Physic! 
credible  authors  inform  us,  that  the  offspring  of  negroes,  tranfplanted 
out  of  Africa  above  a  hundred  years  ago,  ftiU  retain  the  complexion  of 
their  progenitors ;  tho'  poflibly,  in  traft  of  time,  it  will  decav :  on  the 
other  nand,  white  people  removing  into  very  hot  climates,  have  their 
skins,  by  the  heat  of  the  fun,  fcorch'd  into  dark  colours  \  tho'  neither 
they  nor  their  children  are  obferv'd,  even  in  the  countries  of  negroes,  to 
delcend  to  a  true  black.  Yet  Pifo  tells  us,  that  betwixt  the  AmericoHs  and 
n^ces,  are  generated  a  diftindt  fort  of  men,  which  they  call  Cabocles ; 
and  that  betwixt  Portuguex^  men  and  Ethiopian  women,  he  has  fometimes 
feen  twins,  one  whereof  had  a  white  skin,  and  the  other  a  black  one, 
with  other  the  like  effedis  of  feminal  impreffions,  from  whence  they  feem 
to  nrcceed ;  fince  even  organical  parts  may  receive  great  differences  from 
fucn  peculiar  impreffions,  upon  what  account  ibever  they  came  to  be  fet- 
tled in  the  firft  individuals,  from  whom  they  are  propagated  to  pofterity ; 
as  we  fee  in  the  thick  lips  and  flat  nofes  of  moft  nations  of  ne^es.  And 
if  we  may  credit  what  learned  men  deliver  concerning  the  little  feet  of 
the  Chinefiy  the  Macrocefhali^  taken  notice  of  by  Hippocrates^  will  not  be  the  * 
only  inftance  we  might  apply  to  our  prefent  purpole.  And  on  this  occaHon 
it  may  not  be  impertinent  to  add  what  I  have  obierved  in  other  ani^ 
mals.  Thus  there  is  a  fort  of  hens  which  want  rumps ;  and  I  have  feen  a ' 
perfedly  white  raven,  both  in  bill  and  feathers ;  which  I  attentively  con«- 
fider'd,  for  fear  of  being  impos'd  upon.  A  very  ingenious  phyfician  has 
often  told  me  of  a  young  lacly,  a  patient  of  his,  who  greatly  oomplain'd 
of  want  of  health,  tho  there  ajppcar'd  fo  little  caufe  thereof  in  any  re«- 
fpeA,  that  he  concluded  it  wholly  imaginary,  and  advis'd  only  little 
journeys  of  pleafure ;  when  going  once  to  vifit  St.  JVinifrid^  well,  the 
lady,  who  was  a  catholic,  and  devout  in  her  religion,  having  continued  ft  * 
pretty  while  in  the  water,  to  perform  fome  devotions,  fix'd  her  eyes  very 
attentively  upon  the  red  pebble  ftones,  which,  in  a  fcatter'd  order,  made  * 
a  large  part  of  thofe  that  appeared  thro  the  water.  A  while  after  this^ 
(he  grew  big,  went  her  time^  and  was  delivered  of  a  child,  whofe  skin 
was  plentifully  fpeckled  with  fpots  of  the  colow:  and  magnitude  of  thofc 
flones :  and  tho'  this  child  is  many  years  old,  yet  (he  flill  retains  them. 

I  have  but  two  things  here  to  add  concerning  the  blacknefs  of  negroes; 
the  one  is,  that  the  feat  of  that  colour,  feems  to  be  only  the  thin  outward . 
skin ;  for  I  knew  a  youn^  black,  who,  having  been  lightly  (ick  of  the 
fmall-pox  or  meafle^  had,  m  the  places  of  thefpufhiles,  whitiih  fpecks 
left  behind.  And  Pifo  aifores  us,  that  upon  difli^ing  nwny  negroes  in 
Brazalj  he  found  their  blacknefs  went  no  deeper  than  the  cuticle,  which 
being  removed,  the  cutis  appear'd  as  white  as  that  of  European  bodies. 
And  the  like  has  been  affirmed  to  me  by  a  phyfician,  who  diflefted  a  ne- 
groe  in  England.  The  other  thing  I  ihalL here  take  notice  of  concerning: 
negroes,  is,  that  an  intelligent  acquaintance  of  mine^  who  keeps  about 
three  hundred,  women  and  men,  to  work  in  his  plantations  in  the  Indies^ 
told  me  their  children  came  into  the  world  almoft  of  the  Uke  reddifb  co- 
lour. 
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Physics,   lour  with  our  European  children  ;    and  that  in  a  few  days  after  they  ap- 
^^'^^^  '  pear'd  black.     Agreeable  hereto  is  the  account  lately  publifli'd  by  a  Jefuit, 
one  of  the  miffionaries  into  Sotah-America,    who  there  baptiz  d  leveral 
infants ;  which,  when  newly  born,  he  fays,  were  much  of  the  fame  colour 
with  European  children,  but  within  about  a  week  begin  to  put  on  the  hue 
of  their  parents.    More  full  isvthe  teftimony  of  our  countryman,  Andrew 
'Battel ;  who  being  fent  prifoner  to  Angola,  lived  there,  and  in  the  adjoin- 
ing regions,  near  eighteen  years ;  for  he  mentioning  the  African  kingdom  of 
Longo  peopled  with  blacks,  fays,  according  to  Purchax,  "  The  children  in 
this  country  are  born  white,  and  change  their  colour  in  two  days  to  a 
perfect  black.    The  Portuguez^y  in  the  kingdom  oiLongo,  havefometimes 
children  by  the  negroe  women ;    and  the  fathers  are  often  deceived, 
thinking  that  when  the  child  is  born,  it  is  theirs,  and  ^Yithin  two  days 
it  proves  itfelf  the  child  of  a  n^roe.'*     And  the  fame  perfon  has  elfe- 
where  a  relation,  which,  if  we  may  credit  it,  is  very  well  worth  our  notice ; 
fince  this,  together  with  what  we  have  formerly  mentioned  of  feminal  im- 
preffions,  (hews  it  poifible  that  a  race  of  blacks  might  be  begun,  tho'  none 
of  the  ibns  of  Adam  were  for  many  precedent  generations  of  that  com- 
plexion.   Tis  furely  as  poffible,  that  white  parents  may  fometimes  have 
olack  children,  as  that  African  negroes  ihould  fometimes  have  laftingly 
white  ones ;  efpecially  fince  concurrent  caufes  may  more  eafily  favour  the 
produfHon  of  the  former,  than,  in  the  fcorching  heat  of  Africa^  that  of 
the  latter.    And  I  remember,  what  may  a  little  countenance  this  affertion^ 
that  the  pofTelTor  of  the  white  raven  I  formerly  mentioned,  affirm'd  to  me, 
that  in  the  ncft,  out  of  which  he  was  taken  white,  they  found  with  him 
another  young  one,  of  as  perfect  a  black  as  any  common  raven.    But  to 
come  to  the  paflage  itfelf :    "  There  are,  fays  our  author,  fpeaking  of  the 
"  regions  formerly  mentioned,  bom  in  this  country  white  children,  which 
is  very  rare  among  them,  for  their  parents  are  n^oes ;  and  when  any 
of  them  are  bom,  they  are  prefented  to  the  king,  and  are  caird  Dondos. 
Thefe,  who  are  as  white  as  any  white  men,  arc  the  king's  witches, 
and  are  brought  up  in  witchcraft,  and  always  wait  on  the  king.  There 
is  no  man  that  dares  meddle  with  thefe  Dondos ;  if  they  go  to  the  mar- 
ket, they  may  take  what  they  lift ;  for  all  men  ftand  in  awe  of  them. 
The  King  of  Longo  hath  four  of  them.**    Yet  this  country  in  our  globes 
is  placed  illmoft  in  the  midft  of  the  torrid  zone ;  and  our  author  elfewhere 
teUs  us,  tharthe  inhabitants  here  are  fo  fond  of  their  blacknefs,  that  they 
will  not  fufier  the  whiles  to  be  buried  in  their  land ;   of  which  he  an- 
nexes a  particular,  example,    that  may  be  feen  in  his  voyage,  preferv'd 
by  the  indix&hons  Purchas.    But  it  is  high  time  to  return  to  our  expe- 
riments. 
liuu^sfn-^      15.    The  way  of  producing  whitenefs  by  chymical  precipitations,  is 
liitmiSm  ^"^'  worth  our  obferving ;  for  thereby  bodies  of  very  different  colours 
and  na]tures,  tho*  diffolved  in  various  liquors,  are  all  reduced  to  white 
powders.    Thus  we  find,  that  not  only  crabs  cyts^  and  pearls,    but  red 
coral,  and  minium,  being  didolved  in  ipirit    of  vinegar,  may  be  uni- 
formly 
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formty  precipitated  by  oil  of  tartar  into  a  white  calx.  Thus  filver,  and  Physicj 
tin,  feparately  diflblved  in  Aquafortis,  will  the  one  precipitate  itfelf,  and  ^•VN 
the  other  be  precipitated,  by  common  falt-water  into  white  powders ; 
and  fo  will  crude  lead,  tin-glafs,  and  quick-filver,  diflblved  in  Aquafortis, 
and  precipitated ;  and  many  of  thefe  powders  may  be  made,  at  leaft,  as 
fair  and  white,  if,  inftead  of  oil  of  tartar,  they  ^cre  precipitated  with 
oil  of  vitriol.  Nay,  that  black  mineral  antimony  being  reduced,  by  the 
falts  that  conair  to  compofe  common  fublimate,  into  the  clear  undluous 
liquor,  called  reftifyM  butter  of  antimony,  will,  as  was  before  obferved, 
by  the  bare  plentiful  afifu/ion  of  fair  water,  be  ftruck  down  into  a  fnow- 
white  powder ;  which,  when  well  waflied  from  its  faltnefs,  is  term'd 
Mercmrius  vita;  tho*  the  like  gpwder  may  be  made  of  antimony,  without 
the  addition  of  any  mercury  at  all.  And  this  whitenefs  commonly  en- 
fues^  when  fpirit  of  wine,  impregnated  with  thofe  parts  of  gums,  or 
other  vegetable  concretions,  fuppofed  to  abound  with  fulphureous  cor- 
pufcles,  is  fuddenly  diluted  with  fair  water.  And  on  a  tinfture  of 
benjamin,  drawn  with  ipirit  of  wine,  and  brought  to  be  as  red  as 
blood,  having  poured  fome  fair  water,  it  prefenjtly  united  with  the- 
dnfture,  and  turn'd  the  whole  mixture  white.  But  it  fuch  milky  fluids  . 
be  fuftered  to  ftand  at  reft  for  a  convenient  time,  they  ufually  let  fall 
to  the  bottom  a  refinous  fubftance ;  which  the  fpirit  of  wine,  diluted,  and 
weakned  by  the  water,  was  unable  any  longer  to  fuftain.  And  fome^ 
riling  of  kin  to  this  change  of  colour  in  vegetables,  is  that  which  chymifts 
obferve,  in  pouring  acid  fpirits  to  the  red  folution  of  fulphur,  made  with 
an  infufion  of  pot-alhes,  or  fome  iharp  lixivium  ;  when  the  precipitated 
fulphur,  before  it  fubfides,  immediately  turns  the  red  liquor  white. 
But  tho*  moft  precipitated  bodies  are  white,  yet  fome  are  not.  Gold, 
di(&>lved  in  Aqua  regis,  whether  precipitated  with  oil  of  tartar,  or  with 
fpirit  of  fal-armoniac,  will  not  afford  a  white,  but  a  ydlow  calx.  Mercu- 
ry alfo,  tho'  reduced  to  fublimate,  and  precipitated  with  liquors,  abound- 
ing in  volatile  falts,  as  the  fpirits  drawn  firom  urine,  hartVhorn,  and 
other  animal  fubftances;  yet  afibrds,  as  we  formerly  noted,  a  white 

(precipitate :  but,  widi  fome  fblutions,  hereafter  to  be  mentioned,  it  will . 
et  fell  an  orange-tawny  powder.  And  fo  will  crude  antimony,  if,  be- 
ing diflblved  in  a  ftrong  lixivium,  you  pour  any  acid  liquor  upon  the  fo- 
lution, newly  filtted,  whilft  it  is  yet  warm.  And  if,  upon  the  filtred 
folution  of  vitriol,  you  pour  a  folution  of  lixiviate  falts,  there  will  fub- 
(ide  a  large  fubftance,  very  far  from  white,  which  the  chymifts  call  ful- 
phur of  vitriol ;  for  that  thegreatcft  part  of  diflblved  bodies  being,  by 
precipitation,  brought  to  white  powders,  arid  yet  fome  affording  preci- 
pitates of  other  colours,  the  realon  of  both  the  phenomena  may  defcrve 
to  be  inquired  into. 

14.  Some  learned  modems  are  of  opinion,  that  the  reafon  why  white- ^^kJl'ii?!^ 
nefs  and  blacknefs  ought  to  be  called  the  two  extreme  colours,  is,  that  I^SU^  II!J 
black  receives  no  other  colour,  but  white  very  cafily  receives  them  ^^Ut^'t^^ 
And,  jiot  to  difputc  about  words,  or  expr«flk)ns,  the  thing  itfelf,  that  is 

affirmed 
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Physics,   affirmed  as  matter  of  faft,  feems  to  be  true,  in  moft  caies,  but  not  in 
all.     For  tho'  it  be  a  common  obiervation  among  dyers^  that  cloth,  which 
has  once  been  thoroughly  imbued  with  black,  cannot  well  afterwards  be 
dyed  of  a  lighter  colour;   yet    the  experiments,  lately  delivered,  may 
«fhew,  that,  were  the  change  of  colour  in  black  bodies  attempted,  not 
by  mixing  thofe  of  lighter  colours  with  them,  but  by  adding  fuch  things, 
as  are  proper  to  alter  the  texture  of  thofe  corpufcles,  which  contain  tnc 
black;  *tis  no  difficult  matter  to  efFeft.      For  inks  of  feveral    kinds, 
may  immediately  be  deprived  of  all  their  blacknefs ;    and  thofe  made 
with  log-wood,  and  red  rofes,  be  changed,  the  one  into  a  red,    the 
other   into  a  reddifh  liquor.     .With  oil   oif  vitriol,  I  have  fometimes 
turn'd  black  pieces  of  filk  into  a  kind  of  yellow ;  and  tho'  the  tafia ty 
were  thereby  made  rotten,  yet  that  no  way  prejudices  the  experiment  ; 
the  change  of  black  filk,   into  yellow,    being  never  the  lefs  true,  be- 
caufe  the  yellow  filk  is  not  good.     And  as  for  whitenefs,  I  think  the 
general  afhrmation  of  its  being  fo  eafily  deftroyed,  or  tranfmuted,  by 
any  other  colour,  ought  not  to  be  received,  without  fome  cautions,  and 
reftriflions.    For  tho ,  according  to  what  I  formerly  noted,  lead  is,  by 
calcination,  tumM  into  that  red  powder,  called  minium  ;  and  tin,  by  the 
fame  means,  reduced  to  a  white  calx ;  yet  the  common  putty,  inftead  of 
being,  as  it  is  pi^etended,  and  ought  to  be,  only  the  calx  ot  tin,  is,  by 
the  artificers  who  make  it,  to  fave  the  charge  of  that  metal,  compofed 
but  of  half  dn,  and  half  lead,  if  not  far  more  lead  than  tin ;  and  yet 
the  putty,  in  fpi^ht  of  to  much  lead,  is  a  very  white  powder,  without 
difclofing  any  mixture  of  minium.    And  fo,  if  you  take  two  parts  of 
copper,  which  is  a  high-coloured  metal,  and  but  one  of  tin,  you  may,  by 
fiifion,  bring  them  into  a  mafs,  wherein  the  whitenefs  of  the  tin  is  much 
vmore  conipicuous,  and  predominant,  than  the  reddilhnefs  of  the  copper. 
And  a  very  honeft  man  affiires  me  upon  his  own  experience,  that  if 
arienic  and  copper  be  melted  together  in  a  due  proportion,  the  arfenic  will 
i)lanch  the^ropper  both  within  and  witheut ;  and  that  this  white  mixture, 
*skilfully  kept  upon  the  cupel,  would  preiently  let  go  its  arienic,  which 
made  whitenefs  its  predominant  colour,  and  return  to  the  reddiihnefs  of 
copper :  fb^that  fome  white  mineral  bodies  may  be  very  capable  of  eclip- 
fing  others,  and  of  making  their  x:olour  predominant  in  mixtures.    jiVnd, 
as  a  further  confirmation  of  this,  I  remember,  that  I  had  a  lump  of 
filver  and  gold,  melted  tc^ether,  wherein,  by  the  eftimate  of  a  very  ex- 
perienced refiner,  there  might  be  about  a  third  part  of  gold ;  yet  the 
jvellow  colour  of  that  metal  was  fo  hid,  that  the  wnole  ma&  appeared  to 
•be  filver ;    and,    when  rubbed  upon  the  touch-fjtone,  'twas  not  eafily 
<liftingui(hed  from  the  touch  of  common  filver :  tho*  if  I  put  a  little  Aqua 
firtis,  upon  any  pan  of  the  white  furface  it  had  given  the  touch-flone, 
the  filver,  in  the  moiftened  part,  being  immediately  taken  up,  and  con* 
ceal'd  .by  the  liquor,  the  golden  particles  would  prefently  dilcbfe  them- 
ielves«  and  look  as  if  pure  gold  alone  had  been  rubbed  upon  the  ftone. 

15.  Having 
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1 5.  Having  fcraped  a  piece  of  black  horn,  with  a  piece  of  glafs,  into  ma-  Physics. 
ny  thin  curled  fliavings,  and  laid  a  quantity  of  them  together ;  I  found,  V^W^/ 
that  the  heap  they  compofed,  was  white :  and  tho*  if  I  laid  it  on  a  clean 

piece  of  white"  paper,  its  colour  feem'd  fomewhat  eclipfed  by  the  greater 
whitenefs  of  that  body;  yet  if  I  laid  it  upon  any  thing  very  black,  it  ap- 
peared to  be  of  a  good  white.  This  cafy  experiment  leems  very  oppofite  to  Cokurs  //r/Mi 
their  dcftrine,  who  would  have  colours  flow  from  the  fubftantial  formsJ}*,Jf^/y^^^ 
of  bodies ;  and  that  of  the  chymifts  alfo,  who  afcribe  them  to  one,  or  m»«- 
other,  of  the  three  hypoftatical  principles:  for  tho',  in  our  cafe,  there 
was  fo  great  a  change  made,  that  the  fame  body,  without  being,  fub- 
ftantially,  either  increas'd,  orleflen'd,  pafles  immediately  from  one  ex- 
treme colour  to  another,  even  from  bkck  to  white ;  yet  this  fo  great  and 
fudden  change,  is  effefted  by  a  flight  mechanical  tranfpofition  of  parts ; 
there  being  no  fait,  fulphur,  or  mercury,  added,  or  taken  away ;  nor 
any  fubllantial  form  generated,  and  deftroyed ;  the  eftefk  proceeding  only 
from  a  local  wiotion  of  the  parts :  which  fo  vary'd  their  pofition,  as  to 
multiply  their  diftindl  furfaces,  and  qualify  them  to  refleft  tar  more  light 
to  the  eve,  than  they  could  before  they  were  fcraped  off  from  the  entire 
body  01  the  black  horn. 

16.  The  chymifts,  we  know,  uliially  aflign,  fcr  the  caufe  of  b^^^^"  ^wSTI/ ' 
nefs,  the  fuliginous  fteams  of  aduft  fulphur;  but  many  of  the  preceding  ^f^db^s  cc«r' 
experiments  will  abundantly  confute  this  doftrine.    If  they  here  mean  the  /«^- 
fumes  of  common  fulphur,  'tis  proper  to  remind  them,  that  fufion,  or 
fublimation,  does  not  turn  that  fubfbnce  black ;  but  it  thereby  becomes 
rather  more  than  lefs  white  ;  and,  when  fired,  it  affords  fo  little  foot,  as 
fcarce,  in  any  degree,  to  blacken  white  paper ;  but  the  fmoke  of  it  rather 
blanches  linen,  and  turns  red  rofes  pale.    Belides,  I  have  feen  a  fixed 

kind  of  fulphur  kept,  for  many  weeks  together,  in  a  very  violent  fire, 
that  did  not,  when  coolM,  appear  black,  but  of  a  true  red.  If,  by  ful« 
phur,  they  mean  the  fulphureous  principle ;  upon  this  fuppofition,  torri- 
fyd  fulphur  ihould  afford  more  blacknefs,  than  moft  other  concretes; 
wherein  that  principle  is  fuppofed  more  deficient.  Yet  fpirit  of  wine,  tlio* 
totalljr  inflammable,  will  not,  by  burning,  dilcolour  white  paper,  held 
over  it ;  and  the  fmoke  of  our  T^nij  coals  has  been  foimd,  rather  to 
blanch,  than  blacken  linen.  To  thefe  particulars,  many  others,  of  the 
lame  kind^  might  be  added ;  but  we  need  only  look  back,  for  further  fa* 
tisfaAion,  to  our  way  of  making  black  inks,  from  fubftances  of  different 
colours ;  for  how  can  it  be  laid,  that,  when  the  component  liquors  thereof 
are  put  together,  a£hially  cold,  and  continue  fo,  after  their  mixture, 
there  intervenes  any  new  aduftion  of  fnlphur,  to  produce  the  emergent 
blacknefs  ?  And  when,  by  inftilling  a  few  drops  of  oil  of  vitriol, 
&c.  the  blacknefs,  produced  in  thofe  experiments,  is  prefently  deftroy'd  ^ 
if  the  colour  proceeded  only  from  tne  fulphureous  parts,  torrify'd, 
in  the  black  bodies,  I  demand,  what  becomes  of  them,  when  the  co- 
lour fb  fuddenly  di^ppears  ?  for  it  cannot  reafbnably  be  faid,  that  all 
thofe  which  fuinced  to  make  fo  great  a  quantity  of  black  matter,  fhould 
Vol.  IL  H  refort 
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Physics,  tefort  to  fo  very  fmall  a  proponion  of  the  clarifying  liquor,  and  be  di- 
luted  by  it,  witnout  giving  it  any  blacknefs.  And  if  it  be  (aid,  that  the 
inftilled  liquor  difperfed  wiofe  black  corpufcles ;  I  demand  how  that  dif- 
perfion  ccmes  to  deftroy  their  blacknefs,  but  by  fuch  a  local  motion  of 
their  parts,  as  deftroys  their  former  texture  ?  This  may  be  a  matter  of 
fuch  moment,  in  cafes  like  ours,  that  I  remember  I  have,  in  a  few  hours, 
without  addition,  from  foot  itfelf,  obtainM  a  large  quantity  of  cryftalline 
fait,  and  of  a  tranfparent  liquor  ;  yet  this  black  fubftance  had  its  colour 
fo  altered,  by  the  change  of  its  texture  from  the  fire  wherewith  it  was 
diftilled,  that  it  did,  for  a  great  while,  afford  fuch  plenty  of  very  white 
exhalations,  that  the  receiver,  tho*  large,  feem'd  to  be  almoft  filled  with 
milk.  Secondly,  But  were  it  granted,  as  it  is  in  fbme  cafes  not  impro- 
bable, that  bodies  may  receive  a  blacknefs  from  a  footy  exhalatioft,  oc- 
cafionM  by  the  aduflion  of  their  fulphur,  or  oily  parts  ;  yet  this  is  appli- 
cable only  to  fome  particular  bodies,  and  will  afford  u,s  no  general 
theory  of*^  blacknefs.  For  if,  for  example,  white  hart's-horn,  included 
in  veuels  well  luted  to  each  other,  and  expo£ed  to  the  fire,  be  faid  to  turn 
black,  by  the  infedlion  of  its  own  fmoke^  I  think  I  may  juftly  demand, 
what  makes  the  fmokc,  or  loot  itfelf,  black,  fince  no  fuch  colour  ap- 
peared before  in  the  hart*s-horn  ?  And,  with  the  fame  reafon,  when  we 
are  told,  that  torrify'd  fulphur  makes  bodies  black ;  I  defire  to  be  told 
alfo,  why  torrifaftion  makes  fulphur  itfelf  black  ?  Nor  will  there  be  any 
fatisfaftory  reafon  affigned  of  thefe  queries,  without  taking  in  thofe  in- 
telligible mechanical  principles  of  the  pofition  and  texture  of  the  minute 
parts  of  the  body,  with  regard  to  the  light  and  the  eye  ;  which  may 
ferve  the  turn,  in  many  cafes,  where  the  aduftion  of  fulphur  cannot  be 
pretended ;  as  in  the  apparent  blacknefs  of  an  open  window,  viewed  at  a 
!a  diflance,  &c.  in  which,  and  many  other  cafes,  formerly  alledged,  there 
appears  nothing  requifite  to  the  prod'udlion  of  blacknefs,  but  a  prevention 
of  the  incident  rays  of  light,  from  being  plentifully  enough  reflefted  ta 
the  eye  *.  In  fhcrt,  the  doftrine  I  here  oppofe,  is  pleaded  for,  as  chy- 
mifts  commonly  argue  about  qualities ;  who  content  themfclves  to  fay  in 


'  ♦  For  the  produSion  of  black.  Sir  Ifaac 
Ttnvt^n  obft'rves,  rhtc  **  the  corpuicles  of 
^  the  body  muft  be  much  Icfs  than  any 
**  of  thofe  which  exhibit  colours.  For 
*^  at  all  greater  fixes,  there  is  too  much 
**  light  reflcdcd,  to  conftitutc  blacknefs. 
^  And  from  hence,  fays  he,  may  be  uo- 
*^  derftood,  \f  hy  (ire,  and  the  mo)Pt  fuMile 
^*  difToWer,  putreiadioD,  by  dividing  the 
^*  Darticles  of  fubftances,  turn  them  to 
^*  black;  why  fmall  quantities  of  black 
**  fubftances  impart  their  colour  very  free- 
••  ly,  and  intenfely,  to  other  fubftances, 
^  to  which  they  are  applied  s  the  minutd)' 


•*  particles  of  thefe,  by  reafon  of  their 
"  very  great  number,  eafily  overfpreading 
*<  the  grofs  particles  of  others ;  why  glais, 
"  ground  very  elaborately  with  fand,  on 
'*  a  copper-plate,  till  it  be  well  polifhed, 
<*  makes  the  fand,  together  with  what  is 
"  worn  off  from  the  glafs  and  copper,  bc- 
"  tome  very  black;  whv  Wack  mbftuoces 
<<  do  fooneft,  of 'all  oAers,  become  hoc 
**  in  thb  fiin's  light,  and  bum;,  eonfider- 
**  log  the  multitude  of  refraQions  in  « 
**  little  room,  and  the  eafy  commotion 
**  of  fuch  very  fmall  corpuicleS|  Sfc,**  See 
Nti^^Of^j  pta3;« 

what 
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what  ingredient  of  a  mixed  body  a  particular  quality  re(ides>  inflead  of  Phy^i 
explaining  its  nature. 

SECT.    III. 

I  Here  propoie  to  throw  together  the  miicellaneous  experiments  I  have 
made,  with  reladon  to  cdours. 

I  know  of  no  way  more  likely  to  convince  the  generality  of  men,  how  ^'^ii^TSfa- 
great  a  (hare  the  variable  texture  of  bodies  may  have,  in  making  them  C'-i^fM^^ 
appear  of  differing  colours,  than  by  (hewing  how  the  addition  of  a  fingle  «»«'^«^*«^ 
ingredient;,  that  either  is  colourlefs,  or  at  leaft  has  not  any  of  the  colours 
to  be  produced,  is  immediately  able,  by  introducing  a  fecret  change  of 
texaire,  to  make  the  body  'tis  put  to,  appear  fometimes  fo  one  colourt 
fometimes  of  another ;  according  as  the  parts  of  the  body  wrought  upon, 
are  di^fed  to  receive  fuch  a  change,  as  modifies  the  incident  rays  of 
light,  after  the  manner  requiiite  to  make  them  exhibit  a  blue,  a  green,  a 
red,  or  fome  other  particular  colour. 

For  this  end,  I  made  choice  of  the  fpirit  of  fait,  as  that  which  is  very 
fimple ;  and  which,  if  it  be  not  too  highly  redtified,  may  be  had  clear^ 
and  colourlefs.  With  this  feirit,  I  proceeded  to  make  the  following  ex-^ 
periments,  upon  feveral  bodies,  whofe  diffi^ring  textures  feem'd  to  fi( 
them  for  my  purpofe. 

1.  Some  drops  of  well*coloured  fymp  of  violets,  being  let  &U  together 
upon  a  piece  ot  white  paper ;  if  a  third,  or  fourth  part  fo  much  fpirit 
01  fait  be  mixed  with  them,  the  fyrup  will  prefently  become  of  a  reel  co- 
lour, ufually  inclining  to  purple. 

2.  But  if  the  liquor  to  be  a£led  on,  be  otherwiie  difpofed,  'tis  poflIble» 
with  fpirit  of  fait,  to  turn  it  from  a  blue  colour,  not  to  a  red,  but  to  a 
green  ;  as  I  have  fometimes  done,  by  letting  fall  into  a  deeo  folution  c£ 
filings  of  copper,  made  with  an  urinous  fpirit,  as  that  of  fal-armooiM^ 
juft  as  many  drops  of  fpirit  of  fait,  as  were  requifite  to  produce  the 
change  intended.  A  very  fmall  error,  either  in  excefs,  or  de&£t,  may, 
leave  the  mixture  flill  blue,  or  bring  it  to  be  colourlefs. 

3.  Upon  a  few  drops  of  good  fyrup  of  violets,  let  fall  two  or  three  drops 
of  good  fpirit  of  unne,  hartVhom,  or  the- like;  and  when,  b)r  mixing 
them  well,  the  fyrup  has  acquired  a  fine  green  colour  ;  by  putting  to  it 
a  little  of  the  fpirit  of  fait,  and  ftirring  it,  you  may  turn  the  green 
lynip  into  a  red. 

4.  If  vou  put  a  quantity  of  red  rofe-leaves,  well  dried,  into  a  glafs  vial, 
almoftfiillot  fair  water;  and,  fbon  after,  put- to  them  as  much  fpirit  of 
d&lt  as  will  make  the  water  pretty  ftiarp ;  you  will  quickly  fee,  both  that 
liquor,  antl  the  contained  leaves,  brought  to  a  fine  lovely  red,  which  they 
will  long  retam.  The  like  effeft  fpirit  of  fait  will  have  on  fome  other 
vegetables  of  a  fliptic,  or  of  an  aflringent  nature. 

5.  But  if,  by  infiifing  brazil-wood  in  fair  water,  you  make  a  tiufture  of 
it,  wluch  you  may  much  deepen,by  dropping  into  it  a  little  fpirit  of  hart's- 
horn,  or  of  urine  i  and  you  then  put  to  it  a  little  fpirit  of  ialt,  it  will  pre- 

Ha  fently 
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Physics-  fently  change  from  a  deep  reddifli  colour,  to  a  colour  far  more  pale,  or 
rather  yellow  ;  fo  that  the  fame  ipirit  ad^ing  upon  two  vegetable 
tinftures,  diflferentlj^  difpofed,  draws  out,  and  heightens  rednefs  in  the 
one,  and  deftroys  it  in  the  other. 

6.  If  you  make  an  infufion  of  true  LignwH  Nephriticumy  in  fpring  water, 
it  will  appear  of  a  deep  colour,  like  that  of  an  orange,  when  you  place  the 
vial  between  the  window  and  your  eye  ;  and  of  a  fine  deep  blue,  when 
you  look  on  it  with  your  eye  placed  between  it  and  the  window :  but  if 
you  ftiake  into  thi^  liquor  a  few  drops  of  fpirit  of  fait,  the  blue  colour 
will  prefently  vanifh,  and  appear  no  more,  in  what  light  foever  you  view 
the  vial ;  tho'  the  liquor  will  ftill  retain  the  orange-colour. 

7.  Wc  took  common  writing-ink,  and  having  let  fall  feveral  drops  of  it 
upon  a  piece  of  white  paper ;  fo  that,  when  it  grew  dry  in  the  air,  fome 
parts  01  the  ink  lay  thick,  and  fome  thinner,  upon  the  paper,  whereon  it 
fpread  itfelf :  we  then  put  a  few  drops  of  ftroi^  fpirit  of  lalt,  fome  on  one 
part  of  the  blackM  paper,  and  fome  on  another ;  and  obferved,  that  in 
thofe  places,  where  the  ipirit  had  been  put,  or  to  which  it  reached,  the 
blacknefs  was  quite  deftroyed,  and  was  fucceeded  by  an  unpleaiant  kind  of 
colour,  that  feemM,  for  the  moft  part,  to  participate  of  yellow  and  blue^ 
ne  ither  of  them  good  in  kind. 

8.  If  in  ^irit  of  fait,  you  difTolve  filings  of  fteel,  and  flowly  evaporate 
the  filtred  folutioHp  it  will  (hoot  into  a  kind  of  Vitriolum  Marti Sy  which  ap- 
pears green,  as  well  as  that  which  chymifts  vulgarly  make  with  oil  of 
vitriol.  And  if  you  take  thefe  cryftals,  made  with  fpirit  of  fait,  and, 
when  they  are  dnr,  keep  thenv  in  a  crucible  i  you  will  find,  that  even  a 
moderate  fire,  it  duly  apply 'd,  will  make  them,  in  a  fliort  time,  ex- 
change their  green  colour  ror  a  red,  like  that  of  the  finer  fort  of  Crocus 
Mortis :  as,  indeed,  this  operation  makes  them  referable  to  that  fort  of 
medicine. 

p.  We  took  fome  mercury,  precipitated /«^ 7^ ;  and  tho*  crude  mercury  is 
not,  as  far  as  I  have  tried,  ioluble  in  our  Englijb  fpirit  of  fait ;  yet  this 
red  precipitate  readily  diflfolved  in  that  liquor,  without  at  all  impart- 
ing its  own  colour  to  it.  I  alfo  found,  that  red  lead,  being  boil'd  a 
while  in  good  fpirit  of  fait,  the  redne&  totally  difappear'd.  So  that  the 
fame  agent  which  produces  rednefs  in  fevend  bodies,  in  our  two  cafes 
quite  aboliihM  it.  Thus  alfo,  the  reddeft  coral  being  diflfolved  in  our 
menltruum,  the  rednefs  vaniflies,  and  the  fblution  appears  colourlefs. 

10.  Take  fmall  filings  of  copper,  and  having  poured  thereon  good  fpirit 
of  fait,  till  it  fwim,  about  two  hngers  breadth  over  them  j  keep  the  vial  in 
a  pretty  ftrong  fand-heat,  till  you  perceive  the  menftruum  has  diflfolved  a 
competent  part  of  the  metal :  then  warily  take  out  the  vial,  and  holding 
it  between  your  eye  and  the  light,  you  will  perceive  the  fblution  of  copper 
to  be  of  a  dark  and  troubkd  colour,  olten  inclining  to  a  deep,  but 
muddy  red. 

1 1  .But  if  you  pour  this  folution  into  a  wide-mouth'd  glafs,  and  let  it  ftand 
for  a  competent  time,  the  expofed  liquor  will  appear  of  a  green,  much 
£ner  than  that  of  the  cryftals  of  iron.  Take 


1 2  •  Take  the  clear  limpi^flEblMtkm  ef  Hlver,  of  dF  mercury,  made  in  Aqua  Phtsics; 
fatis,  and  drop  upon  it  fome^Murit  of  ialt ;  and  you  will  find  the  clear  "        ^ 
liquor  turned  white  as  milk^  wmch>  after  a  while^  will  let  fall  a  precipi- 
tate of  the  fame  colour. 

1 3 .  And  if^  inftead  of  a  fblution  of  fihrer>  or  quick-filver,  you  take  a  red 
folution,  ortiafture,  of  t>enjamin,  or  of  the. refinous  part  of  jalap  rootj 
you'll  alfo  have,  upon  the  affufion  of  fpirit  of  fait,  a  white  liquor,  and  a 
precipftate  of  the  lame  colour. 

j-4.  Being  defirous  to  produce  two  differing  colours  at  once,  by  the  fame 
affufion  of  fpirit  of  fait;  I  infufed  fome  dry'd  red  rofe-leaves  in  fair 
water^  till  it  had  acquired  a  deep  colour  from  them :  to  tlus  infufion^ 
poured  o£f  warily,  that  it  miglit  be  clear,  I  added  a  ccmfiderable  propor- 
tion 

lead      _ 

almofl  opake  liquor,  I  pour'd  fpirit  of  fait,  which  precipitated 
that  had  been  diffolved  in  the  fweet  liquor,  into  a  verv  white  j)Owder. 
and  gave  the  remaining  liquor,  weU  impregnated  witn  particles  of  the' 
rofe-leaves,  a  very  fine  and  durable  fcarlet  colour.  And  if  the  experi- 
ment be  well  made,  you  may  barely,  by  fliaking  together,  and  confound- 
ing the  white  powaer  with  the  red  liquor,  make  a  carnation-colour, 
which  will  appear  very  fine  and  lovely,  whilft  it  lafts ;  but,  in  no  long 
time,  the  two  fiibftances  that  compofe  it,  feparate>  by  degrees,  and  ap- 
pear each  in  its  former  place  and  colour. 

15.  We  took  fome  fpirit  of  fait,  that,  having  hid  long  upon  filings  of 
copper,  had  lofl  the  muddy  tin£hire  it  iirft  acquired,  oy  being  almoft 
boil  d  upon  them.  This  liquor,  that  lookM  like  common  water,  we 
pourM  into  a  fmall  wide-mouth'd  cryflal  glafs,  and  leaving  it  in  a  win- 
dow, it  appeared,  in  for^  minutes,  to  have  acquired  a  colour,  much  like 
that  of  a  German  amethyu ;  and  feem'd  to  have  no  tendency  to  greennefs. 
But  in  about  three  hours  time,  it  appearM  of  a  lovely  green. 

1 5.  Precipitate  a  ffarong  fi)lution  ot  fublimate  made  in  fair  water,  with  a 
fufficient  quantity  of  oil  of  tartar, /^r  deliquium  j  put  the  liquor  and  powder 
into  a  filtre  of  cap-paper,  and  when  the  water  is  run  thorough,  the  pre- 
cipitate will  remam  m  the  fUtre  ,•  which  is  to.be  flowly  dry'd.  Then  take 
it  out  of  the  filtre,  in  the  form  of  a  erofs  powder,  and  having  put  it  into 
a  clear  glafs,  let  fall  on  it,  warily,  fome  arops  of  flrong  fpirit  of  fait  ; 
and,  during  the  conflift  that  will  be  made,  the  little  lumps  of  the  pre- 
cipitate will  lofe  all  their  former  brick-duft  colour,  and  turn  white ;  tho* 
afterwards  they  will  appear  diifolved  into  a  transparent  liquor,  wherein 
the  orange-colour  is  quite  aboliihed. 

17.  Having  calcined  copper,  without  any  addition,  but  of  fire  and  water  ,- 
we  took  a  quantity  of  it,  and  having  poured  thereon  about  three  or  four 
times  its  Quantity  of  good  fpirit  of  fait,  we  obtained  a  muddy  reddifli 
liquor,  and  a  white  powder,  whofe  quantity  bore  a  confiderable  pro- 
portion to  the  part  that  was  diffolved;  in  which  part  itfelf,  by  the  affu- 
fion of  common  water,  and  the  aftion  of  the  air,  we  afterwards  pro- 
duced more  than  one  change  of  colour.  We 


or 
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Fhtsics.  1 8.  We  fometimes  to(^  a  fpoonful  of  cb^^  dark  bsown,  or  fomevrhat 
"  reddifli  Iblurion  of  copper ;  and  having  put  it  into  a  cylhiclrical  vial,  that 
the  change  of  colour  might  aopear  tte  better,  wc  poured  on  it  two. or 
three  fpoons-ful  of  highly  re«i^*d  vinous  fpirit ;  and  giving  the  glafs  a 
ihake,  to  mingle  them,  We  prelently  had  a  lovely  ^reeti  liquor ;  which, 
when  well  fettled,  was  ve:^  fair,  and  lookM  as  if  it  were  a  liquid 
emerald. 

19.  Having  moiften'd  a  fmall  part  of  fome  green  taflfaty-ribband,  twice 
IT  thrice,  with  good  fpirit  of  fait,  we  fuffer'd  it  to  dry  of  itfelf,  which  it 

did  in  a  fliort  time  ;  and  then  found,  that  the  part  wetted  was  no  longer 
of  a  green,  but  a  blue  colour.  The  £Hme  Ipirit  prefently  tum'd  that  part 
of  a  piece  of  black  ribband,  upon  which  we  put  two  or  three  drops  of 
it,  to  a  cdfour  not  unlike  wluit  is  call'd  Fueitte  tnorte. 

20.  'Tis  ufual  to  ftf^  books  covered  with  paper,  that  looks  fometimes  of 
a  greenifti  blue  colour,  bordering  upon  purple ;  and  fometimes  upon  that 
of  violets.  The  deeper  coloured  paper  of  this  fort,  I  have  feveral  times 
held  in  one  hand,  and  with  the  other  li  -htly  touched  it  here  and  there 
with  the  end  of  a  feather,  dipped  in  fpirit  of  fait;  which  almoft  in  the 
twinkling  of  an  eye,  dyM  the  touched  parts  of  the  paper  of  a  lovely  red, 
that  would  fometimes  long  continue  very  vivid.  And  if,  inftead  of  a 
feather,  I  ufed  a  brufb,  dipt  in  the  fkline  fpirit,  and  made  many 
drops  at  once  fall  upon  the  paper ;  ^twas  pleafant  to  foe  how  fuddenly 
it  would  be  fpeckled. 

2 1 .  Upon  well-powdered  antimony,  we  pour'd  three  or  four  times  its 
weight  01  good  fpirit  of  lalt ;  and  caufed  it  to  be  boiled  in  this  liquor, 
in  a  glafs  veffel,  wherein  a  part  of  it  was  di(folved,  and  taken  up  into 
the  menftruum ;  when  the  antimony  quite  loft  its  blackneis.  And  this  fpi- 
rit of  fait,  thus  impregnated,  being  dropped  into  fair  water,  the  black 
mineral  immediately  fubfided,  in  the  form  of  a  very  white  powder  or  pre- 
cipitate. 

Hence,  by  the  way,  it  were  not  amifs,  if  phyficians,  chymlfts,  &c. 
who  compound  drugs,  or  other  ingredients,  would  be  lels  forward 
than  they  ufually  are,  to  jumble  feveral  of  them  together  either  unne- 
ce&rily,  or  without  a  due  regard  to  their  qualities,  in  refpedb  of  one 
another.  For  moft  of  us  are  but  too  liable  to  be  miftaken,  when  we 
prefume  before-hand  to  fay  what  changes  the  coalition,  or  other  affocia- 
tions  of  diflfering  bodies  fliall  produce ;  efpecially  if  they  be  either  faline, 
or  plentifully  partake  of  a  ialine  nature :  fince  experience  frequently 
fhews,  that  by  the  aftion  and  re-aftion  confequent  upon  untry'd  ways  of 
compofition,  there  arife  in  the  mixture  new  and  unlook'd-for  confiftences 
and  other  qualities  or  accidents.  And  tho'  it  may  fometimes  happen, 
that  thcfe  new  qualities  (hall  prove  advantageous,  yet  this  may  well  be 
look'd  upon  but  as  a  lucky  chance ;  and  it  may  ftill  be  juftly  fear'd, 
that,  ordinarilv,  fuch  accidental  qualities  of  a  medicine  will  prove  to  be 
either  worfe  than  were  expefted^  or  at  leaft  diflferent  from  what  was  de- 
fign'dj  and  confequently  lei^  fit  for  the  pbyficians  or  the  artifts  purpofe. 

1.  OSioi. 
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1.  0£hi.i  I.  Abrat  tea  in  the  morning,  the  weather  beii^  fun-ihiny,  we   pHTsict. 
took  feveral  forts  ci  ftain'd  pa^r»  fomc  of  one  colour,  and  fome  of  another^  V^^VNiii 
and  in  a  darkned  room,  whole  window  lookM  fouthward,  we  with  them  f^TJII^i* 
<^  the  beams  that  entered  at  a  hole  about  three  inches  and  a  half  in  diame-  ksw'dmm. 
ter,  upon  a  white  wall  that  fiood  on  one  fide,  about  five  foot  diftance  from 

them.  The  white  gave  much  the  brighteftrefledkion.  The  green,  red, 
and  blue  being  compared  tc^ether,  the  red  gave  much  the  ftrongeft  re- 
flexion, and  manileftly  threw  its  colour  upon  the  wall,-  the  green  and 
blue  were  fcarce  difcernible  by  their  colours,  and  feem'd  to  refleft  an  al- 
moft  equal  light.  The  yellow,  compared  with  the  two  laft,  reflefted  fome- 
what  more  lieht.  The  red  and  purple  being  compared  together,  the  former 
manifeftly  reflected  much  more  light  than  the  latter.  The  blue  and  purple 
compared  together,  the  former  feem'd  to  refleft  fomewhat  the  more 
light,  tho*  the  purple  colour  was  moft  vifible.  A  flieec  of  very  well  fleek'd 
marbled  paper  beine  apply 'd  as  the  others,  did  not  cafl  any  of  its  diftinA 
colours  upon  the  waB,  nor  throw  its  light  with  an  equal  diftufion  thereon ; 
but  fent  the  beams  unftain'd  and  bright  to  particular  parts  thereof,  as  if 
its  polilh  had  given  it  the  nature  of  a  Ipeculum.  But  comparing  it  with  a 
flieet  of  white  paper,  we  found  the  refledtion  of  the  latter  to  l^  much  the 
ftronger ;  this  diffuflng  almofl:  as  much  light  to  a  confiderable  extent,  a$ 
the  marble  paper  did  to  one  part  of  the  wall.  The  green  and  purple  left 
us  fomewhat  in  fufpence  which  reflefted  the  moft  light ;  only  the  purple 
feem'd  to  have  fome  little  advantage  over  the  green^  which  was  oark  ia 
its  kind. 

2.  Though  a  darkened  room  be  generally  thought  requifite  to  make  the 
colour  of  one  body  appear  by  reflexion  from  another  that  is  not  fuppofed 
to  aft  as  a  fpeculum ;  yet  I  have  often  obferv'd,  that  when  I  wore  waft- 
coats  lined  with  filk  that  was  very  gloflfy  and  vividly  colour'd^  but 
efpecially  if  red,  I  could  in  an  enlightened  room  plainly  difoern  the  cofeur 
upon  the.  pure  linen  that  came  out  at  my  fleeve ;  as  if  that  fine  white  body 
were  more  of  a  mirror  than  coloured  and  unpoliih'd  bodies  are  ufually 
fuppofed. 

3.  Holding  ftainM  fheets  of  paper,  fometimes  one,  and  fometimes  ano- 
ther, before  the  hole  of  the  wiijdow  in.  the  darkened  room,  betwixt  the 
ftm  and  the  eye,  with  the  coloured  fides  obverted  to  the  fun,  we  found 
tbem  fingly  to  be  fomewhat  trajifparehty  and  to  appear  of  the  &me  colour 
as  before,  only  a  h'ttle  alterM  by  the  great  light  they  were  placed  in :  but 
"applying  two  of  them  one  over  another  to  the  hole,  the  colours  were  com-  . 
pounded  as  follows. .  Tbei>l\ic  md  yellow  fcarce  exhibited  any  thing  but 
4i  darker  yellow,  which  we  afonbed  to  the  coarieneis  of  the  blue^aper9 
and  its  dsurknefs  in  iti  kind.    For  applying;  the  blue  parts  of  the  marbled 
paper  with  the  yellow  paper  after  the  ume  manner,  they  exhibited  a 
good  green.    The  yellow  and  red  look'd  upon  together,  gave  us  but  a 
.dark  red,  a  little  inclining  to  an  orange-cotour.    The  purple  and  red 
viewed  togethet'ji  appeared  more  deeply  fcarlet.    The  purple  and  yeltow 

made  an  ojraftge.    xhe  gttelr  and  red  made  a  daxk«raage«-uwny.    The 

green 
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Physics,  grceti  and  nurpie  made  the  purple  appear  more  dirty.    The  blue  and 

Kiy^rsj  purple  made  the  purple  more  delighthil,  and  £ar  more  deep.    The  red 

parts  of  the  marbled  paper  view*d  with  the  yellow,  appeared  bf  a  red,  far 

more  like  fcarlct,  than  without  it.    But  the  fineneis  or  coarfenefs  of  the 

Saper,  its  being  carefully  or  lligbtly  coloured,  with  many  other  circum- 
ances,  may  fo  vary  the  events  of  fuch  experiments,  that  they  ought  to  be 
carefiilly  repeated,  before  any  conclufion  is  drawn  from  them. 

4.  The  triangular  prifmatic  glafs  being  a  very  commodious  inftrument 

to  fhew  the  nature  of  colours,  we  thought  proper  to  obferve  the  feveral 

refteftions  and  refraftions  which  the  rays  m  light  undergo  in  falling  upon 

or  pafling  through  it.     And  this  we  imagined  might  be  oeft  done,  not  in 

an  ordinary  enlightened  room,  where  even  the  curious  have  left  particulars 

unr^arded  5  but  in  a  darkened  one,  where,  by  placing  the  glafs  in  a 

convenient  pofture,  the  various  reflexions  and  refraClions  may  be  diitinift- 

!y  obferv'd  ;  and  where  it  may  appear  what  rays  are  untinged,  and  which 

tney  are  that  paint  upon  the  bodies  whereby  they  are  ftopt,  either  the 

primary  or  fecondary  iris.    In  purfuance  hereof,  we  obferv'd  in  a  dar- 

Ken'd  room  four  refleftions  and  three  refraftions,  that  were  afforded  us 

by  the  fame  prifm.    And  notwithflanding  the  rules  of  catoptrics  and  diop* 

tries,  we  thought  it  would  not  be  amifs  to  find,  by  covering  fbmetimes  one 

'  part  of  the  prifm,  and  fometimes  another,  and  obierving  where  the  light 

or  colour  vanifhed  di^reon,  by  which  refldSkion  and  by  which  refraftion 

«tdi  of  the  feveral  places  where  the  light  ftdling,  or  paiOng  through  the 

prifm,  and  appearing  either  pure  or  tingM,  gave  the  phenomena.    But  be- 

caufe  theie  and  other  particulars  wWch  we  obferv  d,  would  be  tedious, 

and  not  fo  intelligible  to  deliver  in  words,  I  refer  to  the  Icheme,  where 

an  of  them  may  he  taken  in  at  one  view. 

'■%•  *  P  P  P  an  equilatero-triangular  cryflalline  prifm,  one  of  whofe  edges  P 

is  placed  next  the  fun. 

A  B  and  « j3,  two  rays  from  the  fun  falling  on  the  prifm,  at  B  3 ; 
and  thence  partly  reflefted  towards  C  and  y^  and  partly  refrafted 
towards  D  and  /• 

£  C  and  ^  >,  thofe  reflefted  rays. 

B^and/iA  thofe  refrafted  rays,  which  are  again  partly  refrafted 
towaisds  E  and  §,  and  there  reprefent  an  iris  12345,  denoting  the  five 
fucceeding  colours,  red,  yellow,  green,  blue,  and  purple,  and  part- 
ly reflefted  towards  F  and  C. 

D  and  F,  and  /  ^,  tliofe  rcflefted  rays,  which  are  partly  refradkcd  to- 
wards G  and  »  cdourieis,  and  partly  reflefted  towards  H  and  fl. 

FH  and  f  j,  thofe  rcflcfted  rays,  which  arc  refrafted  towards  I  and  /, 
and  there  reprefent  another  fiuntcr  iris ;  the  coburs  of  which  are  con- 
trary to  the  former  J4321,  (ignifying  purple,  blue,  green,  yellow, 
red ;  fo  that  the  prifm  in  this  pofhirc  reprefents  four  rain-bows. 

5.  We  obfcrv'd  in  a  room  noc  darien'd,  that  the^mfinatic  iris  might  be 

refle£led,  without.lofing  any  dF  its  feveral  cokmrSy  noc^nly  from  a  plain 

•     looking- 
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loolung-glafs,  and  from  the  fmooth  furface  of  fair  water,  but  alfo  £rom  t 
concave  lookine-^lafs  ;  and  that  refra£^ion  did  as  little  deftroy  thofe  co- 
lourss  as  refleftion.  For  by  the  help  of  a  large  double-convex  glais,  thro' 
which  we  refra£led  the  fun  s  rays,  we  found  that  tho'  one  part  of  the  iris 
inight  be  made  to  appear  either  beyond  or  on  this  fide  of  the  other  parts 
diereof ;  yet  the  fame  vivid  colours  would  appear  in  the  diforder'd  part 
as  in  the  other.  And  by  covering  that  fide  of  the  prifm  obverted  to  the 
fim,  with  an  opake  body,  wherein  only  one  fmall  hole  was  left  for  the 
light  to  pafs  thro',  having  reduced  the  prifmatic  iris,  caft  upon  white  pa- 
per, into  a  very  narrow  compafs,  and  view'd  it  thro'  a  microicope,  the 
colours  appear'd  the  fame,  as  to  Idnd,  they  did  to  the  naked  eye  *. 

6.  It  may  afford  matter  of  fpeculation,  that  as  the  colours  of  out- 
ward objedts  brought  into  a  darken'd  room,  fo  greatly  depend,  in  their 
vifibility,  upon  the  dimnefs  of  the  light  they  are  there  behela  by,  that  the 
ordinary  light  of  the  day  being  freely  let  in  upon  them,  they  immediately 
difappear ;  fo  our  experiments  have  fliewn,  that  as  to  the'  prifmatic  iris, 
painted  on  the  floor  by  the  beams  of  the  fun  paffing  thro'  a  triangular 
glafs,  tho'  the  colours  of  it  appear  very  vivid,  even  at  noon-day  and  in 
fun-fliiny  weather,  yet  by  a  more  powerful  light  they  may  be  made  to  dif- 
appear. For  having  £)metimes  taken  a  large  metalline  concave  fpeculum^ 
and  therewith  caft  the  conveijging  beams  of^the  fun  upon  a  prifmatic  iris^ 
which  I  had  caufed  to  be  projedled  upon  the  floor ;  I  ibund  that  the  over- 
powerfiU  light  made  the  colours  of  the  iris  vanifh  :  and  if  the  light  were 
to  refle&ed  as  to  crofs  but  the  middle  of  the  iris,  the  colours  in  that  part 

only 

*  The  more  general  phenomena  of  the 
prifm,  as  obfervd  by  the  illu&rious  Sir^ 
Netvtw^  are,  in  Ihorr,  as  follow* 

1.  The  rays  of  light  jpaffing  thro*  the 
prifin,  paint  an  image  ot  various  colours 
on  theoppofite  wall ;  the  principal  where- 
of are  red,  yellow, ^reen,  blue,  and  violet. 

!•  This  imagje  is  not  round,  but  the 
ftnglet>f  the  prifm  being  of  60  or  tf  5  de- 
crees, about  five  times  longer  than  'tis 
broad ;  the  reafon  whereof  was  unknown, 
tUl  Sir  If*N§moii  found  it  owing  to  the 
difierent  refrangibility  of  the  rays.  5ee 
Tbilcf.  TVanfaa.  N^  8o. 

2.  The  rays  which  exhibit  the  yellow 
cokxur,  are  tum*d  more  out  of  their  flrait 
courier  than  thofe  which  make  the  red ; 
f  hole  which  make  the  green,  more  than 
thofe  which  make  the  yellow,  Sfe.  and 
thoie  which  make  the  violet,  moft  of  all. 

4*  If  the  prifm  thro*  which  the  rays  arc 
tnmfmitted,  be  tuTn*d  about  ks  az]s,  fo 
that  the  red  rays,  the  yellow,  the  green, 
Qp^.  may  fidl  tbro*  a  linall  hole,  in  order,  I 
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upon  another  prifm,  placed  about  twelve 
feet  from  the  former,  and  be  thrown  to 
another  pare  of  the  room,  the  yellow 
rays,  for  inftance,  tho*  they  fall  in  the 
lame  nuumerupon  the  fecond  prifin  with 
the  red,  yet  will  not  be  thrown  to  the 
fame  place,  but  beyond  them.  And  if  at 
the  place  of  the  iecond  prifm,  they  be 
colle£bed  by  a  lens,  the  yellow  rays,  the 
men,  Gf«i  will  each  in  their  order,  bo 
thrown  to  a  focus  at  a  (honer  diftmcc 
than  the  red. 

5*  The  colours  of  the  coloured  rays» 
when  well  leparated,  can  neither  be  de- 
ftroy'd,  nor  in  any  manner  changed  by 
new  refrafiions. 

6,  Tht  colours  of  the  coloured  rays  re« 
main  ^unchanged  in  paffing  thro'  an  en- 
lighten'd  ^ce,  in  mutually  eroding  each 
other,  in  the  confine  of  fhadow,  and  in 
being  reflefied  from  any  natural  bodies  ia 
a  pliu:e  otherwife  dark. 

7.  All  the  coloured  rays  coUe&ed  to- 
gether by  feveral  prifinSi  by  a  glais  lens» 

I  or 
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Physics,  onlv  became  invifible ;  thofe  parts  of  the  iris  that  were  on  the  right  hand 
AjOr\-/  and  on  the  left  of  the  refledled  light,  continuing  to  exhibit  the  fame  co- 
lours as  before, 
^^^rttrt*'^  7-  I  have  fometimes  thought  it  worth  while  to  take  notice,  whether  the 
Swj  •/  Uiht.  colours  of  opake  bodies  might  not  appear  to  the  eye  fomewhat  diverfifyM; 
as  well  by  the  nature  of  the  lucid  body  that  fhines  upon  them,  as  by  the 
difpofition  of  the  fuperficial  parts  of  the  bodies  themlelves,  and  the  pofi- 
tion  of  the  eye  with  regard  to  the  objeft  and  the  light :  I  have  obferv'd  a 
manifeft  diflference  in  fomc  kinds  of  coloured  bodies  viewed  by  day-^light, 
and  afterwards  by  the  light  of  the  moon.  Several  (heets  of  the  colour^ 
paper  that  had  been  view'd  in  the  fun-fliine,  being  looked  upon  at  night 
by  the  light  of  a  pretty  large  candle,  the  changes  obferv'd  therein  were 
thefe.  The  yellow  feem'd  much  fainter  than  in  the  day,  and  inclinable  to 
a  pale  ftraw-colour.  The  red  feem'd  little  changed,  but  reflefted  light 
more  ftrongly  than  the  other  colours.  A  fair  deep  green  looked  upon  by 
itfelf,  feemM  to  be  a  dark  blue ;  but  viewed  together  with  a  dark  blue, 
appeared  greenifli ;  and  compared  with  a  yellow,  appeared  more  blue  than 
at  firft.  The  blue  look'd  more  like  a  deep  purple  or  murrey,  than  it  had 
done  in  the  day-light.  The  purple  feem  d  very  little  alter'd.  The  red 
compared  with  the  yellow,  made  the  latter  look  almoft  like  brown  cap- 
paper. 

8.  But  to  fatisfv  ourfelves  whether  the  lighti  of  the  candle  were  not 
unfincere,  or  tine  d  with  a  yellow  colour  by  its  fuel ;  we  took  a  pretty 
thick  cylinder  of  deep  blue  glafs,  and  viewing  the  flame  of  the  can- 
dle at  a  convenient  diftance  thro*  it,  we  perceived  it  to  look  green, 
which  is  the  colour  that  emerges  from  the  compofition  of  opake  bodies, 
one  of  them  feparately  blue,  and  the  other  yellow.    And  this  perhaps  may 


•r  a  concave  fpeculum,  or  by  any  otlier  | 
way  whatever,  make  white  :  and  being 
again  feparated  after  this  union,  every 
one  exhibits  its  own  colour. 

8.  If  the  fun's  rays  fall  upon  the  inter- 
nal furface  of  the  prifm  in  the  inoft  ob- 
lique manner  that  asv  rays  can  poffibly  be 
franfmittedf  thofe  reileQed  will  be  violet, 
and  thofe  tranfmitted,  red. 

9*  All  natural  bodies,  efpecially  jvhite 
ones,  view'd  thro*  a  prifai,  appear  on  the 
one  hand  fringed  with  red  and  yellow  ; 
but  with  violet  and  blue  on  the  other. 

10.  Two  prifms  being  placed  together, 
fo  that  the  red  of  the  one  and  purple  of 
the  other  mav  unite  upon  a  convenient 
paper  in  the  dark,  the  image  will  appear 
pale ;  and  being  vicw*d  thro  a  third  prifm, 
applied  at  a  due  diflance  fr&m  the  eye,  it 
will  appear  as  two  obje&s,  red  and  purple. 

11.  In  like  manner,  if  two  powders,  a 
perfeQ  red  and  a  perfeft  Uue,  be  miz'd 


tc^ether,  and  laid  thick  upon  (bme  minute 
bodv,  this  body  will  appear  double  thro'  a 
priun,  and  of  two  colours,  red  and  blue* 
See  Ch^*  Amot.  in  "RsihauH.  Ed.  ;•  p.  195^ 
We  are  ftrther  to  confider,  that  by  o- 
ther  means,  light  is  found  to  be  a  body 
propagated  in  right  lines  ;  and  that  it 
ipends  about  feven  or  eight  minutes  in 
paffiog  from  the  fun  to  the  earth.  "  This 
**  was  firft  obierved  by  Mr.  Roemer^  by 
"  means  of  the  eclipfes  of  the  fatcllitcs 
**  of  fitpiUf.  For  thefe  eclipfes,  when 
"  the  earth  is  between  the  fan  and  Jupi'- 
'*  iet^  happen  about  feven  or  eight  mi* 
<<  Butes  iooner  than  they  ought  to  do  by 
"  the  tables ;  and  when  the  earth  is  be- 
^'  yond  thefan,  thev  happen  about  feve& 
^^  or  eight  minutes  later  tnan  they  ou^ht 
<<  todo:  thelij^t  of  the  fatellites  having 
«*  farther  to  go  in  the  latter  cafe  than  in 
*•  tlie  former,  by  the  diameter  of  the 
<«  tank's  orbit.**   tbwM.  Optic,  p.  252- 

be 
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be  the  chief  reafon  why  a  Ihect  of  very  white  paper,  view'd  by  candlc-Ught,  Physics. 
is  not  eafily^  at  firft,  diftinguiihed  from  a  light  yellow,  or  lemmon-colour ; '  ^••--^  ' 
white  bodies,  as  we  formerly  obferved,  being  more  of  a  ipecular  nature, 
becaufe  tho*,  when  unpolifhed,  they  exhibit  not  the  fliape  of  the  luminary 
that  Ihines  on  them ;  vet  they  refleA  its  light  more  fincere  and  undifturbea^ 
by  either  fliades  orrefraftions,  than  bodies  of  other  colours  do. 

9.  We  took  a  piece  of  leaf-^old,  and  with  the  edge  of  a  knife, 
lightly  moiftenM,  laid  upon  the  edge  of  the  gold,  we  fo  faften'd  it  there- 
to, that  it  continued  extended,  like  a  litde  flag;  which,  being  held 
very  near  the  eye,  and  obvcrted  to  the  light,  appeared  fo  full  ef  |>ores, 
thBt  it  feem'd  to  have  fuch  a  kind  of  tranfparency,  as  that  of  a  lieve ; 
but  the  light  which  paffed  thro'  thefe  pores  was  in  its  paflage  fo  tern* 
perM  wim  ihade,  and  modify 'd,  that  the  eye  difcerned  no  more  a 
golden  colour,  but  a  greeniih  blue.  And,  for  further  fatis£a£kion,  we, 
in  the  night,  look'd  upon  a  candle,  thro'  fuch  a  leaf  of  gold ;  and,  by 
tryii^  the  efieft  of  feveral  proportions  of  diftance  betwixt  the  leaf,  the 
eye,  and  the  light,  we  quickly  hit  upon  fuch  a  podtion  for  the  gold, 
wherein  the  flame,  view'd  thro'  the  leaf,  appeared  of  a  greenifli  blue,  as 
in  the  day-time.  But  the  like  experiment,  tryM  with  a  leaf  of  filver,  did 
not  fucceed. 

I  Of  Druggifts  have  a  wood  they  call  Lignum  Nefbriticum  ;   becaufe  |^^»J^^^ 
the  inhabitants  of  the  country  where  it  grows,  ufe  the  infufion  of  it,  ^  u^um  kc- 
made  in  fair  water,  againft  the  ftone  in  the  kidneys :  and,  indeed,  an  *^w««^ 
eminent  phyiician  of  my  acquaintance,  who  has  very  particularly  en- 
quired into  that  difeafe,  aflfures  me,  he  found  fuch  an  infufion  one  of 
the  mofl:  effedhial  remedies  he  ever  tryM,  againfl:  that  formidable  difeafe. 
The  moft  ancient  account  I  have  met  with  of  this  fimple,  is  given  us 
by  MonardeSy   who   fays,   *'  We  have  a  thick,  fmooth  kind  of  wood, 
**  brought  us  from  I\€w  Spain,  which  has  long  been  ufed  in  the  dif- 
^*  eafes  of  the  kidneys  and  urinary  paflages.     To  prepare  a  medicine 

from  it,  we  fleep  its  (havings  in  dear  water,  and  there  fufter  them 

to  remain,  till  the  whole  liquor  is  drank  up ;  but  when  it  has  thus 
**  ftecd  for  half  an  hour,  the  water  appears  of  a  blue  colour,  which 
•*  gradually  increafes,  the  longer  the  infiaiion  is  continued ;  tho'  the  wood 
*^  itfelf  be  white.'^  This  wood  will  afford  us  an  experiment,  which,  be- 
fides  the  fingularity  of  it,  may  greatly  aflifl  to  difcover  the  nature  of  co- 
lours. The  experiment,  as  we  made  it,  is  this.  Take  a  handful  of  the 
thin  flices  of  Lignum  Nephfriticum^  and  put  them  into  two,  three,  or  four 
pound  of  the  pureft  fpring-water ;  let  them  inf ufe  there  for  a  night,  thd* 
a  much  fliorter  time  may  fuffice ;  decant  the  impregnated  water  into  a 
clear  glafs  vial  i  and  if  you  then  hold  it  direftly  between  the  light,  and 
your  eye,  you  will  fee  it  tinged,  (excepting  the  very  top  of  the  liquor, 
where  a  sky-coloured  circle  fbmetimes  appears)  of  an  almofl  golden  colour, 
if  the  infufion  be  not  made  too  flrong  ot  the  wood  j  for,  in  that  cafe,  it 
will)  againfl  the  light,  appear  fomewhat  dark  and  reddifli,  and  requires 
to  be  ouuted  by  the  addition  of  ^ir  water.    But  if  yQu  hol^  it  from  the 
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Physics,  light,  fo  that  your  eye  be  placed  betwixt  that  and  the  vial,  the  liquor 
"^"^    '  will  appear  of  a  deep  lovely  blue  colour ;  as  will  alfo  the  drops,  if  any 
lie  on  the  outfide  of  the  glafs. 

And  thus  far  we  have  try 'd  the  experiment,  and  found  it,  to  fucceed, 
even  by  candle-light.  But  if  you  hold  the  vial  over-againft  your  eye,  fo 
that  it  may  have  a  window  on  one  fide,  and  a  dark  part  of  the  room 
before  it,  and  on  the  other  fide ;  you  will  find  the  liquor,  partly  of  a 
bluifh,  and  partly  of  a  golden  colour.  And  if,  turning  your  back  towards 
the  window,  you  pour  out  fome  of  the  liquor  towards  the  light,  and  to- 
wards your  eye;  it  will  feem,  upon  coming  out  of  the  glafs,  to  be 
perfe£^ly  blue ;  but  when  it  is  fallen  down  a  little  vtray,  the  drops  may 
appear  party-colour'd,  according  as  the  rays  of  light  more  or  lefs  fully 
penetrate,  and  illumine  them.  If  you  take  a  bafon,  about  half  full  of 
water,  and  having  placed  it  fo  in  the  fun-beams,  that  one  part  of  the 
water  may  be  illununed  thereby,  and  the  other  part  of  it  darkened  by 
the  (hadow  of  the  brims  of  the  bafbn  i  and  then  drop  of  our  tindlure^ 
made  fomewhat  ftrong,  both  into  the  (haded  and  illuminated  parts  of  the 
water,  you  may,  by  viewing  it  from  feveral  places,  and  by  a  little  agi- 
tation c^  the  water,  obferve  many  pleafing  phenomena.  If  a  little  of 
this  tindlure  be  poured  upon  a  flieet  of  white  paper,  fo  that  the  liquor 
may  remain  of  fome  deptti  upon  it,  you  will  perceive  the  adjacent  drops 
to  be  partly  of  one  colour,  and  partly  of  another,  according  to  the  pou- 
tion  of  your  eye,  with  regard  to  the  light  :  but  if  you  pour  off  all  the 
liquor,  the  paper  will  feem  dyM  almoft  of  a  yellow  colour.  And  if  \  flieet 
of  paper,  with  fome  of  this  liquor  on  it,  be  placed  in  a  window,  where 
the  fun-beams  may  come  freely  to  it ;  then,  if  you  turn  your  back  to  the 
fun,  and  take  a  pen,  or  fome  fuch  flender  body,  and  hold  it  a-thwart» 
betwixt  the  fun  and  the  liquor,  you  may  perceive,  that  the  ihadow  pro- 
jected by  the  pen,  upon  the  liquor,  will  not,  all  of  it,  be  a  common  dark 
ihadow,  but,  in  part,  curioufly  coloured ;  that  edge  of  it  next  the  body, 
which  makes  it,  being  almoft  of  a  lively  golden  colour  ;  and  the  remoter 
verge  of  a  blue  one.  Thefe,  and  other  phenomena,  which  I  have  ob- 
ferved  in  this  delightful  experiment,  many  of  mv  friends  have  beheld  with 
wonder.  And  I  remember  an  excellent  oculift,  fiiuling,.  by  accident,  a 
vial  frill  of  this  liquor,  and  having  never  heard  of  the  experiment,  con* 
tinued  apprdienfive,  upon  viewing  it  for  a  long  time,  that  fome  ftrange 
new  diftemper  had  invaded  his  eyes.  And,  I  confe&,  the  oddnefs  of  the  phe- 
nomena made  me  very  follicitous  to  find  out  the  caufe  thereof.  But  tho** 
I  am  far  from  pretending  to  have  difcovered  it ;  yet  my  inquiries  have 
enabled  me  to  give  fome  confiderabk  hints  about  it.  In  the  firft  place, 
then,  obferving  that  thisttn&ure,  if  it  were  too  deep,,  kept  the  colours 
from  bdi^  fo  lively,  and  their  diange  from  being  lb  diicernible ;  and 
finding  alfo,  that  the  impregnating  virtue  of  this  wood  did,  by  beit^  fre- 
quently infofed  in  frefli  water,  giiadually  decay,  I  conjedhired,  that  the 
tindture  afforded  by  the  wood,  mufk  proceed  from  fome  fubtile  parts» 
drawn  out  by  the  watery  whifib^  fwimming  about  therein^  fo  mooify^d 
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the  light,  &s  to  eiihibit  particular  colours.    And  becaufe  thefe  fubtile  Physics* 
parts  were  To  eafily  foluble^  even  in  cold  water,  I  concluded,  that  they 
muft  abound  withfalts,  and  perhaps  contain  much  of  the  eifenmal  fakdf 
the  wood.    And,  to  try  whether  thefe  fubtile  parts  were  volatile  enough 
to  be  diftilled,  without  dilTolving  their  texture,  1  carefully  fubmitted  Ibme 
of  the  tinged  liquor,  in  very  low  veflels,  to  the  gentle  heat  of  a  lamp* 
furnace ;  but  found  all  that  came  over,  to  be  as  limpid  and  coloiu*lefs  a» 
rock-water  :    whilft  the  liquor  remaining  behind,  was  of  fuch  a  deep 
blue,  that  it  muft  be  oppoled  to  a  veiy  ftronp;  light,  to  appear  of  any 
other  colour.    I  took,  likewife,  a  vial,  nll*d  with  ^irit  of  wine,  and  a 
little  fait  of  hart*s-horn,  and  found,  that  there  was  a  certain  piroportion 
to  be  met  with,  betwixt  that  liquor,  and  the  fait,  which  rendered  the 
mixture  fit  to  exhibit  fome  little  variety  of  colours,  not  obfervable  in  or- 
dinary liquors,  as  it  was  varioufly  fituated,  with  regard  .to  the  light  and 
the  eye :  but  this  change  of  colour  came  very  far  fhort  of  that  we  had 
admired  in  our  tin£^ure.    However,  I  fufpe£ied  that  the  tinging  particles 
abounded  with  falts,  whofe    texture,   and  the  colour  thence    arifing, 
would  probably  be  altered  by  piercing  acids ;  and  pouring  into  a  Imau 
vial  of  the  impregnated  water  a  very  little  fpirit  of  vin^r,  I  found,  that 
the  blue  colour  immediately  vanimed,  while  the  golaen  one  remained ; 
and  which  way  foever  I  tum'd  the  vial,  either  to,  or  from  the  light,  I 
found  the  licmor  conftantly  appeared  of  a  yellowifh  colour,  and  no  other. 
Upon  this,  I  imagined,  that  the  acid  ialts  of  the  vin^ar,  having  been 
able  to  deprive  the  liquor  of  its  blue  colour,  a  fulphureous  ialt,  which  is 
of  a^ontrary  nature,  would  mortify  the  faline  parts  of  the  vinegar,  and 
defhroy  their  eflfeiSls.    And,  accordingly,  having  placed  myfelf  betwixt  the 
window  and  the  vial,  and  let  £dl  into  the  fame  liquor  a  few  drops  of  oil 
of  tartar,  fer  deliquium;  I  found,  that  immediately  upon  the  diftufion  of 
this  liquor,  the  impregnated  water  was  reftored  to  its  former  blue  colour. 
And  this  oil  of  tartar,  being  very  ponderous,  and  falling  dire£kly  to  the 
bottom  of  the  vial;  it  was  eafy  to  obferve,  that  for  a  little  while  the  lower 
part  of  the  liquor  appeared  of  a  deep  blue,  whilft  all  the  upper  part  re- 
tained itsformer  yellownefs  ;  which  it  immediately  loft,  as  loon  as  the  oil 
of  tartar  was  difiufed  thro'  the  whole :  and.  the  liquor  thus  reftored,  being. 
Yicw'd,  either  againft,  or  from  the  light,  exhibited  the  fame  phenomena 
with  the  tiiL^d.  water,  before  the  adventitious  fluids  were  poured  into  it. 
Kircher  ioeaks  of  this  nephritic  wood,,  in  the  following  manner : 
*Tis  a  white  Mkxican:  wood,  and  tho*,  generally,  fuppofed  to  com- 
muiiicate  only  a  blue  colour  to.  water ;  yet  we  have  found,  by  re- 
peated experiments,  that  'twill  turn  it  into  all  kinds  of  colours.    Ther 
tree  itfelf,  'tis  faidj  conunonly  grows  to  a  large  (ize,  with  a  thick  evea 
trunk,  like  a  pear-tree,  leaves  refemWing  thofe  of  rue,  and  fmall  ob- 
long yellow  flowers,  srowing  in  dufters.    The  plant  is  cold  and  moift>. 
**  and  nearly  of  a  midcUe  temper.    The  wood  of  this  tree,  made  into  a 
**  cup,  turns  the  water  put  into  it,  firft  of  a  perfeft  blue  colour,  like  the^ 
?  buglols-flower  5  and  die  longer  it  ftands  herein,,  the  deeper  the  colour 
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^HTsic?.  "  grows.    But  if  this  colour'd  water  be  pat  into  ^  ^fs  globe,  and  ex- 

pofed  to  the  light,  there  will  not  appear  the  leaft  fign  of  bluenefs  there- 
in ;  but  the  liquor  will  be  clear  and  limpid,  like  pure  water.  Yet  if 
this  globe  of  glafs  be  turn'd  to  a  more  fhady  place,  the  whole  liquor 
will  appear  ot  a  pleafant  green ;  and  if  to  a  place  ftill  more  ihaded, 
"  of  a  reddifh  colour.  And  thus  'twill  change  its  hue,  according  to  the 
-*•  ob jefts  whereto  'tis  cxpofed.  But,  after  being  pbced  in  the  dark, 
"  'twill  regain  its  own  blue  caft."  In  this  account,  I  obferve  the  fol- 
lowing particulars  :  Firft,  the  author  calls  it  a  white  Mexican  wood  ; 
tho',  not  to  mention  that  Mmardes  fays,  'tis  brought  from  Nevj  Spaing 
the  wood  that  we  have  met  with,  and  employ'd  as  Lignum  Nephriticum^ 
was  not  white,  but,  for  the  moft  part,  of  a  dark  colour,  not  unlike  that 
of  the  fadder-colour'd  wood  of  juniper.  Tis  true,  Monardes  fays,  thar 
the  wood  is  white ;  and  it  is  alio  affirmed,  that  what  is  of  a  fadder  co- 
lour, is  adulterated,  by  being  imbued  with  the  tinfture  of  a  vegetable. 
But  having  enquired  of  the  moft  eminent  of  our  Englijh  druggifts,  he 
peremptorily  deny'd  it.  And,  indeed,  having  confidered  fome  of  the  fair- 
eft  round  pieces  of  this  wood,  that  I  could  procure,  I  took  notice,  in  one 
or  two  of  them,  that  'twas  the  external  part  only  that  appeared  white, 
whilft  the  more  internal  part  was  of  the  other  colour;  the  contrary 
whereto  would,  probably,  have  appeared,  if  the  wood  had  been  adul- 
terated after  the  manner  juft  mentioned.  And  I  have,  at  prelent,  by  me, 
a  piece  of  fuch  wood,  which,  ft)r  about  an  inch  next  the  bark,  is  white, 
and  then  fuddenly  paffes  to  the  above-faid  colour :  and  yet  this  wood, 
by  the  tinfture  it  affords  in  water,  feems  to  have  its  colour 'd  part  ge- 
nuine ;  for  the  white  part  appears,  upon  trial,  to  be  much  lefs  endow 'd 
with  the  tinging  property. 

Next,  our  author  tells  us,  that  the  inftifion  of  this  wood  expos'd  in  a 
ipherical  vial  to  the  light,  looks  like  fpring-water ;  and  adds,  that  there 
is  no  tindhire  to  be  feen  in  it :  but  herein  our  obfervation  and  his  do  not 
agree ;  for  the  liquor,  which  oppos'd  to  the  darker  part  of  a  room  ex- 
hibits a  sky-colour,  did  conftantly  with  us,  when  held  againft  the  light, 
appear  yellowifli  or  reddilh,  according  as  its  tindure  was  more  or  lefs 
deep.  So  that  if  there  be  no  miftake  in  the  cafe,  his  white  nephritic 
wood,  and  the  fadder-colour'd  one^  which  we  employ'd,  were  not  of  the 
fame  nature.  What  he  mentions  of  the  cup  made  of  this  wood,  we  have 
not  try'd ;  but  as  for  what  he  fays,  that  tnis  wood  tinges  the  water  with 
all  fons  of  colours,  that  is  much  more  than  any  of  thofe  pieces  we  have 
hitherto  employ'd  was  able  to  do  :  the  change  of  colours  difcernible  in  a 
vial  full  of  water  impregnated  by  any  of  them,  and  direfted  towards  a 
place  more  light  or  obfcure,  being  rar  from  affording  any  fuch  variety. 
And  as  for  what  he  tells  us,  that  in  the  dark  this  infiifion  will  refume  a 
blue  colour,  I  wilh  he  had  iirform'd  us  how  he  try'd  it.  But  having  fome- 
times  brought  a  round  long-neck'd  vial  fill'd  with  the  tinfture  of  this  wood 
into  the  darken'd  room  already  often  mchtion'd,  and  holding  it  fometimes 
near  the  fun-beams  that  enter  d  at  the  hole^  and  fbmedmes  partly  in  them 
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dnd  partly  out  of  them ;  varying  aJlb  the  pofinon  of  the  glafi,  and  view-  Physics. 
injg  it  from  feveral  parts  of  the  room,  it  diiclos'd  a  much  greater  variety  ■   --^-^    - 
ofcolours,  than  it  does  in  an  ordinary  enlightened  room :  for  befides  the 
ufual  ones,  it  exhibited  a  red  in  fome  parts,  and  a  gieen  in  others  ,•  with 
intermediate  colours  produced  i>y  the  aiftcrent  degrees  and  odd  mixtures 
of  light  and  (hade. 

*Tis  furprizing  in  this  e^^erimcnt,  that  the  blue  tin&ure  may  be 
deftroy*d  or  reftor'd,  whilft  the  yellowifli  or  reddifli  one  continues  as 
it  was.  That  falts  are  of  a  confiderable  ufe  in  ftriking  colours,  the 
many  experiments  which  the  dyers  trade  aflbrds  us,  will  fliew :  and  as 
far  as  we  have  hitherto  tryM,  thofe  liquors,  in  general,  which  great- 
ly abound  in  acid  falts,  have  the  power  of  deftroying  the  blue  colour 
in  this  infudon ;  as  thofe  that  abound  in  fulphureous  ones,  have  the  virtue 
to  reftore  it.  And  by  the  way,  this  obfervation  hints  to  us  a  new  and 
eafy  method  of  difcovering  in  many  liquors  whether  it  be  an  acid  or  a  ful- 
phureous fait  that  is  predominant.  'I'hat  fuch  a  difcovery  is  often  very 
difficult,  and  may  frequently  be  of  great  ufe^  he  who  is  no  ftranger  to 
the  various  properties  and  effeds  of  falts,  and  knows  of  how  great  moment 
it  is  to  be  able  to  diftinguilh  their  tribes,  will  readily  conceive. 

Now  fuppofe  I  would  try  whether  alum,  tho'  it  be  plainly  a  mix'd  body,  ^i^*,^*^!!^ 
abounds  rather  with  an  acid  than  a  fulphureous  fait,  I  turn  my  back  to  ftdf^m  jmU 
the  light,  and  holding  a  fmall  vial  full  of  the  tinfture  oi  Lignum  Nephritic  ^j^^^^'^^ 
aim  in  my  hand,  which  view'd  in  that  pofition  appears  blue  ;  then  drop- 
ping into  it  a  little  of  a  ftrong  folution  of  alum  made  in  fair  water,  and 
finding  upon  the  afhifion  and  Ihaking  of  the  whole,  that  the  bluenefs  for- 
merly confpicuous  in  our  tindure  prefently  vaniflies,  I  am  thereby  in- 
duced to  fuppofe,  that  the  fait  pretlominant  in  alum  is  acid.  But  if, 
on  the  other  hand,  I  would  examine,  whether  fait  of  urine,  or  of  hart*s- 
hom,  is  rather  of  a  falino-fulphureous,  than  of  an  acid  nature  ;  I  drop 
a  little  of  the  faline  fpirit  of  either,  into  the  nephritic  tinAure;  and 
finding  that  the  blue  colour  is  thereby  rather  deepened  than  deftroyed,  I 
coUeft,  that  the  falts  which  conftitute  thcffe  fpirits,  are  rather  fulphu- 
reous than  acid.  And,  to  fatisfy  myfelf  yet  farther  in  this  particular,  I 
take  a  fmall  vial  of  frefli  tinfture,  and  placing  both  it  and  myfelf,  with 
regard  to  the  lig^t,  as  before ;  I  drop  into  die  infufion  jv&  as  much  di- 
ftiSed  vinegar,  or  other  acid  liquor,  as  will  ferve  to  deprive  it  of  its 
bluenefs  ,•  then,  without  changing  nw  pofture,  I  drop,  and  (hake  into  the 
fame  vial,  a  fmall  proportion  of  fpirit  of  hart's-horn,  or  urine :  and 
finding,  upon  this,  the  tinfture  immeoiately  to  recover  its  blue  colour,  I  am 
thereby  confirmed  in  my  opinion  of  the  fulphureous  nature  of  thefe  £sdts: 

It  is  much  doubted  to  what  fort  of  fait  that  which  is  predominant  in 
quick-lime  belongs ;  but  we  have  been  perfuaded^  to  refer  it  rather  to  the 
lixiviate,  than  acid  ^ind,  by  obferving,  that  tho*  an  evaporated  infiifion 
of  it  wUl  fcarce  yield  fuch  a  fait  as  aflies,  and  other  alkaline  bodies  do ; 
yet  if  we  deprive  our  nephritic  tinfhire  of  its  bluenefs,  by  juft  fo  much 
diftilled  vinegar  as  is  requifke  to  make  that  colour  vanifh ;  die  lixiviuni 
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Physics,  of  quick-limc  will,  immediatdy,  upon  its  aftufion,  recall  the  baniihed 
\^^r\J  cdotir,    the'  not  fo   powerfully  as  either  of  the  fuiphureous  liquors, 
£3nnerly  mentioned.    And  I  guefs  at  the  ftrength  of  the  liquors,  thus 
examined,  by  the  quantity  of  them ;  which  is  fufficient  to  deftroy,  or 
reftore  the  blue  colour  of  our  tinfture.     But  whether  as  to  liquors, 
wherein  neither  acid  nor  alkaline  falts  are  eminently  predominant,  our 
tinfture  will  enable  us  to  conjefhu^  any  thing  more,  than  that  fuch  falts 
do  not  abound  in  them,  I  leave  to  further  trial ;  for  I  find  not,  that  fpi- 
rit  of  wine,  fpirit  of  tartar,  freed  from  acidity,  or  chymical  oil  of  turpen- 
tine, have  any  remarkable  power  to  deprive  our  tindbire  of  its  blue  colour, 
or  to  reftore  it,  when,  upon  the  aftufion  of  vinegar,  it  has  difappeared. 
vjgmnt  cJUms     1 1-  Wc  may  alfo  fee  in  a  mineral  body,  fbmething  very  near  of  kin  to 
^^ » *^   the  changeable  quality  of  the  ttn&ure  of  Ugnum  Nephriticum ;   for  I 
^$^       have  feveral  flat  pieces  of  glafs  of  the  thicknefs  of  ordinary  panes  for  win- 
dows, one  of  which  being  interpofed  betwixt  the  eye,  and  a  clear  light, 
appears  of  a   golden  colour,    not  much  unlike  that  of  the  moderate 
tmdure  of  our  wood :  but  being  viewed,  when  the  beams  of  light  pais 
not  fo  much  thro'  it,  as  they  are  reflected  from  it  to  the  eye,  the  yellow 
feems  to  d^nerate  into  a  pale  blue,  fomewhat  like  that  of  a  turquoife. 
And,  what  is  ftrange,  if  in  a  certain  pofition,  you  hold  one  of  thefe 
plates  perpendicular  to  the  horizon,  fb  that  the  fun  may  (hine  upon  one  half 
of  it,  whilft  the  other  half  is  fliaded,  you  may  fee  the  part  iuumin'd,  of 
a  much  fainter  yellow  than  the  fliaded  part,  which  will  appear  more 
richly  coloured.    And  if  the  glafs  be  not  held  perpendicular,  out  parallel 
to  the  horizon,  you  may  fee  the  (haded  part  of  a  golden  colour,  whilft 
the  other  appears  confiaerably  blue :  and  as  you  remove  any  part  of  the 
glafs,  thus  held  horizontally,  into  the  fun-b^ms,  or  the  fliaae,  it  will,  in 
die  twinkling  of  an  eye,  feem  to  pafs  from  one  of  thofe  colours  to  the 
other ;  and  uie  rays  pafCng  thro*  it,  and  received  by  a  flieet  of  white 
paper  held  near,  colour  it  with  a  yellow,  fomewhat  bordering  upon  a 
xea :  yet  the  glafs  may  be  fo  oppofed  to  the  fun,  as  to  throw  a  mixed 
Gobur  upon  paper,  in  lome  parts  more  inclined  to  yellow,  and  in  others 
to  a  blue. 

In  making  thefe  experiments  with  glafs,  you  muft  take  notice,  that  as 
one  of  the  fides  has  its  fuperficial  parts  diipofed  to  reflect  the  blue  co- 
lour, that  fide  muft  be  held  next  to  the  eye.  I  have  myfelf  made 
glafies  proper  to  exhibit  an  experiment,  not  unlike  the  laft  mentioned, 
by  laying  fome  filver,  very  finely  foUattecl,  upon  glafs,  and  giving  it,  by 
degrees,  a  much  ffaronger  fire  than  is  requifite  to  tinge  glafs  of  other  co- 
lours. And  this  experiment,  tho  made  without  a  furnace,  is  the  more 
confiderable ,-  becauie  a  skilful  painter,  who  allowed  'twas  with  filver  he 
coloured  his  glaffes  yellow,  told  me,  that,  when  to  burn  them,  he  lays  on 
the  plates  nothing  but  a  calx  of  filver,  calcined  without  corrofive  li- 
quors, and  tempered  with  fair  water,  the  plates  are  tinged  of  a  fine 
yeUow,  that  Iooks  of  a  golden  colour,  which  part  foever  be  turn'd  to,  or 
Irom  the  light ;  whilft  we  have  founds  moce  than  once,  that  fome  pieces 
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of  glafs,  prepared  after  our  manner,   tho',  when  held  againft  the  light,    Phvsics. 
they  appeared  of  a  tranfparent  yellow ;  yet  viewed  with  one's  back  tum'd  L^VN^ 
to  the  light,  exhibited  an  opake  blue. 

12.  There  are  but  few  nmple,  and  primary  colours;  from  the  various 5^;^ *^ J^ 
compofitions  whereof,  all  the  reft  refult :  for  tho'  painters  imitate  the  hues  biafZ.^ 

of  tnofe  numerous  dift'erent  colours,  to  be  met  with  in  the  works  of  na- 
ture, and  of  art ;  yet  I  have  not  fomid,  that  to  exhibit  tliis  ftrange  va- 
riety, they  need  employ  any  more  than  white,  black,  red,  blue,  and  yel- 
low ;  theie  five,  varioufly  compounded,  and  re-compounded,  being  fufii- 
cient  to  exhibit  fuch  a  variety,  as  thofe,  who  are  altogether  ftrangers  to 
the  painter's  pallet,  can  hardly  imagine.  Thus  black  and  white,  dinerently 
mixed,  make  a  vaft  number  of  lightex  and  darker  greys ;  blue  and  yellow 
make  a  great  variety  of  greens;  red  and  yellow  make  orange-tawny;  red, 
with  a  little  white,  makes  a  carnation ;  red,  with  an  eye  of  blue,  makes  ^ 

a  purple :  and,  by  thefe  fimple  compofitions  again  compounded,  the  skilful 
painter  can  produce  what  kind  of  colour  he  pleafes ;  and  a  great  many  more  - 
than  we  have  names  for.  But,  to  render  the  rules  about  the  produraon  of 
colours  fit  to  be  relied  on,  the  coi'pufcles,  whereof  the  feveiral  pigments 
confift,  muft  be  fuch  as  do  not  deftroy  one  j||Dther's  texture ;  fDr,  in  cafe 
they  do,  the  emerging  colour  may  be  very  cftJSjSht  from  what  would  refult 
from  tl^  mixture  of  other  agreeing  pigments  or  the  fame  colours. 

13.  It  may  alfo  help  to  diwover  the  nature  of  colours,  to  know,  that  ^^^ij^'^^ 
light  of  the  fun,  palling  thro'  diaphanous  bodies  of  different  hues,  may  be  eSmrs  •/  trmmf" 
tinged  of  the  fame  compoimd  colour,  as  if  it  proceeded  from  painters  co-  ^"J  *J^  '• 
lours  of  the  fame  denomination ;  tho*  the  latter  be  exhibited  1^  reflcftion,^^* 

and  manifeftlv  compounded  of  material  pigments.    Wherefore,  to  try  the 
compofition  ot  colours,  we  provided  feveral  plates  of  tilled  glafs,  which  be- 
ing laid,  two  at  a  time,  upon  one  another ;  the  objedr,  viewM  thro'  them 
b^,  appeared  of  a  compound  coloiu::  which  agrees  with  what  we  deliver  tl 
of  looking  againft  the  light  thro'  paper  of  differcint  colours.     But  we 
thought  the  experiment  would  be  more  fatis&dtory,  if  we  procured  the 
fun-beams  to  be  fo  tinged  in  their  pafiTage  thro'  plates  of  glafs,  as  to  exhibit 
the  compound  colour  upon  white  paper.    And  tho',  by  reafon  of  the  thick- 
nefs  of  the  glaflfes,  the  effeft  was  but  faint,  even  when  the  fun  (Kone 
ftrong ;  yet  we  eafily  remedy 'd  that,  by  coUefting  his  rays,  with  a  convex 
glafs ;  which  increaled  the  light,  at  the  point  where  they  met,  fufficiently, 
to  make  the  compound  colour  veiy  manifeft  upon  the  paper.    By  this  means 
we  obferved,  that  the  ravs  paffing  thro'  blue  and  yellow,  compofed  z 
green;  that  an  intenfe  and  moderate  red,  did,  with  yellow,  make  different 
degrees  of  faffron,  and  orange-tawny ;  that  green  and  blue  made  a  colour 
partaking  of  both,  like  what  fome  Latin  writers  call  Pav$naceus ;  and  that 
red  and  blue  made  a  purple.    To  which  we  might  add  other  colours  that 
we  produced  by  the  combinations  of  glaifes  difterently  tinged,  did  I  not 
want  proper  words  to  exprefs  them  in  our  language.    And  having  exjx)fed 
four  or  five  forts  of  coloured  glafs,  and  other  tranfparent  bodies  to  the  fun, 
and  caft  the  reflefted  light  upon  white  paper,  held  near  them ;  the  light 
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Physics,  appeared  not  manifeftly  tinged,  bixt  as  if  it  had  been  reflefted  from  the 
W^V^/  impervious  parts  of  a  coloxirlefs  glafs ;  only  that  reflefted  from  the  yellow, 
was  here  and  there  ftained  with  the  fame  colour ;  as  if  thofe  rays  were  not 
all  reflefted  from  the  fuperficial,  but  fomc  from  the  internal  parts  of  the 
glafs.    And  a  skilful  tradefman,  who  makes  fuch  coloured  glafs,  told  me, 
that  whereas  the  red  pigment  was  but  fuperficial,  the  yellow  penetrated  to 
the  very  midft  of  the  plate.    But,  for  further  facis&cVion,  we  foliated  a 
plate  Qi  Mufcovy  glafs,  and  laying  on  it  a  little  tran^arent  vamilh  of  a  gold- 
colour,  we  expofed  it  to  the  fun-beams,  fo  as  to  cafl  them  upon  a  proper 
Ixxly ;  on  which  the  reflefted  light  appearing  vdlow,  manifefted,  that,  be- 
ing reflected  from  the  fpecular  part  of  the  iclenites,  it  was  tinged,  in  its 
return,  with  the  colour  of  the  tranfparent  vamifh,  thro*  which  it  paiTed. 
mmmS*'^     14.  We  now  proceed  to  fome  experiments  made  in  favour  of  thofe  co- 
'^'^    **     lours,  that  are  taught  in  the  fchools,  not  to  be  real,  but  only  apparent,  and 
fantafKcal.    And,  upon  trial,  we  found,  that  thefe  colours  might  be  com- 
pounded both  with  true  and  ftable  colours ;  and,  with  one  another,  as  well 
as  thofe  which  are  unquefHonably  genuine  and  lafling ;  and  that  the  co- 
lours refulting  from  fuch  compofitions,  would  refpe&ively  deferve  the  lame 
denominations.    For,  firft^lkving,  by  means  of  a  glafis  prifin,  thrown  an 
iris  on  the  floor ;  I  fouiffl^Jliat,  by  placing  a  blue  glafs  at  a  convenient 
difbmce,  betwixt  the  prifm  and  the  iris,  that  part  of  the  iris,  which  before 
was  yellow,  might  be  made  to  appear  ^een ;  tho*  not  of  a  grafs-green, 
but  more  diluted  and  yellowifh.    And  it  feems  not  improbable,  that  the 
narrow  greenifh  lift,  ufually  feen  between  the  yellow  and  blue  parts  of 
the  iris,  is  made  by  the  confrifion  of  thofe  two  bordering  colours.    And  tho* 
the  want  of  a  fufficient  livelinefs  in  either  of  the  compounding  coloiu*s, 
or  a  fmall  error  in  the  manner  of  making  the  foUowii^  trials,  was  enough 
to  render  fome   of  them  unfuccefsful ;   yet  when  all  neceflary  circum- 
ftances  were  duly  confidered,  the  event  was  anfwerable  to  our  expefta- 
tion.    As  a  red  and  blue  compound  a  purple,  fo  I  could  produce  the  latter 
of  the  three  colours,  by  cafting,  at  fome  diftance  from  the  glafs,  the  blue 
pan  of  the  prifmatic  iris,  upon  a  lively  red.    And  fometimes,  when  I  try*d 
this  upon  a  piece  of  red  cloth,  that  part  of  the  iris,  which  would  have  been 
blue,  and,  it  compounded  with  the  red  of  the  cloth",  appeared  of  a  fair  purple ; 
did,  when  I  came  to  view  it  near,  look  very  oddly,  as  if  there  were  lome 
ftranpe  rcfleftion,  or  refradlion,  or  both,  made  in  the  hairs  of  which  that 
cloth  was  compofed.    Cafting,  likewife,  the  prifinatic  iris  upon  a  very  vivid 
blue,  I  found  that  part  of  it,  which  would  otherwife  have  been  the  yel- 
low, appear  green.    But  it  may  feem  more  ftrange,  that  tho*  this  iris,  be- 
ii\g  made  by  the  refraftion  of  light  thro*  a  body  that  has  no  colour,  muft, 
according  to  the  doftrine  of  the  fchools,  confift  of  the  pureft  emphatical 
colours ;  yet  even  thefe  may  be  compounded  of  one  another,  as  well  as 
real  colours  in  the  groffeft  pigments.    For  I  took,  at  once,  two  triangular 
glalTes,  and  one  of  them  being  kept  fixed  in  the  fame  pofture,  that  the  iris 
it  prcjefted  on  the  floor  might  not  waver,  I  caft  on  the  fame  floor  another 
iris  with  the  other  prifm,  and  moving  it  to  and  fro,  to  bring  what  pan  of 
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the  fecond  iris  I  pleasM,  to  fall  upon  what  part  of  the  firft  I  thought  fit ;  Phyj^ics. 
we  fcwnetimes,  by  this  means,  obtained  a  green  colour  in  that  part  of  the  K^^^TSJ 
more  ftable  iris  tnat  before  was  yellow  or  blue ;  and,  frequently,  by  cafting 
thofe  rays,  that  in  one  iris  made  the  blue,  upon  the  red  parts  of  the  other, 
we  produced  a  lovely  purple  ;  which  might  be  deftroyed,  or  re-compofed  at 
pleafure,  bv  feparating  and  re-joining  the  edges  of  the  two. 

15.  Conudenng  the  prifin  as  the  moft  uleful  inftrument  hitherto  em^  Ei^frhmiwii 
ployM  about  colours,  and  that  thofe  generally  ufed,  are  made  of  glafs,  JJ^'^  ^J^  ** 
tranfoarent  and  colourlefs ;  I  thought  proper  to  try  what  change  the  fuper- 
induraon  of  a  colour,  without  deftroying  the  tranQ)arency,  would  produce 

in  the  phenomena  exhibited  by  it.  But,  being  unable  to  prociu*e  one  of 
coloured  glafs,  and  fearing  alio,  that  if  it  were  not  carefully  made,  the 
thicknefs  of  it  would  renckr  it  too  opake ;  I  endeavoured  to  fupply  its 
place  by  one  of  clarifyM  rofin,  or  of  tiupentine  brought  to  the  confiftence 
of  a  tranfparent  gum.  Our  attempts  this  way  were  not  wholly  loft  indeed, 
yet  we  found  it  fo  difficult  to  give  thefe  materials  their  true  ihape,  thit 
we  chofe  rather  to  vamifti  over  an  ordinary  prifin  with  fome  tranfparent 
pigment ;  and  this  we  did,  firft  with  a  yellow,  and  then  with  a  red,  or 
crimfon  one,  made  of  lac,  tempered  with  a  convenient  oil :  the  event  wns, 
that,  for  want  of  good  tranfparent  colours,  of  wliich  there  are  but  very 
few,  both  the  yellow  and  the  red  rendered  the  glafs  fo  opake,  tho'  pin- 
dently  laid  on,  that,  unlefs  I  look'd  upon  fome  very  vivid  objedt,  I  could 
icarce  cUfcern  any  colours  at  all,  elpecially  when  the  glafs  was  co- 
vered with  red.  And,  upon  viewing  fuch  objefts,  I  found,  that  the  co- 
lours of  the  pigment  had  vitiated,  or  drown'd,  fome  of  thofe  which  the 
prifin  would  otherwiie  have  exhibited ;  and,  mixing  with  others,  altered 
them.  Thus,  when  covered  with  yellow,  it  made  thole  parts  of  bright  ob- 
]e£b,  where  the  blue  fhould  have  been  confpicuous,  appear  of  a  light 
green.  But  the  nature  of  the  coloiu'S,  the  degree  of  tranfparency,  and  dark- 
ncfs  in  the  pigment,  with  many  oxba:  circumftances,  fo  vary'd  the  pheno- 
mena of  thefe  trials,  that,  till  I  can  procure  finall  coloured  prifms,  or  hol- 
low ones,  that  may  be  filled  with  tinged  liquors,  or  obtain  fome  better  pig*- 
ments,  than  thofe  I  was  reduced  to  employ ;  I  fhall  forbear  to  build  any 
thing  upon  what  I  have  done  in  this  way :  only  defire  the  inquiry  may  be 
further  profecuted. 

16.  There  are  fome  liauors  which,  tho*  colourlefs  themfelves,  yet,  when  Lm^iimn 
they  come  to  be  elevated,  and  difpcrfed  into  exhalations,  exhibit  a  conlpi-  J2^/£^^ 
cuous  colour ;  which  they  lofe  again,  when  re-united  into  a  liquor.    Thus, 

good  fpirit  of  nitre,  or  ftrong  Ajuafortis^  tho*  they  have  no  appearance 
of  rednefs,  whilft  m  the  form  of  a  liquor;  if  a  little  heat  chance  to  turn 
the  minute  parts  of  them  into  vapours,  the  fteam  will  appear  of  a  reddifh, 
or  deep  yellow  colomr ;  which  vanifties,  when  thofe  exhalations  refiimc  the 
form  of  a  liquor.  And  if  you  look  upon  a  glafs,  half  full  of  Amafmisy  or 
fpirit  of  nitre,  and  the  other  half  full  of  fteams,  proceeding  from  eitiicr ; 
you  will  fee  the  upper  part  of  the  glafs,  of  the  colour  juft  mentioned,  if 
tum'd  to  the  light.    But,  what  is  much  more  confiderable,  I  have  try'd, 
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JPhtsics.  that  putting  Aquafortis  in  a  long  clear  glafs,  and  adding  thereto  a  little 
WOrV^  copper,  or  lome  fuch  open  metal,  to  excite  heat  and  fumes ;  the  light  paffing 
thro'  thofe  fiimes  being  caft  upon  a  fheet  of  white  paper,  appear  thereon  of 
the  colour  of  the  fumes,  when  direftly  viewed ;  as  ir  the  light  were  as  well 
tinged  in  its  paflfage  thro'  thefe  fumes,  as  it  would  have  been  by  paffing 
thro'  fome  glafs,  or  liquor,  in  which  the  fame  colour  was  inherent.  Having, 
alfo,  fometimes  obferved,  whether  the  beams  of  the  fun,  near  the  horizon, 
paffing  thro'  a  very  red  sky,  would  not  exhibit  the  like  colour ;  I  found, 
that  the  rays  falling  in  a  room,  upon  a  very  wliite  objeft,  placed  diredlly 
oppofite  to  the  fun,  difclofed  a  manifeft  rednefs,  as  if  they  had  pafs'd  thro' 
a  coloured  medium. 

1 7;  The  refulting  of  colours,  upon  the  coalition  of  the  particles  of  fuch 
bodies,  as  were  neither  of  them  coloured  like  that  mixture  whereof  they 
are  the  ingredients,  is  very  well  worth  our  niceft  obfervation ;  being  of  great 
fervice,  both  in  fpeculation  and  pradlice.  For  the  mechanical  ufe  of  colours, 
among  painters  and  dyers,  very  much  depend^  upon  knowing  which  of  them 
are  producible  by  mixing  pigments  of  different  hues.  And  'tis  of  advan- 
tage to  the  naturaiift  to  £iow  how  many,  and  which  colours  are  primitive 
and  fimple ;  becaufe  it  both  eafes  his  labour,  by  confining  his  inquiry  to 
a  finall  number  of  thofe  upon  which  the  reft  depend ;  and  affifts  him  to 
judge  of  the  natxu-e  of  particular  compound  colours,  bjr  fliewing,  from  the 
mixture  of  what  more  fimple  ones,  and  in  what  proportions  to  one  another^ 
the  particular  colour  to  be  confidered,  refults.  But  becaufe  to  infift  on  the 
proportions,  the  manner,  and  the  effefts  of  fuch  mixtures,  would  oblige 
me  to  conlider  a  great  part  of  the  painter's  art,  and  dyer's  trade ;  I  fhall 
confine  myfelf  to  mention  feveral  ways  of  producing  green,  by  the  com- 
pofition  of  blue  and  yellow. 
&off«2  «jri  rf  Firft,  then,  as  painters  make  a  green,  by  tempering  blue  and  yellow,  •  re- 
fiiH^'wdTAdnduced  to  a  foft  confiftence,  with  water,  oil,  or  fome  liquor  of  kin  to  thefe ; 
S9i  yitkw.  I  found,  that  by  chufing  fit  ingredients,  and  mixing  them  m  the  form  of  dry 
powders,  I  could  do  more  this  way,  than  if  the  ingredients  were  tempered 
with  a  liquor.  But  the  blue  and  yellow  powders,  belides  being  finely  ground, 
muft  be  luch,  that  the  corpufcles  of  the  one  may  not  be  too  unequal  to  thofe 
of  the  other ;  left,  by  their  difproportionate  minutenefs,  the  fmaller  cover 
and  hide  the  greater.  We  uled,  with  good  fuccefs,  a  flight  mixture  of 
the  fine  powder  of  bife,  with  that  of  orpiment,  or  good  yellow  oker,  tho* 
an  exquifite  mixtuie  did  not  fucceed  fo  well ;  but,  by  lightly  mixing  the 
two  in  feveial  little  parcels,  thofe  of  them  in  which  the  proportion  and 
mamier  of  mixture  was  more  luckily  hit,  afforded  us  a  good  green. 

(2.)  I  have  alfo  learned,  at  the  dye-houfe,  that  cloth,  dy'd  blue  with 
woad,  is  afterwards,  by  the  yellow  decodtion  of  Luteola,,  tum'd  to  a 
green. 

(3  •)  We  formerly  faid,  that  having  in  a  darkned  room  taken  two  bodies, 
a  blue  and  a  yellow,  and  caft  the  light  refle£ked  from  the  one  upon  the 
other  j  we  thereby  obtained  a  green. 

(4.)  We 
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C4.)  We  alfo  formerly    obferv'd  a  green  to  be  produced^  when  m   Physics. 
the  lame  darkened  room  we  looked  at  the  hole  where  the  light  entered, 
thro'  the  green  and  yellow  parts  of  a  flieet  of  marbled   paper  laid  one 
upon  the  other. 

(5.)  We  found  too,  that  the  beams  of  the  fun  palling  thro*  two  pieces  of 
glafs,  the  one  blue,  and  the  other  yellow,  laid  upon  one  another,  did 
upon  a  flieet  of  white  paper,  on  which  they  were  made  to  fall,  exhibit  a 
lovely  green :  and  other  experiments  have  been  before  delivered  to  the 
fame  purpofe. 

K  (6.)  We  have  likewife  contrived  a  way  of  trying  whether  metalline  fo- 
lutions,  tho'  one  of  them  had  its  colour  adventitious,  might  not,  by  the 
mixture  of  the  menftrua  employed,  be  made  to  com{>ound  a  green,  after 
the  manner  of  other  bodies.  To  a  high  yellow  folution  of  pure  gold  in 
AquaregiUy  I  put  a  due  proportion  of  a  fine  deep  blue  folution  or  crude 
copper,  made  in  fpirit  of  urine  ^  andthefetwo  liquors,  tho*  at  firft  they 
feem'd  to  coagulate  each  other  a  little,  yet  being  thoroughly  mixM  by 
Ihaking,  they  prefently  united  into  a  tranfparent  green  liauor ;  and  lo 
continued  for  feveral  days  ;  only  letting  fall  a  little  blackim  powder  to 
the  bottom.    This  experiment  we  more  than  once  repeated  with  fuccefs. 

(7.)  And  laftly,  to  try  whether  this  way  of  compoundiiijg  colours  would 
hold  even  in  ingredients  aftually  melted  by  the  violence  otthe  fire,  provi- 
ded their  texture  were  capable  of  enduring  fufion ;  we  caufed  fbme  blue  • 
and  yellow  ammel  to  be  long  and  well  wrought  together  in  the  flame  of  a 
lamp,  which  being  ftrongly  and  inceffantly  blown,  kept  them  in  fome  degree  . 
of  fufion ;  whence  at  length  we  obtained  an  amel  of  a  green  colour. 

I  have  fometimes  con jeftured,  that  the  mixture  of  the  bife  and  the  ^«f 
orpiment,  lately  mentioned,  produced  a  green,  by  altering  the  fuperficialMfanriM/itdS:- 
afperity  which  each  of  thofe  ingredients  had  a-part ;  fo  that  the  light  *!y^i^*»*«^- 
£auing  on  the  mixture,  was  refleSed  with  different  fliades,  as  to  quantity 
or  order,  or  both,  from  thofe  of  either  of  the  ingredients ;  and  fuch 
wherewith  the  light  is  modify 'd,  when  it.reflefts  from  grafs  or  leaves,  tXc. 
that  we  call  green.  And  lometimes  too  I  have  doubted  whether  the 
green  thus  produced,  might  not  be  partly  derived  from  hence ;  that  the 
rays  jreflefted  from  the  corpulcles  of  the  orpiment  giving  one  kind  of 
ftroke  upon  the  retina,  whofe  perception  we  call  ydlow,  and  thofe  re- 
flefted  from  the  corpufcles  of  the  bife  giving  another  ftroke  upon  the  fame 
retina,  like  ob jefts  that  aie  blue ;  the  contiguity  and  minutenef$  of  thefe  • 
corpufcles  may  make  the  appulfe  of  the  reflefted  light  fall  upon  the  retina 
within  io  narrow  a  compals,  that  the  part  they  ftrike  being  as  it  were  a 
phyfical  point,  they  might  give  a  compounded  ftroke,  and  confequently 
exhibit  a  new  compound  kind  of  fenfation ;  as  we  fee  that  two  ftrings  of  a 
mufical  inftrument  being  ftruck  together,  give  two  founds,  which  arrive 
at  the  ear  in  the  lame  time ;  and  caufe  a  differing  fenfation  from  either  of 
them,  and  as  it  were  one  compounded  of  both-  I  fhall  only  here  farther 
obfervc,  that  the  firft  of  thefe  ways  of  compounding  a  green,  agrees  much 
better  with  our  conje£iures  about  colours,  than  either  with  the  doftrinc 
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Phtsics.  of  the  fchools,  or  with  that  of  the  chy mills.  For  firft,  in  the  mixture  of 
k^VNi-/  the  two  powders  I  could,  by  the  help  of  an  excellent  microfcope,  difcover 
that  what  feem'd  to  the  naked  eye  a  green  body,  was  but  a  heap  of 
diftinft,  tho'  very  fmall  grains  of  yellow  orpiment  and  blue  bife  confuledly 
blended  together;  whence  it  appears,  that  the  coloured  corpufcles  of 
cither  kmd  did  each  retain  its  own  nature  and  colour :  fo  much  may  mere 
tranfpodtion  and  juxta-poiition  of  minute  and  finely  unchanged  particles  of 
matter,  contribute  to  produce  a  new  colour.  Secondly,  the  green  thus 
made,  being  mechanically  produced,  there  is  no  pretence  to  derive  it  from 
any  unintelligible  fubftantial  form ;  nor  does  this  green,  tho*  a  real  and 
permanent  colour,  feemto  be  a  very  inherent  quality,  as  by  that  doftrine 
It  ought  to  be ;  fince  each  part  of  the  mixture  remains  unalcer'd  in  colour, 
and  confequehtly  of  a  different  one  from  the  heap  they  compofe  :  for,  if  the 
eye  be  affifted  by  a  microfcope,  it  no  longer  fees  a  green  body,  but  a  heap 
of  blue  and  }  ellow  corpulcles.  And  thirdly,  I  demand  what  fulphur, 
Iklt,  or  mercury  have  to  do  in  the  produftion  of  this  green  ?  for  neither 
the  bife  nor  the  orpiment  were  of  that  colour  before ;  and  the  bare  juxta- 
pofidon  of  the  corpulcles  of  the  two  powders  that  operate  not  upon  each 
other,  but  might,  if  we  had  convenient  inftruments,  be  feparated  un- 
altered, cannot  with  any  probability  be  imagined  either  to  increafe  or  di- 
minifli  any  of  the  three  hypoftatical  principles. 
n%  ^"^^  ^  1 8.  But  it  is  not  every  yellow  and  every  blue  that  will  by  their  mixture 
^i&MMiidr  afford  a  green.  For  in  cafe  either  of  the  ingredients  has  a  power  to  alter 
^^  •  the  texture  of  the  other,  fo  as  to  indifpofe  it  to  refleft  the  light,  as  bodies 
""  that  exhibit  a  blue  or  a  yellow,  reflect  it ;  the  emerging  colour  may  not 

be  green>  but  fuch  as  th^  change  of  texture  in  the  corpufcles  of  one  or 
both  of  the  ingredients  qualifies  them  to  give.  Thus,  for  inftance,  if  you 
let  fall  a  few  drops  of  fyrup  of  violets  upon  a  piece  of  white  paper,  tho* 
the  fyrup  will  appear  blue  tliereon,  yet  by  mixing  with  it  two  or  three 
drops  of  the  above-mention'd  folution  of  gold,  I  obtainM  a  reddilh  mixture 
from  the  power  of  the  acid  falts  in  the  folution.  And  having  made  a 
very  flrong  and  high-colour*d  folution  of  copper-filings  with  fpirit  of 
urine,  tho'  the  menflruum  feem*d  fiiUy  faturated  with  the  metal ;  yet 
having  let  three  or  four  drops  of  fyrup  of  violets  fall  upon  white  paper,  I 
found  that  the  deep  blue  folution  proportionably  mix  d  with  this  other 
blue  liquor,  made  not  a  blue,  but,  upon  account  of  the  urinous  fait  in 
the  menftruum,  a  fair  green. 
th$  €dmn  tf  I  p.  Tofhew  the  chymifts  that  colours  may  be  made  to  appear  or  vanifli 
^lilauv^  where  there  happens  no  acceflion  or  change  either  of  the  fulphureous, 
AmStdfimMt*  the  faliue,  or  the  mercurial  principle  of  bodies,  I  (hall  not  make  ufe  of 
the  iris  afforded  by  the  glafs  prifm,  nor  of  the  colours  to  be  feen  in  a  fair 
morning  in  thofe  drops  of  dew,  that  in  a  convenient  manner  refledt  and 
refraft  the  rays  of  light  to  the  eye  ;  but  remind  them  of  what  they  may 
obferve  in  their  own  laboratories.  For  all  chymical  effential  oils,  as  alio 
good  fpirit  of  wine,  being  (haken  till  they  rife  in  bubbles,  thofe  bubbles 
appear  with  various  fine  colours,  which  all  inunediately  vanifh  upon  the 
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rekpfing  of  the  liquor  that  aflbrds  them  their  films,  into  the  reft  of  the  oil  Physics* 
or  fpirit  of  wine ;  fo  that  a  colourlefs  liquor  may  immediately  be  made  to  VXSf^^. 
exhibit  a  variety  of  colours,  and  lofe  diem  in  a  moment,  without  the  a(N 
ceffion  or  diminution  of  any  of  its  hypoftatical  principles.  And,  by  the 
way,  'tis  worthy  our  notice,  that  fbme  bodies,  as  well  colourlefs  as  co* 
lour'd,  by  being  brought  to  a  great  thinnefs  of  parts,  acquire  colours 
they  had  not  before,  j^r  not  to  infift  on  the  variety  of  colours  that  wa- 
ter, 'rendered  glutinous  by  Ibap,  acquhes,  when  blown  into  fpherical 
bubbles ;  turpentine  will,  by  being  blown  into  after  a  certain  manner, 
aflkrd  bubbles  adorn 'd  with  various  colours ;  which  tho'  they  foon  vaniih 
after  the  bubbles  break,  yet  thefe  would,  probably,  always  varioufly  exhi- 
bit colours  upon  their  fuperficies,  if  their  texture  were  durable  enough : 
ibr  I  have  feen  a  perfon  skillM  at  fafhioning  glalTes,  by  the  help  of  a  lamp, 
blow  fome  fo  vehemently,  as  to  burft  them  ;  whereupon  we  found  the  te- 
nacity of  the  metal  fuch,  that  before  it  broke,  it  fuflfer  d  itfelf  to  be  reduced 
into  films  fo  extremely  thin,  that  being  kept  clean,  they  conftantly  (hew'd 
on  their  fiirfaces  the  varying  colours  of  the  rain-bow,  which  were  ex- 
ceedingly vivid.  Taking,  alio,  a  feather  of  a  convenient  ihape  and  btgnefs^ 
and  holding  it  at  a  due  diftance  betwixt  my  eye  and  the  fun,  when  near 
the  horizon,  there  appeared  to  me  a  variety  of  little  rain-bows,  with  dif-* 
ferent  and  very  vivid  colours,  none  of  which  were  conftantly  to  be  feen 
in  the  feather.  The  like  phenomenon  I  have  at  other  times  produced,  by 
interpofing,  at  a  proper  diftance,  a  piece  of  black  ribbund  betwixt  the 
fetting  fun  and  my  eye. 

20.  Drop  a  little  good  fyrup  of  violets  upon  white  paper,  and  on  thisfjj^jj^^^ 
liGuorlet^"^ '        '"         -•   •      ^''       -        ^  ^^       • 

other  emii 

find  the  fy^    .  , 

or  that  of  vinegar,  you  drop  upon  the  fyrup  a  little  oil  of  tartar  per' 
deliquiuntj  or  of  the  lolution  of  pot-aflies,  and  ftir  them  together  with 
your  finger,  the  blue  colour  of.  the  fyrup  will  in  a  moment  be  turned 
into  a  perfeft  green.  *  And  this  fyrup  may  be  fubftituted  for  the  infu- 
fion  ot  Lignum  Nefhtiticum^  when  we  would  examine  whether  the  fait 
predominant  in  a  liquor,  or  other  body,  wherein  'tis  loofe  and  in  plenty, 
belongs  to  the  tribe  of  acid  falts.  For  if  fuch  a  body  turns  the  fyrup  of  a 
Ted  ox  reddifh  purple  colour,  it  for  the  moft  part  argues  that  body  to 
abound  with  acid  fait.  But  if  the  fyrup  be  turn'd  green  thereby,  the 
predominant  ialt  feems  to  be  of  a  nature  contrary  to  acid.  For  as  Ipirit 
of  fait,  oil  of  vitriol.  Aquafortis^  fpirit  of  vinegar,  juice  of  lAnnions,  &q^ 
will  turn  fyrup  of  violets  red  or  reddifh;  fol  have  found  that  not  onJy.all. 
the  volatile  falts  of  animal  fubftances  which  I  have  ufed,  as  fpirit  of  hart's— 
horn,  of  urine,  of  fal-armoniac,  of  blood,  d^c.  but  all  the  alkalrae  falts  I 
have  emoloy'd,  as  the  folution  of  fait  of  tartar,#of  pot-afhes,  of  common 
wbod-alhes,  lime-water,  tXc.  will  immediately  change  that  blue  fyrup 
into  a  perfeft  green.  And  by  the  fame  way,  the  changes  that  nature  and  • 
time, produce  m  the  more  falinc  parts  of  fome  bodies,  may  be  difcover'd  ^ 
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Physics-  and  fuch  bodies  chymically  prepared,  as  belong  neither  to  the  animal 
*  kingdom,  nor  to  the  tribe  of  alkalies,  have  their  new  nature  fuccefsfuUy 
examined.  But  to  change  the  colour  of  this  fyrup,  it  requires  that  the  body 
be  more  ftrong  of  the  acid  or  other  fait  predominant  in  it,  tha^^s  neceflary 
to  work  upon  the  tinfture  of  Lignum  Nephitkum :  and  tho' the  aftions  of 
thefc  contrary  £alts  will  deftroy  each  other,  yet  neither  bf  them  will  re^ 
ftore  the  lyrup  to  its  native  blue,  as  in  the  nephritic  tinfture  ^  but  each 
of  them  changes  it  into  the  colour  which  itfelf  affefts. 

a  I.  By  dropping  on  the  frefh  juice  of  blue-bottles,  or  the  Cyanus  vtilga^ 
ris  minoTy  a  little  fpirit  of  falc,  it  immediately  turn'd  to  a  red.     And  if 
inftead  of  the  acid  fpirit,,  I  mix'd  with  it  a  little  ftrong  folution  of  an 
alkaline  ialt,  it  prefently  difclofed  a  lovely  green  ;  the  fame  changes  being, 
by  thofe  different  forts  of  faline  liquors,  producible  in  this  juice,  as  in  fy- 
rup of  violets.    And  finding  this  blue  juice,  whenfrefli,  to  be  capable  of 
ferving  for  an  ink  of  that  colour ;  I  attempted,  by  moiftening  one  part  of 
a  piece  of  white  paper  with  the  fpirit  of  fait,  and  another  with  fome 
alkaline  or  volatile  liquor,  to  draw  a  line  on  the  paper  after  it  was  dry^ 
that  fliould  appear  partly  blue,  partly  red,  and  partly  green :  but  the 
latter  part  of  ^  experiment  did  not  fucceed  well,  tho'  the  blue  and  red 
were  confpicuous  enough  to  furprize  thofe  who  were  unacquainted  with 
the  trick.    But  left  it  fliould  be  thought  that  volatile  or  alkaline  £ilts 
change  blue  into  green  rather  upon  the  fcore  of  the  eafy  tranfition  of  the 
former  colour  into  the  latter,  than  upon  account  of  the  texture,  wherein 
moft  v^etables,  that  afford  a  blue,  feem  to  be  allied ;  I  fliall  add,  that 
having  cuffolv'd  blue  vitriol  in  fair  water,  and  put  a  lixiviate  liquor  and 
an  urinous  fait  to  diflinft  parcels  of  it,  each  of  'em  turned  the  liquor  not 
green,  but  of  a  deep  yellowifti  colour,  almoft  like  that  of  yellow  oker ; 
which  colour,  the  corpufcles  thereby  precipitated,  retained. 

22.  The  hint  of  the  following  experiment  was  afforded  us  by  the  pracr 
tice  of  fome  Italian  painters,  who  counterfeit  ultra-marine  azure  *  by 

grinding 

*  The Pn»/^4}f blue  is  allowMto  excel  four  pints  of  boiling  water;  and  let  it 
the  ultra- marine.    And  the  preparation  of    continue  boiling  for  half  an  hour,  '^sr.in 

it  being  very  curious  and  ideful,  we  (hall  the  decoQion ,  dilute  the  black  remaining 
bere  give  an  extra&  of  that  receit  for  it  I  fubftance  with  water,  and  boil  and  ftrain 

which  was  lately  communicated  to  the  as  before,  till  the  water  pour'd  on  bc- 

Royal  Society  by  Dr.  Woodnatd^  as  fent  him  comes  infipid.    Add  the  feveral  (trainings 

from  Germany.    Take  of  crude  nitre  and  together,    and   evaporate   them  to  four 

crude  tartar,  each  four  ounces ;   powder  pints.    Then  diffolve  an  ounce  of  Englijb 

them  fine,  miFthcm  together;  and  after  vitriol,  calcined  white,   in  fix  ounces  of 


decrepitation,  there  will  remain  four 
ounces  of  a  fait  of  tartar :  whilft  this  is 
hot,  pulverize  it,  and  add  thereto  four 
ounces  of  well-dry "d  ox-blood,  in  fine  pow- 
der. Calcine  the  whole  in  a^over'd  cru- 
cible, whereof  it  may  fill  two  thirds. 
After  this  operation,  lightly  grind  the 
matter  in  a  mortar,  andjput  it  hot  into 


rain-water,  and  filtre  the  Iblution.  Dif- 
f^ve,likewiiC|half  a  pound  of  crude  alum 
in  two  quarts  of  boiling  water ;  and  add 
this  to  the  folution  of  the  vitriol  taken 
hot  from  the  fire ;  pouring  to  them  alfo 
the  firft  lixivium,  whilft  thoroughly  hot, 
in  a  large  vefleL  A  great  ebullition^ 
and  a  green  colour^  wiU  immediately 
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grinding  verdigreafe  with  fal-armoniac  and  feme  other  (aline  ingredients, 
and  filtering  tnem  to  lie  for  a  good  while  together  in  a  dunghill;  for  we 
fuppo£ed,  tMt  the  change  of  colour  wrought  in  the  verdigreafe  by  this 
way  of  preparation,  muft  proceed  from  the  adion  of  certain  volatile  and 
alkaline  falts,  abounding  in  fome  of  the  mixed  concretes,  and  brought  to 
make  a  further  diifolution  of  the  copper  contained  in  the  verdigreafe ;  and 
therefore  conjectured,  that  if  both  the  verdigreafe,  and  fuch  falts,  were 
ditfolved  in  fair  water,  the  fmall  parts  of  both  being  therein  more  fub- 
divided,  and  fet  at  liberty,  would  nave  better  accefs  to  each  other,  and 
thence  incorporate  much  the  fooner.  And,  accordingly,  we  found,  that  ^  Ij^^j^J 
if,  upon  a  ftrong  folution  of  good  Freuch  verdigreafe,  we  poured  a  juft  ^  * 
quantity  of  oil  of  tartar,  and  mook  them  well  tc^ether,  a  notable  change 
of  colour  immediately  fucceeded ;  the  mixture  growing  thick,  and  not 
xranfparent ;  but  if  you  flay  till  the  grofTcr  part  be  precipitated,  and 
fettled  at  the  bottom,  you  may  obtain  a  clear  liquor  of^an  exceeding  de- 
lightful colour.  You  muft  drop  in  a  competent  quantity  of  oil  cttat^ 
tar,  otherwife  the  colour  will  not  be  fo  deep  and  rich ;  but  if,  inftead 
of  this  oil,  you  employ  a  clear  lixivium  of  pot*afhes,  you  may  have  an 
azure,  fomewhat  hghter  or  paler  than  the  former.  And  if,  inflead  of  ci- 
therof  thefe  liquors,  you  make  ufe  of  fpirit  of  urine,  or  of  hart's-hom, 
you  will,  according  to  the  Quantity  and  quality  of  the  fpirit  poured  in,  ob- 
tain fome  further  variety  of  blue  hquors ;  and,  by  the  nek)  of  this  urinous 
fpirit,  we  have  made  a  furpriring  blue  liquor.  But  thefe  azure-coloured 
liquors  fhould  be  freed  from  the  fubfiding  matter,  which  the  falts  of  tar- 
tar, or  urine,  precipitate  out  of  them,  rather  by  being  decanted,  than  by 
filtration ;  for,  in  the  latter  method,  we  have  fbmetimes  found  the  colour 
of  them  very  much  impaired. 

aj.  That  rofes,  held  over  the  fume  of  fulphur,  may  quickly  be  thereto  <tf «  «* 
deprived  of  their  colour>  and  have  as  much  of  their  leaves,  as  the  fume 
wor^  upon,  turned  pale,  we  have  already  hinted  ^  and  it  is  a  knovm 
experiment.    But  it  may  feem  ftrange  to  one  who  has  never  confidered 
the  compound  nature  of  brimftone,  that  tho'  the  fume  of  it,  as  we 


cnfoe.  Whilft  this  cibollition  continues, 
pour  the  mixture  out  of  one  veflel  into 
another,  and  afterwarcU  let  it  reft.  Then 
Tun  the  liqnor  thro*  a  linen,  and  let 
the  pigment  remain  in  the  ftrainer ;  and 
when  tis  thus  freed  from  its  moifture, 
put  it,  by  means  of  a  wooden  fpatula,  in- 
to a  fmiiU  new  pot ;  pour  upon  it  two  or 
three  ounces  of  fpirit  of  fait,  and  there 
will  immediately  ariie  a  moft  beautiful 
Uuc.  Let  tlie  matter  be  well  ftirr'd,  and 
fet  to  reft  for  a  night ;  and  afterwards 
thoroughly  edulcorate  it  with  repeated 
affufions  of  rain-water;  allowing  a  com- 
petent time  for  the  ]^ecipitate  to  fub- 
tde.  Thus,  at  length,  u  wul  become  ez- 

VoL.  n. 


quifitely  blue.  Lafily,  let  it  drain  upon 
the  linen  ftrainer,  and  dry  it  eently  for 
ufe.  The  fuccefi  of  this  proceis  pretLtlj 
depends  upon  the  calcination.  The  cru- 
cible is  6rft  to  be  furr«unded  with  coals^ 
that  it  may  grow  gradaally  hot,  and  the 
matter  leiiurely  flame  and  glow.  This  do* 

free  of  heaf  muft  be  continued  till  the 
ame  and  glowing  decreafe  :  then  the 
fire  Ifaould  again  be  raifcd,  that  the  mat* 
ter  may  glow  with  an  exceeding  white 
heat;  ana  but  little  flame  anpear  above  the 
crucible.  The  lixivia  muft  be  vehement- 
ly hot;  and  ought  to  be  mix*d  together  in 
an   inftant«    See  Pbihf.  Dranfag.  IH^  i^u 

p.ij M. 
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Physics,  have  faid,  whitens  the  leaves  of  rofes,  yet  the  oil  of  fulphur  fer  eampananfy 
^fkX^T^J  powerfully  heightens  the  tinfture  of  red  rofes,  and  maies  it  more  red  and 
vivid;  as  we  have  eafily  try*d,  by  putting  fome  red  rofe-leaves,  that  ha- 
ving been  long  dry 'd,  had  loft  much  of  their  colour,  into  a  vial  of  fair  wa- 
ter :   for  a  while  after  the  affiifion  of  a  convenient  quantity  of  the  oil, 
both  the  leaves  themfelves,  and  the  water  they  were  fteep'd  in,  difcover'd 
a  very  frefli  and  lovely  red  colour. 
ifte  pin^     *4'  ^^  "^^y  ^J*ve  to  illuftrate  not  only  the  do£b:ine  of  pigments,  and  of 
tf  ijtiajSpivr colours,  but  many  other  parts  of  mechanical  philofophy,   as  odors,  and 
Z^j^  *^  other  qualities  are  explain  d  by  the  affiftance  kA  bodies  extremely  minute, 
to  examine  to  how  much  of  a  colourleis  liquor,  a  very  fmall  parcel  of  a  pig- 
ment may  impart  a  difcernible  colour.      And  tho*  fcarce  any  thing  or  ex- 
a£lnefs  can  be  expefted  from  fuch  trials,  yet  I  preium'd  I  fhou\i  hence  be 
,    able  to  Ihew  a  much  further  fubdivifion  or  the  parts  of  matter  into  vifible 
particles,  than  ieems  hitherto  taken  notice  of,  or  imagined. 

The  moft  promifing  bodies,  for  fuch  a  purpofe,  might  feem  to  be  metals^ 
eipecially  gold,  becau%  of  the  multitude  and  minutenefs  of  its  parts,  which 
might  be  aimied  £rom  the  great  dofenefs  of  its  texture.  But  tho'  we  tr/d 
ft  l^ution  of  gold,  made  in  Ajua  regia  firft,  and  then  in  fair  water,  yet  be- 
caufe  we  were  to  determine  the  pigment  we  employed,  not  by  bulk,  but 
weight ;  and  becaufe  alfb  the  colour  of  gold  is  but  weak,  in  comparifbn  of 
that  of  cochineal,  we  rather  choie  this  to  make  our  experiments  with. 
But,  from  a  number  of  thefe,  it  may  fuffice  to  feleft  one  which  was  care- 
fully made  in  veflfels  conveniently  IhapM ;  to  which  I  Ihall  only  premife,  that 
the  cochineal  will  be  better  diflblv'd,  and  have  its  colour  far  ihoreheightenM 
bv  fpirit  of  urine,  than  by  common  water,  or  even  reftified  fpirit  of  wine. 
One  grain  of  cochineal,  diflblved  in  a  confiderable  quantity  of  Ipirit  of 
urine,  and  then  further  diluted  by  degrees  with  fair  water,  imparted  a 
difcernible  colour  to  fix  glaifes  of  water,  each  containing  forty-three  oun- 
ces and  a  half;  which  amounts  to  above  one  hundred  twenty-nve  thoufand 
times  its  weight. 
Ani»  mOtsimh.  ^5-  It  may  afford  a  confiderable  hint  towards  improving  the  art  of  dy-- 
«MMf  mrmmt  ing,  to  know  what  change  of  colours  are  producible  by  the  three  le- 
|j3J^/*3^J^veral  forts  of  falts  we  have  mentioned,  in  the  juices,  decoctions,  infufions^ 
•^  ^  and  the  more  foluble  parts  of  v^etables.  The  blue  liquors  lately  made 
ufe  of  in  our  experiments,  are  far  from  being  the  only  vegetable  fubftan- 
ces  upon  which,  acid,  urinous,  and  alkaline  falts,  have  the  like  operations  to 
thofe  above  recited.  Ripe  privet -berries,  for  inftance,  being  crufh'd  upon 
white  paper,  tho*  they  ftain  it  with  apurplifli  colour,  yet  if  we  let  fall  on  one 
part  of  It,  two  or  three  drops  of  Ipirit  of  fait,  and  on  the  other,  fome 
ftrong  folurion  of  pot-aihes,  the  former  liquor  immediately  turns  that  part 
of  the  thick  juice,  or  pulp,  on  which  it  fell,  into  a  k)vely  red ;  and  the  latter 
changes  the  part  whereon  it  falls,  into  a  deligbtfulgreen.  TWs  ej^eriment 
is,  perhaps,  very  extenfive,  and  ferviceable  to  thofe  who  wou*d  know  how 
dyin^  fhififs  may  be  wrought  upon  by  faline  liquors*    For  I  have  found  it 

to  fucceed  in  fo  mapy  various  benie$j  flowerSi  hMhms,  and  other  finer 
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parts  of  r^etables^  that  my  memory  will  not  ferve  me  to  enumerate  them ;  PHTsicf  •' 
and  it  is/urprizing  to  fee^  by  what  differently  cdourM  flowers  or  bloffoms; ' 
for  example^  paper  being  ftain'd»  may^  by  an  acid  fpirit^  be  immedi- 
ately turn'd  x^d,  and  by  any  alkali,  or  urinous  fi)irit,  green ;  fo  that  even 
the  Druis'dbloflbmsofAiifx^roii,  gathered  in  frofty  weather,  and  thoib 
<^  peafe  crufli'd  upon  white  paper,  how  remote  foever  their  colours  are 
£rom  green,  wou'd  in  a  moment  pais  into  a  deep  degree  of  that  colour^ 
upon  the  touch  of  an  alkaline  liquor.  And  either  of  thefe  new  pigments 
may,  by  a  fufficient  afifufion  of  a  contrary  liquor,  be  orefently  chang  d  from 
red  to  s^een,  and  from  green  to  red ;  which  obiervation  holds  alfo  in 
fyrup  of  violets,  the  juice  of  blue-bottles,  &c. 

26.  There  are,  however,  fome  cafes  wherein  thefe  experiments  will  not 
uniformly  fucceed.  And  firft,  I  try'd  the  operation  of  acid  falts  upon  fuch 
vegetable  fubftances  as  are  in  their  own  nature  red  ;  as  fyrup  a£  dove* 
july-flowers,  the  clear  exprefs'd  juice  of  buckthorn-berries,  red-rofes,in£u* 
fion  of  brazil,  and  many  others ;  on  fome  of  which,  fpirit  of  fait  either  made 
no  confiderable  change,  or  only  alter'd  the  colour  from  a  darker  to  a  lighter 
red.  And  as  to  the  operation  of  the  other  forts  of  iklts,  upon  thefe  red 
fubftances,  I  found  it  not  very  uniform  ;  ibme  red  or  reddifli  infafions» 
as  of  rofes,  being  thereby  tumM  into  a  dirty  colour,  inclining  to  green# 
Nor  was  the  fyrup  of  dovc-july-flowers  turn  a  by  thefolution  of  pot-aflies, 
Co  a  much  better,  tho^  a  ibmewhat  greener  colour.  Another  ibrt  of  red 
infufion  was  by  an  alkali  not  tumM  into  a  green,  but  advanced  to  a. 
crimfon ;  tho'  there  were  other  kinds  of  them,  particularly  the  juice  of 
buckthorn-berries,  that  readily  pafs'd  into  a  lovely  green. 

27.  Among  other  v^ubles,  which  feemM  Irkely  to  afibrd  exceptions 
to  the  general  obfervadon  about  the  diderent  changes  of  colours,  pro« 
ducedby  acid  and  flilphureous  falts,  we  made  trial  upon  the  flowers  of  jefle^* 
min ;  they  being  both  white,  as  to  colour,  and  eftecm*d  of  a  more  oily 
nature  than  other  flowers.  Taking,  therefore,  only  the  white  parts  of  tte 
flowers,  and  rubbing  them  fomewhat  hard  with  my  Anger,  upon  a  piece 
of  clean  paper,  it  appeared  very  little  difcobur'd  thereby;  nor  had  ipirit 
of  fait,  wherewith  I  moiften'd  one  part  of  it,  any  confiderable  operadon 
thereon :  tho^  fpirit  of  urine,  and,  pardcularly,  a  fbx>ng  alkaline  folutiona 
immediately  tum'd  the  paper,  tho*  it  had  remained  ahnoft  colourlefs,  -of  a 
deep  ereenifli  yellow  ;  which  experiment  I  feveral  times  repeated  with  the 
like  fuccefs.  But  a  great  degree  of  undhioufiiefs  feems  unnecef&ry  to  the 
^roduftion  of  thefe  effefts ;  for  when  we  try'd  the  experiment  with  the 
leaves  of  thofe  pure  white  flowers  that  appear  about  t!he  end  of  winter, 
And  are  commonly  called  fnow-drops,  the  event  was  much  the  feme  with 
the  laft  mentionM. 

28.  Another  fort  ofinftances,  to  fhew  how  much  the  changes  of  colour^ 
tSe&ed  by  falts,  depend  upon  the  particular  texture  dE  the  colour'd  bo- 
dies, wc  have  from  feveral  yellow  flowers,  and  other  vegetables,  as 
marygpld-leaves,  primrofes,  frefli  madder,  &c.  For  thefe  being  rubb*d 
iipon  white  paper^  till  they  imbued  it  with  their  colour^  I  cou'd  not  find. 
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Physics,  by  the  addition  of  alkaline  liquors,  or  of  an  urinous  fpirit,  that  they  would 
turn  either  green  or  red  ;  even  the  Ipirit  of  fait  would  not  confiderably  al- 
ter their  colour,  onlv  dilute  it  a  little :  tho*,  in  Ibme  early  primrofes,  it 
deftroy'd  the  greateft  part  of  the  colour,  and  made  the  paper  almoft  white 
again.  Madder,  alfo,  afibrded  ibmething  peculiar ;  ior  having  gathered 
fome  roots  of  it,  whilft  its  yellow  juice  was  fiefli  exprefs'd  upon  white 
paper,  an  alkaline  folution  being  dropped  upon  it,  turn  d  it  neither  green 
nor  white,  but  red ;  and  the  bruis'd  madder  it  felf,  drench'd  with  the 
like  alkaline  folution,  exchangM  its  yellownefs  for  a  rednefs. 

29.  It  may  be  of  ufe,  towards  difcovering  the  nature  of  the  changes 
which  the  alimental  juices  undergo  in  different  vegetables,  in  thdr  diffe- 
rent degrees  of  maturity,  to  obferve  what  operation  add,  urinous,  and 
alkaline  ialts  will  have  upon  thofe  juices.  To  (hew  my  meaning  by  an 
example,  I  took  from  the  fame  clufter  one  black-berry  full  ripe,  and  ano- 
ther that  had  not  yet  out-grown  its  rednefs ;  ana  rubbing  a  piece  of 
white  oaper  with  the  former,  I  obferved,  that  the  juice  adhering  to  it^ 
was  01  a  dark  reddifh  colour,  full  of  little  black  fpecks ;  and  tlut  this 
juice,  by  a  drop  of  a  ftrong  Uxivium,  would  immediately  turn  into  a  deep 
greeniih  colour ;  by  as  much  urinous  fpirit,  into  a  colour  near  allied  to 
the  former,  tho'  funter ;  and  by  a  drop  of  fpirit  of  fait,  into  a  fine  light 
red:  but  the  red  berry,  rubbed  in  like  manner  upon  paper,  left^  on  it  a 
red  colour,  which  was  very  little  altered  by  the  fame  acid  fpirit ;  and 
from  the  urinous  and  lixiviate  ialts,  received  changes  of  colour,  di^rent 
from  thofe  produced  in  the  dark  juice  of  the  ripe  black-berry. 

I  remember  alfo,  that  tho*  the  in&fion  of  damask  roles  would  be 
heightened  by  acid  fpirits,  to  an  intenfe  degree  of  rednefs,  and,  by  lix- 
iviate falts,  be  brought  to  a  darkifh  green ;  yet  putting  a  rofe,  whofe  leaves 
were  perfcftly  yellow,  in  a  folution  of  fait  of  tartar,  it  afforded  a  green 
bluiih  tinfture ;  but,  by  means  of  an  acid  liquor,  I  could  not  obtain  a  red 
one ;  the  faline  fpirit  I  employ M,  only  a  little  diluting  the  yellownefs  of  the 
leaves.  And  if  I  were  in  the  iflands  of  Banda^  wnere  cloves  fo  greatly 
profper,  I  fhould  try  what  operation  our  three  differing  kinds  of  falts 
would  have  upon  the  juice  of  this  fpice ;  whidi  eminent  authors  inform  us 
is  atfirfl  white,  afterwards  green,  and  then  reddifh,  before  'tis  beaten  off 
the  tree ;  after  which,  being  dry'd,  it  grotvs  blackifh,  as  we  fee  it.  And 
one  of  the  latefl  botanic  writers  informs  us,  that  the  flower  grows  upon 
the  top  of  the  clove  itfelf,  confifling  of  fmall  leaves,  like  a  cherry  blollom, 
but  ofan  excellent  blue. 

*Tis  very  proper  to  take  notice  of  the  particular  feafons  wherein  the  ve- 
getables, deligned  for  the  nicer  experiments,  are  gathered.    That  diligent 
botanifk,  Mr.  Parkin/on,  tells  us,  that  *'  of  buckthorn-berries  are  made  three 
"  feveral  forts  of  colours ;  being  gathered  green,  and  kept  dry,  they  are 
call'd  fap-berries ;  which  being  fteep'd  in  alum-water,  give  a  fair  yellow 
colour,  ufed  by  painters,  bool-binders,  and  leather-dreflTers,  who  alfo 
make  a  green  colour,  called  fap-grecn,  taken  from  the  berries,  when 

?  they  are  black  i  that  being  bruif^j  and  put  into  a  brafs  kettle,  and 
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^  there  fuffered  to  remain  for  three  or  four  days,  with  fomc  beaten  alum  Physics. 
•*  put  to  them,  they  are  afterwards  prefled,  and  the  liquor  ufually  put  into  K^^T^^ 
"  bladders,  and  hung  up  till  it  be  dry :  this,  he  fays,  is  afterwards  oiiTolved 
"  in  water,  or  wine,  but  canary  is  the  beft  to  preferve  the  colour  from 
"  ftarving.  The  third  is  a  purplifh  colour,  made  of  the  berries,  fuffered 
"  to  grow  upon  the  bulhes,  tiU  the  middle,  or  end  of  November^  when 
**  they  are  ready  to  fall  of  themfelves/'  And  I  try'd,  with  fuccefs,  to 
make  fuch  a  kind  of  piement  as  painters  call  fap-green,  by  a  way  not  un- 
like that  here  delivered  by  our  author.  Much  after  the  fame  manner,  alfb^ 
they  make  fap-^een  in  the  colour-ihops. 

JO.  Many  bodies,  dieefted  in  well-clofed  vefTels,  change  their  colour  in cftm^ffulbi 
traft  of  time,  as  reftify\l  fpirit  of  hartVhom ;  and  the  feme  is  evident  in^igj^  J* 
the  precipitations  of  amalgams  of  gold  and  mercury,  without  addition ;  tOtiiu 
where,  by  the  continuance  of  a  due  heat,  the  filver-<x)loured  amalgam 
is  reduced  into  a  fhining  red  powder.    And  many  other  inftances  of  the 
lUce  kind,  might  be  producea.    Now,  in  thele  operations,  there  appears 
no  reafbn  why  we  mould  attribute  the  new  colours  to  the  action  of  a 
new  fubftantial  form;  nor  to  any  increaie,  or  decreafe  of  the  fait,  ful- 
phur,   or  mercury  of  the  matter  that  acquires  them.     For  the  veffeisf  * 
are  clofed,  and  thefe  principles,  according  to  the  chymifis,   are  ingene- 
rable,  and  incorruptible.    ^  that  the  efTeA  feemsto  proceed  from  the 
heat,  a^tating  and  difcompofing  the  cotpufcles  of  the  body  expofed  to  it ; 
which,  m  prooefs  of  time,  io  changes  its  texture,  that  the  tranipofed  parts 
modify  the  incident  light,  otherwue  than  when  the  matter  appeared  of 
another  colour. 

3 1 .  Among  the  feveral  changes  of  colour  which  bodies  acquire,  or  cUf- 
dole,  by  digemon,  it  is  very  remarkable,  that  chymifh  find  a  rednefs,  ra- 
ther than  any  other  colour,  in  mofl  of  the  tinftures  they  draw ;  and  even 
in  the  more  grofs  folutions  they  make,  of  almoll  all  concretes  that  abound 
either  with  mineral  or  vegetable  fulphur  i  tho'  the  menfbruum  employed 
about  thefe  folutrons,  or  tindhires,  be  never  fb  limpid.  This  we  have 
obferved  in  abundance  of  tinftures,  drawn  with  fpirit  of  wine  from  jalap, 
guaiacum,  and  many  other  vegetables ;  and  not  only  in  the  folutions  of 
amber,  benjamin,  tXc.  made  with  the  fame  menflruum ;  but  alfb  in  fe- 
veral mmeral  tindhires.  And,  not  to  urge  that  familiar  inftance  of  the 
ruby  of  ful|>hur,  as  chymifts  call  the  folution  of  flowers  of  brimftone,  made 
with  the  fpirit  of  turpentine ;  nor  to  take  notice  of  other  more  known 
examples  of  the  aptiiefs  of  chymical  oils  to  produce  a  red  colour  with  the 
fulphur  they  extract  or  diiTolve ;  'tis  remarkabk,  that  both  acid  and  alka- 
line falts,  tho',  in  moft  other  cafes,  of  contrary  operations,  will,  with 
many  bodies  that  abound  in  fulphureons,  or  oily  parts,  produce  a  red; 
as  is  manifefi:  in  the  vulgar  inftances  of  the  tinctures,  or  folutions  of 
fulphur,  made  with  lixiviums,  either  of  calcined  tartar,  or  pot-aihes^ 
and  other  obvious  examples ;  and  in  that  the  true  glafs  of  antimony, 
extraded  with  feme  acia  fpirits,  yields  a  red  tinfture.  And  a  certain 
acid  liquor  will,    in  a  moment,   turn  oil  of  turpentine  into  a  deep 
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Physics,   red^.    Among  the  many  inftances  I  could  produce  of  the  eafy  produdtion 
^^  f  kA  redneis,  by  the  operation  of  a  faline  fpinti  as  well  as  of  fpirit  of  wine, 
two  or  three  of  them  delerve  to  be  particularly  mentioned. 

32.  But,  before  I  fet  them  down,  'tis  proper  to  premiie,  that  there 
feems  to  be  a  manifeft  difparity  betwixt  red  liquors;  for  fome  of  them 
may  be  faid  to  have  a  genume  rednefs,  in  comparifon  of  others  that  have 
it  yellowiffa.  Thus  if  a  good  tinAure  of  cochineal  be  diluted  never  fb 
much  with  &ir  water,  it  will  not  become  a  yellow  liquor.  But  balfam 
of  fulphur,  tho'  in  a  large  auandty,  it  appear  to  be  oTa  deep  red ;  yet  if 
you  (hake  the  containing  ^lafs,  or  pour  a  few  drops  on  a  Iheet  of  white 
paper,  fpreading  them  on  it  with  your  finger,  what  falls  back  along  the 
fides  of  the  glafs,  or  ftains  the  paper,  will  appear  yellow.  And  there  are 
many  tinctures,  fuch  as  that  01  amber,  made  with  fpitit  of  wine,  which 
will  appear  either  yellow  or  red,  according  as  the  veUels  that  contain  them 
are  (lender  or  broad. 

3  3 .  To  come  now  to  the  experiments  we  defigned.  Firft,  oil  or  fpirit 
of  turpentine,  tho'  clear  as  £iir  water,  being  digefted  upon  the  pure  white 
fugar  of  lead,  has,  in  a  fhort  time,  affi)rded  us  a  high  red  tindture  i  pro* 
bably  a  good  medicine. 

34.  Secondly,  take  common  biimflone,  and  fal-armoniac,  of  each,  fine- 
ly powdered,  five  ounces ;  of  beaten  quick-lime,  fix  ounces :  mix  thefe 
powders  exquifitely,  and  diflil  them  in  a  retort,  placed  in  fand,  by  degrees 
of  fire ;  giving,  at  length,  as  intenfe  an  heat  as  you  can  in  fand ;  and  there 
will  come  over  a  volatile  tinfture  of  fulphur,which  alfo  may  prove  an  excel- 
lent medicine.  Now,  tho*  none  of  the  ingredients  here  be  red,  the  diftilled 
liquor  is  of  that  colour ;  and,  if  it  be  well  drawn,  will,  upon  a  little  agitation 
ofthe  vial,  firfl  unftopped,  fend  out  a  great  white  fume,  which  fometimes 
fpreads  wide,  and  is  very  oflfenfive :  and  tho'  the  liquor  itfelf  be  red,  and 
its  fumes  white ;  yet  it  will  dye  the  fingers  black. 

35.  The  lafl  experiment,  I  fhall  now  produce,  to  fhew  how  apt  bodies, 
abounding  in  fulpnureous  parts,  are  to  aflbrd  a  red  colour,  is  one  whereia 
the  operation  of  a  clear  faline  fpirit  upon  a  white,  or  whitifti  body,  may 
produce  a  rednefs  in  the  twinkling  of  an  eye.  We  took  then,  a  little  eflen- 
tial  oil  of  anifeeds  congealed,  and  fpread  it  with  a  knife  upon  a  piece  of  white 
paper ;  when  mixing  with  it  a  drop  or  two  of  well  rectified  oil  of  vitriol, 
there  immediately  emerged,  with  fome  heat  and  fmoke,  a  blood-red  co- 
lour. 


*  Mr*  CoUs  foandi  that  a  certain  fulphu- 
Teous  ^rit,  mixed  with  a  volatile  alKali, 

g'm  a  jpred  colour  in  a  moment.  This 
.  irit  he  made,  by  diftilling  two  or  three 
pound  of  benjamin  with  a  little  land,  in 
a  retort,  md  fccHatem  ;  and  putting  the 
oil,  Ipirit,  and  flowcn  together  in  a  filtre 
of  pq)er,  when  the  Ipirit  came  6rft 
thorough.  Put  two  parts  of  this  fpirit  to 
4iDe  of  ipirit  of  lal^rmoniaC|  and  Ihake 


the  containbg  glaft,  and  the  liquor  will 
inftantly  turn  red ;  tho*  they  both  were 
clear  before.  The  more  tne  veflel  is 
ihqok,  the  deeper  will  be  the  red.  And 
this  eSeS  is  produced  without  any  effer* 
vefcence ;  whence  the  inventor  conceives 
the  experiment  may  be  of  ufe  in  ac- 
counting for  fangui&ation.  PMrf^  Tranf* 
M^  aaS.  p.  i^ 

S6.  Let 


ttpon  Colours.  79 

.    3  tf .  Let  it  be  here  obferved,  once  for  all^  that,  in  many  of  thefe  experi-  PRrsict. 
ments  the  colour  produced  is  often  very  fubjeft  to  degenerate.   However,  V/V^^ 
fince  the  changes  we  have  fet  down  happen  prefently  upon  the  operation  of  ^  I^KSmn. 
the  bodies  on  each  other,  or  at  the  times  fpecified ;  that  is  fufficient  to  Ihew 
what  we  intend.    For  it  is  not  elTential  to  the  genuinenefs  of  a  colour  to 
be  durable ;  a  £iding  leaf,  that  is  ready  to  rot  and  moulder  into  duft,  may 
have  as  true  a  yellow  as  a  wedge  of  gold.    And  I  have  feveral  times  ob-- 
ierved,  that  the  mixture  made  by  the  oils  of  vitriol,  and  of  anileeds,  tho' 
it  acquire  a  thicker  coniiftence  than  either  of  the  ingredients,  quickly  loies 
its  colour,  and  turns  to  a  dark  ^rey ;  at  leaft  in  the  fuperficial  parts^ 
where  Ms  ei^fed  to  the  air.    This  degeneration  of  colours  may,  in  many 
cafes,  indeed,  proceed  from  the  further  aftion  of  the  faline  corpuicles,  and 
other  ingredients  upon  one  another ;   yet  much  of  the  fudden  clutnge 
may  often  be  afcribed  to  the  air.    Thus  we  have  fometimes  obferved 
window- curtains  of  a  light  colour,  to  have  that  part  of  them  which 
was  expofed  to  the  air,  when  the  window  ftood  open,  of  one  hue ;  and 
the  lower  part,  that  was  fcreen*d  from  the  air  by  the  wall,  of  another 
colour.    And  Parkinfon  {ays,  of  the  plant  tumfol,  that  ^^  its  berries,  when 
''  full  ripe,  have  within  them,  between  the  outward  skin  and  the  inward 
kernel,  a  certain  juice,  which  rubbed  upon  paper  or  cloth,  at  the 
firft  appears  of  a  wsSci  lovely  green,  but  prefently  changes  into  a  kind 
of  bluifli  purple.    He  adds,  that  the  fame  cloth,  afterwards  wet  in 
water,  and  wrung  out,  will  turn  the  water  into  a  claret-colour.    And 
thefe  rags  of  cloth,  fays  he,  are  thofe  ufually  call'd  tumfol  in  the  drug- 
gifts  fhops.'*    I  alfo  remember,  that  letting  fome  of  the  deep  red  juice 
of  buckthom-berries  drop  upon  a  piece  of  white  paper,  and  leaving  it 
there  for  many  hours,  riU  the  paper  was  grown  dry  again  ;  I  found  the 
juice  degenerated  to  a  dirty  kind  of  grejdfh  colour ;  which,  in  a  great  part 
of  the  ftain'd  paper,  feem'd  not  to  have  fb  much  as  an  eye  of  red :  tho*  a 
little  fpirit  ot  fait,  or  diifolved  alkali,  would  turn  this  unpleafant  colour 
into  a  red  or  green.    And,  to  &tisfy  myfelf  that  this  oegeneration  of 
colour  did  not  proceed  from  the  paper,  I  droppM  fome  of  the  fame  juice 
upon  a  white  glazed  tile ;  and,  permitting  it  to  dry  thereon,  I  found  it  thea 
alfo  loft  its  ccMour. 

Having  diflblved  good  filver  \nAquafartis,  and  precipitated  it  with 
Ipirit  of  lak,  upon  nrft  decanting^  the  liquor,  the  remaimng  matter  was 
purely  whitje^  put,  after  it  had  lain  a  while  uncovered,  the  part  of  it  that 
lay  contiguous  to  the  air,  not  only  loft  its  whitenefs,  but  appeared  of  a 
very  dark,  and  almoft  blackifli  colour ;  but  if  the  part  that  was  contiguous 
to  the  air,  were  gently  taken  off,  the  fubjacent  part  of  the  fame  nuds 
would  appear  very  wtite ;  till  that  alfo>  having  continued  a  while  txpoCcd 
to  the  air,  would  likewife  degenerate.  Whether  the  air  produce  this  ef- 
fcft  by  the  means  of  a  fubtile  fait,  by  a  penetrating  moifture,  by  Iblliciting 
the  avolation  of  certain  parts  of  the  bodies  to  which  'tis  contiguous,  or  by 
fome  other  way,  I  leave  to  be  further  confidered.  Twere  eafy  here  to 
add  xnany  other  inftances  of  rednefs^  refulting  from  the  digeftion  of  bodies. 
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8o  Experiments  and  Oifeimjations 

Physics.  I  have  often  feen,  upon  the  borders  of  France^  a  fort  of  pear,  which,  di- 

X^^T^KJ  gefted  with  a  little  wine  in  a  veflel  exaftly  clofed,  will  fbon  appear 
throughout  of  a  deep  red  colour.  Nay,  even  pure  white  fait  of  tartar, 
and  limpid  fpirit  of  wine,  will,  by  long  digeftion,  acquire  a  rednefs.  Some 
other  obvious,  changes  of  colours  frequently  happen ;  fuch  as  is  the  black- 
nefs  of  bodies  burned  in  the  open  air,  &c.  But  I  (hall  not  at  prelent  ex- 
.  amine  into  the  caufes  of  tliefe  changes ;  tho*  certainly  the  reafon  why  the 
foots  of  di£ferent  bodies  are  almoll  all  of  them  black ;  why  fo  much  the 
greater  part  of  vegetables  fliould  be  rather  green  than  of  any  other  colour ; 
and,  particularly,  why  gentle  heat,  fo  frequently,  in  chymical  operations, 
produces  rather  a  rednefs,  than  another  colour  in  cUgefted  menftrua, 
may  very  well  deferve  a  fcrious  inquiry. 

2^&2i3^*fj  37-  It  may  feem  ftrange,  that  if  the  crimfon  fblution  of  cochineal,  the 
'X^ttbffiU  •/juice  of  black-cherries,  or  of  fome  other  v^tables  chat  afford  the  like 
tS!t^  '•*^*"  colour ,  be  let  fall  upon  a  piece  of  paper ;  a  drop  or  two  of  an  acid  fpirit, 

fuch  as  fpirit  of  fait,  or  Aquafortis,  will  immediately  turn  it  into  a  fair 
red ;  whilft  an  infiifion  of  brazil,  in  fair  water,  will  have  its  rednels  de- 
ftroy'd  by  a  little  fpirit  of  fait,  or  Aquafortis;  and  be  turn'd  either 
yellow  or  pale.  But  if  we  confider  the  cafe  attentively,  the  a&ion  of  the 
ftcid  fpirit  feems,  in  both  thefe  experiments,  only  to  weaken  the  colour  of 
die  liquor  wherein  it  falls  ;  and  fo  tho'  it  deftroys  rednefs  in  the  tinfture 
of  brazil,  but  produce  it  in  the  tindhire  of  cochineal,  its  operations  may  be 
itili  uniform :  (ince  as  crimfon  is  little  elfe  than  a  very  deep  red,  with  per- 
haps an  eye  of  blue ;  fo  fome  kind  of  reds  feem  to  be  little  elfe  than 
hei^htned  ^Uow  ;  and  confequently  in  ftch  bodies  the  yellow  feems  to 
be  but  a  diluted  red.  And  accordingly,  alkaline  fblutions,  and  urinous 
fpirits,  which  feem  difpos'd  to  deepen  the  colours  of  moft  vegetable  li- 
quors, will  not  only  reftore  the  fblution  of  cochineal,  and  the  infufion  of 
brazil  to  the  crimfon,  from  which  the  fpirit  of  fait  had  changed  them  into 
a  truer  red ;  but  will  alfo  heighten  the  yellow  juice  of  madder  into  red, 
and  advance  the  red  infufion  of  brazil  to  a  crimfon.  But  perhaps  it  will 
b^  much  fa&r  to  derive  thefe  changes  from  the  varyM  texture,  than  from 
the  peculiar  kinds  of  bodies. 

&  mhm  4     30.  It  might  greatly  contribute  to  the  hiflory  of  colours,  if  chymifts. 

Si  iNiJ^dt  ^^^  ^^  ^^  *  faithful  account  of  thofe  to  be  obferved  in  die  fleams  of  bo- 


jaRpMigw  dies,  fuolimed,  or  diftilled,  and  of  the  productions  made  by  the  coaUtion  of 
^2^^221  thofc  fteams.  Thus,  for  inftance,we  find  in  diftilling  pure  falt-peter,that  at  a 
certain  junAure  of  the  operation,  the  body,  tho  it  feem  either  cryfbil- 
fine,  or  white,  a£Rirds  very  red  fumes;  whilft  tho'  vitriol  be  either  green  or 
blue,  its  (pint  comes  over  in  whitiih  vapours.  The  like  colour  I  have  found 
in  the  fumes  of  feveral  other  concretes,  of  different  colours  and  natures  ; 
efpedally  when  diftiU'd  with  ftrong  fires.  And  even  foot,  as  black  as  it 
is,  has  fill'd  our  receivers  with  white  fumes.  No  lefs  obfervable  may 
die  difliU'd  liquors  be^  into  which  fuch  fumes  convene  :  for  tho',  by  skill 
and  care,  a  reddiih  liquor  is  attainable  from  nitre,  yet  the  common  fpirit 
of  it^  in  the  preparation  whereof  abundanocj  of  thefe  red  fumea  pafs 

over 
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wcr  into  the  receiver,  has  no  appearance  of  red.  Neither  the  (pint  of  Physics. 
vitriol,  nor  of  foot,  is  white ;  and  the  enipyreumatical  oils  of  wookIs,  and  ^XY^/ 
other  concretes,  are  either  of  a  deep  reel,  or  of  a  colour  between  red 
and  black.  But  'tis  very  remarkable,  that  notwithftanding  the  great  va- 
riety of  colours,  to  be  met  with  in  herbs,  flowers,  and  other  bodies  ufually 
diftill'd  in  Balneo;  yet  all  the  waters  and  fpirits  that  firft  come  over  by  that 
way  of  diftillation,  leave  the  colours  of  the  concretes  behind  them  ;  tho\ 
indeed,  there  are  one  or  two  vegetables,  not  commonly  taken  notice  of, 
whofe  diftill'd  liquors  carry  over  the  tinfture  of  the  concrete  with  them. 
And  as  in  djftillation,  fb  in  fublimation,  it  were  worth  while  to  take  no- 
tice of  what  happens  to  our  purpofe,  by  performing  that  operation  in 
conveniently  fhap  d  glaffes,  wherem  the  colour  of  the  afcending  fumes 
may  be  difcern'd  ;  for  it  might  a£ford  a  naturalift  good  information,  to  ob-* 
ferve    the  agreements,  or  diflferences  betwixt  the  colours  of  the  afcend-  ' 

ing  fumes,  and  thofe  of  the  flowers  they  compofc  by  their  convention.    It 
is  evident,  that  thefe  flowers  do,  many  of  them,  greatly  differ  in  point  of  | 

colour,  not  only  from  one  another,  but  often  from  the  concretes  that  af- 
ford them.  Thus,  tho'  camphire  and  brimftone  a£ford  flowers  much  of  their 
refpeftive  colours,  except  that  thofe  of  brimftone  are  a  little  paler  than  the 
lumps  that  yielded  them ;  yet  the  flowers  of  red  benjamin  are  either  white» 
or  whitifli.  And,  to  omit  other  inftances,  even  that  black  mineral,  anti-- 
mony,  may  be  made  to  afford  flowers,  fome  of  them  red,  others  grey, 
and  which  is  more  ftrange,  fome  of  them  purely  white.  And  glafs- 
men,  by  exquifitely  mixing  a  convenient  proportion  of  brimftone,  fal- 
armoniac,  and  quick-filver,  and  fubliming  them  together,  make  a  fubli- 
mate  of  an  excellent  blue.  And  tho',  upon  making  this  experiment,  we 
found  the  fublimate  to  be  far  from  a  lovely  colour,  yet,  in  lome  parts,  it 
feemM  bluifb,  and  was,  at  leaft,  of  a  colour  very  different  from  either 
of  the  ingredients;  which  is  fuflicient  for  our  prefent  purpofe.  But 
a  much  finer  colour  is  promised  by  fome  empirics,  who  teU  us,  that 
orpiment  fublim'd,  will  afford,  among  the  parts  of  it  that  fly  upwards^ 
fome  little  maffes,  which,  tho'  the  mineral  it  felf  be  of  a  good  yellow,  will 
be  red  enough  to  emulate  rubies,  both  in  colour  and  tranfparency.  This 
experiment  may,  for  ought  I  know,  fometimes  fucceed  ;  for  I  remember, 
that  having  in  a  fmaU  bolt-head,  purpofcly  fublim*d  fome  powder'd  or- 
piment, we  could,  in  the  lower  part  of  the  fublimate,  difcern,  here  and 
there,  reddifli  lines  ,•  tho*  much  of  the  upper  part  of  it  confifted  of 
a  matter  not  only  purely  yellow,  but  tranfparent.  And  we  have  alfo,  by 
this  means,  obtained  a  fublimate,  which,  tho*  it  confifted  not  of  rubies, 
yet  fmall  pieces  of  its  lower  part,  that  were  numerous,  afforded  a  plea- 
iant  reddifh  fparkling  colour. 

39.  Take  the  dry^d  buds,  or  bloffoms,  of  the  pomegranate-tree,  ^^>^^^JI"^^^V\ 
monly  called  balauftins,  pull  off  the  r^dilh  leaves,  and,  by  a  gentle  ^/gJS  ^^ 
ebullition,  or  a  competent  infufion  of  them  in   fair  water,  extraft  ^  Vf  ***  ^^^^ 
faint  reddiih  tinfture,  which,  if  the  liquor  be  turbid,  you  may  clarify*^*'**** 
by  the  filtre ;  into  this,  if  you  pour  a  little  fpirit  of  urine^  or  fome  other 

y  o  L.  n.  M  fpirit. 
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Physics,  fpirit,  abounding  in  the  like  fort  of  volatile  fait,  the  mixture  will  pre- 
'  "•^^^  •  £ently  turn  of  a  dark  greenifli  colour :  but  if,  inftead  of  fuch  a  fpirit, 
you  drop  into  the  fimple  infufion,  a  little  reftify'd  fpirit  of  fea-falt,  the 
pale  liquor  will  immediately  grow  more  tranfparent,  and  acquire  a  high 
red,  like  that  of  rich  claret ;  and  this  may  as  fuddenly  be  deftroy'd,  and 
turn'd  into  a  dirty  bluifh  green,  by  the  affiifion  of  a  moderate  quantity 
of  the  fpirit  of  urine.  This  experiment  gives  light  to  two  others  that  I  met 
with  in  G^//j/^«^«/.  The  experiments  as  we  made  them,  were  thefe.  We  took 
a  dafs  of  luke-warm  water,  and  therein  immerg'da  quantity  of  the  leaveS 
oflena,  upon  which  there  apoearM  no  rednefs  in  the  water ;  but  dropping 
into  it  a  little  oil  of  tartar,  tne  liquor  foon  became  reddifli  ,•  tho'  by  a  lit- 
tle oil  of  vitriol,  fuch  a  colour  could  not  be  extrafted  from  the  infiifed 
fena.  On  the  other  hand,  we  took  fome  dryed  red  rofe-Ieaves,  and  (ha- 
king  them  in  a  glafs  of  fair  water,  they  communicated  no  rednefs  to  it ; 
but  upon  the  aftufion  of  a  little  oil  of  vitriol,  the  water  was  immediately 
tum*d  red ;  which  it  would  not  have  been,  if  inftead  of  oil  of  vitriol,  we  had 
employed  oU  of  tartar.  Our  author  tells  us,  there  was  no  rednefs  either  in 
the  water,  the  leaves  oflena,  or  the  oil  of  tartar ;  yet  we  have  found  that  by 
fteeping  fena  for  a  night  in  cold  water,  it  would  aflbrd  a  very  deep  yellow, 
or  reddifli  tinfture,  without  the  help  of  oil  of  tartar ;  which  feems  to  do 
little  more  than  affift  the  water  more  fuddenly  to  extraft  a  plenty  of  tliat 
red  tinfture  wherewith  the  leaves  of  fena  abound  :  for  having  maae  a  tin- 
fture  of  fena,  only  with  fair  water,  and  decanted  it  from  the  leaver  before 
it  grew  reddifli,  we  could  not  perceive,  by  dropping  fome  oil  of  tartar  into 
it,  that  the  colour  was  confiderable,  tho*  it  were  thereby  a  little  heightened 
into  a  rednefs.  And  the  fame  thing  may  be  alledg'd  in  the  experiment 
with  red  rofe-leaves ;  for  we  found  that  fuch  leaves,  oy  bare  infufion;  for  a 
night  and  a  day,  in  fair  water,  afforded  a  tindlure  bordering  upon  red- 
nefs ;  and  that  colour  being  confpicuous  in  the  leaves  themfelves,  feem'd 
not  wholly  produced,  but  extracted  by  the  oil  of  vitriol.  But  to  improve 
the  experiment,  take  the  tinfture  of  red  rofe-leaves,  made  with  a  little  oil 
of  vitriol,  and  a  large  (quantity  of  fair  water,  pour  off  this  liquor  into  a 
clear  vial,  half  fill'd  with  limpid  water,  till  the  water  held  againft  the 
light  hath  acquired  a  competent  rednefs,  without  lofing  its  traniparency : 
into  this  tinfture,  drop,  leifurely  a  little  fpirit  of  urine  ;  and  fliaking  the 
vial,  which  you  muft  ftiU  hold  againft  the  light,  you  will  fee  the  red  liquor 
immediately  tumM  into  a  fine  greenifli  blue  ;  a  colour  not  to  be  found  in 
any  of  the  bodies  upon  whofe  mixture  it  enfued.  And  this  change  is  the 
more  remarkable,  becaufe  tho*  the  degeneration  of  blue  into  red,  be  ufual, 
the  turning  of  red  into  blue,  is  very  unfrequent.  If,  upon  the  falling  of 
each  drop  of  Ipirit  of  urine,  you  fliake  the  vial  containing  the  red  tinftiire, 
you  may  obferve  a  pretty  variety  of  colours  in  the  parage  of  that  tinccure 
from  a  red  to  a  blue.  And  fometimes  we  have  thus  obtained  fuch  a 
liquor,  as  being  view'd  againft,  and  from  the  light,  feem*d  faintly  to  emu- 
late the  tinfture  of  Ugnum  Nephriticum.  And  if  you  make  the  tindlure  of 
rcd-rofcs  very  high,  and,  without  diluting  it  with  fair  water,  pour  on 

the 
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tliefpirit  of  urine,  you  inayh^reabluelbdeepastorendfrthcHauoropake;  PhtsicjJ 

but  if  it  be  dropped  upon  white  paoer,  the  colour  will  foon  diiclofe  itfelf.  Vi^VN^ 

Having,  alfo,  made  the  red,  and  conlequently  the  blue  tinfture  very  tranfpa- 

rent,  and  fufferM  it  to  reft  in  a  fmall  open  vial  for  a  day  or  two ;  we  found 

that  not  only  the  blue,  but  the  red  colour,  likewife,  was  vanifh'd  ,•  the  dear 

liquor  remaining  of  a  bright  amber  colour,  at  the  bottom  whereof  fubfi- 

ded  a  large,  light  feculency,  almoft  of  the  fame  colour ;  which  feems  to 

be  nothing  but  the  dn^'d  parts  of  the  rofe-leaves,  drawn  out  by  the  acid 

fpirits  of  the  oil  of  vitriol,  and  precipitated  by  the  volatile  Iklt  of  the  Ipirit 

dT  urine.    This  makes  it  the  more  probable,  that  the  rednefs  drawn  by 

the  oil  of  vitriol^  was  as  well  an  extra6Hon  of  the  tinging  parts  of  the  ro- 

Jfes,  as  a  production  rf  rednefs.    And  laftly,  the  colour  ot  the  tinfture  of 

rofes,  may  be  changed  by  many  other  fulphureous  falts  ;  as  a  ftrong  fo- 

lution  of  pot-afhes,  oil  of  tartar,  tfc.  tho*  thefe  are  feldom  fo  free  from 

feculency,  as  the  fpirit  of  urine  becomes  by  diftillation.    And  I  have  a  way 

of  producing  a  full  purple,  by  employing  a  liquor  not  made  red  artificially, 

inftead  of  the  tinihire  of  red-rofes  \  for  having  by  infufing  the  powder  of 

log-wood  for  a  while  in  fair  water,  made  that  liquor  red,  I  dropp'd  into 

it  a  little  urinous  fpirit,  as  that  of  fal-armoniac,  by  which  the  colour  was 

inftantly  turnM  into  a  rich  and  lovely  purple.    But  care  muft  be  taken 

not  to  let  fall  into  a  fpoonful  of  the  tin^re,  above  two  or  three  drops  of 

the  fpirit,  left  the  colour  become  fo  deep  as  to  make  the  liquor  opake. 

And  if  inftead  of  fair  water,  I  infiis'd  the  log-wood  in  water,  made  a  little 

four  by  the  acid  fpirit  of  lalt ;  I  obtained  neither  a  purple,  nor  a  red,  but 

only  a  yellow  liquor. 

40.  The  following  experiment  is  very  furprizin^ ;  and,  of  all  I  have 
yet  met  with,  feems  the  fitteft  to  enforce  our  doftnne  of  colours,  and  to 
Ihew  them  not  to  be  inherent  qualities,  flowing  from  the  fubftantial  forms 
of  the  bodies  whereto  they  are  faid  to  belong;  fince  by  a  bare  mechanical 
change  of  texture,  in  the  minute  parts  of  bodies,  colours  may  ,ln  a  moment,  be 
generated  cjuite  d€  novo^  and  utterly  dcftroy'd  :  for  there  is  this  difference 
betwixt  the  enfuing  experiment,  and  moft  of  the  others  we  deliver,  that  in 
this,  the  colour  of  a  body  is  not  chang'd  into  another,  but  betwat  two 
bodies,  each  of  them,  a-part,  colourlefs,  there  is,  in  a  moment,  generated 
a  very  deep  colour,  which,  if  it  were  let  alone,  would  be  permanent;  and 
yet,  by  a  veiy  fmall  parcel  of  a  third  body,  tlwt  has  no  colour  of  its  own, 
this  otherwife  permanent  colour,  will  inftantly  be  fo  utterly  deftroy'd,  as 
to  leave  not  the  leaft  fign  of  any  colour  in  the  whole  mixture.  This  expe- 
riment is  very  eafy,  and  thus  performed.  Take  good  common  fufali-^  ^^  »V 
mate,  and  fully  fatiate  with  it  what  quantity  of  water  you  pleafe,  care-  uULf^^ 
fiillv  filtre  the  fblution  thro'  clean  clofe  paper,  that  it  may  drop  down  clear  ^^'/'<^'V'^ 
ana  colourlefs  as  fountain  water.  Then,  when  you  would  Ihow  the  expe- 
riment, put  about  a  fpoonful  of  it  into  a  fmall  wine-glafs,  or  other  conve- 
nient veflel,  and  letting  fall  therein  three  or  four  drops  of  good  oil  of  tar- 
tar fer  deliquium,  well  filtred,  that  it  may  likewife  be  without  colour, 
thefe  two  limpid  liquors  will,  in  the  twinkling  oSan  eye,  torn  into  an  opake 
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Physics,  mixture  of  a  deep  orange-colour;  which,  by  continually  Ihaking  the  glafs 
l^^^f\J  in  your  hand,  vou  muft  prevent  from  fettling  too  (bon  at  the  bottom.  And 
when  the  Ipe^ators  have  view'd  this  firft  change,  prefently  drop  in  four 
or  five  drops  of  oil  of  vitriol,  and  continuing  to  make  the  glafs  pretty 
ftrongly,  that  it  may  the  fooner  diffufe  itfelf,  the  whole  colour  will  now  im- 
mediately difappear,  and  all  the  liquor  in  the  glafs  become  clear  and  colour- 
lefs,  as  before,  without  the  leaft  fediment  at  the  bottom.  But  for  the  more 
neat  performance  of  this  experiment,  obferve,  Firft,  not  to  take  too  much  of 
the  folution  of  fublimate,  nor  drop  in  too  much  of  the  oil  of  tartar,  to  avoid 
the  necefllty  of  putting  in  fo  much  oil  of  vitriol,  as  to  caufe  an  ebullition. 

Secondly,  *tis  convenient  to  keep  the  clais  conftantly  in  motion,  both 
for  the  better  mixing  of  the  liquors,  and  hinderir^,  as  we  laid,  the  yellow 
fubftance  from  fubfiding,  which  it  would  otherw^c  foon  do ;  tho*  when 
^tis  fubfided,  it  will  retain  its  colour,  and  be  deprived  of  it  by  the  oil  of 
vitrioL 

Thirdly,  if  any  yellow  matter  ftick  to  the  fides  of  the  glafs,  *tis  but 
inclining  the  veffel,  till  the  clarifyM  liquor  can  walh  along  it,  and  the  li^ 
quor  will  prefently  imbibe  it,  and  deprive  it  of  its  colour. 
^H^f^P^       My  notion  of  the  different  natures  of  the  feveral  tribes  of  fklts,  having  led 
*^^^  me  to  devife  this  experiment ;  I  can  eafily  afllgn  the  chymical  reafon  of  the- 

phenomenon.   Having  then  obferved,  that  mercury,  diffolvcd  in  fome  men- 
.  firua,  would  yield  a  dark  yellow  precipitate ;  and  fuppofing  that  common 
water,  and  the  £alts  that  ftick  to  the  mercury,  would,  in  this  refoeft,  be 
equivalent  to  thofe  acid  menftrua  which  work  upon  the  quick-nlver,  on 
account  of  their  faline  particles ;  I  fubftituted  a  folution  of  fublimate  i» 
fair  water,  inftead  of  a  folution  of  mercury  in  Aqua  fortis^  or  fpirit  of  ni- 
tre :  then,  confidering  that  what  makes  the  yellow  colour,  is  indeed  but  a 
precipitate,  obtained  by  means  of  the  oil  of  tartar,  which  generally  pre- 
cipitates metalline  bodies  corroded  by  acid  falts ;  fo  that  the  colour  in  our 
cafe  refults  from  the  coalition  of  the  mercurial  particles  with  the  faUne 
ones,  wherewith  they  were  formerly  a(Sx:iated;  and  with  the  alkaline 
particles  of  the  fait  of  tartar,  that  float  in  the  oil.  Confidering  alfo,  that  very 
many  eftefts  of  lixivious  liquors  upon  the  folutions  of  other  bodies  may  be 
deftroyed  by  acid  menftrua,  I  concluded,  that  if  I  chofe  a  very  ftrong  acid 
liquor,  which  by  its  incifive  power  might  undo  the  work  of  the  orl  of  tar- 
tar, and  difperfe  again  thole  particles  whidi  the  other  had,  by  precipita- 
tion, affociated  into  luch  minute  corpufcles  as  were,  before,  fingly  invifible, 
they  would  difappear  again^  and  confequently  leave  the  liquor  as  colour- 
lefs  as  before  the  precipitation  was  made.    This  feems  to  be  the  chymical 
reafon  of  the  experiment,  and  is  that  which  induced  me  to  make  it.    But 
to  give  a  perfect  mechanical  folution  of  the  whole  phenomenon,  is  more 
than  I  pretend  to.    However,  the  yellownefs  of  the  mercurial  folution, 
and  oil  of  tartar,  feems  produced  by  the  precipitation  occafioned  by  the 
affufion  of  the  latter ;  as  the  deftruaion  of  the  colour  oroceeds  from  the 
difEpation  of  that  curdled  matter,  whofe  textiu'e  is  aeftroy'd,  and  the 
matte;:  itfelf  diflblved  into  minute  and  Invifible  particles^  by  the  ftrong  acid 
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menftruum :  which  is  the  reafbn  why  there  remains  no  fediment  &t  the  PHYSict. 
boctorti;  the  infufed  oU  taking  it  up,  and  refolving  it  into  invifible  parts,  Vi^V^ 
as  water  difiblves  fait  or  fiigar. 

But,  to  confirm  my  con  jefture  as  to  the  chymical  reafon  of  our  experi- 
ment, I  might  add,  that  I  cannot  only  make  the  mercury  precipitate  out 
of  the  firft  ample  fblution  quite  of  a  different  colour  from  that  mentioned ; 
but  if,  inftead  of  altering  the  predpitating  liquor,  I  altered  the  texture  of 
the  fublimate  in  fuch  a  manner,  as  my  notion  about  falts  requires,  I  can 
produce  the  fame  phenomenon.  For  having  fublimed  together  equal  parts 
of  fal-armoniac,  and  fublimate,  firft  diligently  mixed,  the  afcending  flow- 
ers diiiblved  in  fair  water,  and  filtred,  gave  a  folution  limpid  and  colour- 
lefs,  like  that  of  the  other  fublimate ;  and  yet  an  alkali  dropped  into  this 
liquor,  did  not  turn  it  yellow,  but  white.  And,  upon  the  fame  founda- 
tion, we  may  with  quick-filver,  imaffifted  by  common  fublimate,  prepare 
another  fort  of  flowers  diffcluble  in  water,  without  difcolouring  it ;  which 
will  alfo  change  its  colour  in  the  fame  manner.  And  fo  much  does  the 
colour  depend  upon  the  texture  refulting  from  the  convention  of  the  feveral 
forts  of  particles,  that  tho',  in  our  experiment,  oil  of  vitriol  deftrovs  the 
yellow  colour;  yet  with  quick-filver,  and  fair  water,  by  the  help  ot  oil  of 
vitriol  alone,  we  may  eafily  make  a  kind  of  precipitate,  of  a  fair  and  per- 
manent yellow ;  as  we  mall  fee  hereafter.  I  here  make  choice  of  oil  of 
vitriol,  becaufe,  when  vrdl  reftified,  'tis  not  only  colourlefs  and  fcentlefs, 
but  extremely  ftrong  and  incifive.  And  common  Aquafortis  will  not  per- 
form the  fame  thing  fo  well. 

This  experiment  may  be  feveral  times  repeated  with  the  fame  parcels  of 
the  liquors ;  for  I  found,  that  after  I  had  clarify 'd  the  orange-coloured 
mixture,  by  the  addition  of  as  little  of  the  oil  of  vitriol  as  would  fuffice  ta 
produce  the  effeft,  I  could,  at  pleafure,  re-produce  the  opake  colour,  by 
dropping  in  frefli  oil  of  tartar;  and  ddlroy  it  again,  by  the  re-aflfufioa 
of  more  of  the  acid  menflruum :  tho*,  by  the  addition  ot  fo  much  new  li- 
quor, in  proportion  to  the  mercurial  particles,  the  coloiu:  will,  at  length^ 
appear  weak  and  faint. 

By  boiling  crude  antimony  in  a  ftrong  and  clear  lixivium,  you  may  fepa-  '^  t^^mii^ 
rate  a  fubftance  from  it,  call'd  by  fome  chymiftsj  it's  fulphur;  which,  J^T**"*  ** 
when  let  fall  by  the  liquor,  upon  its  refrigeration,  often  fettles  in  flakes  of 
a  yellow  fubftance.  Confidering  therefore,  that  common  fulphur,  boiled 
in  a  lixivium,  may  be  precipitated  out  of  it  by  Rhenijhj  or  white-wine, 
which  are  fouriih  liquors,  and  contain  an  acid  fait ;  and  having  foimd,  by 
tryal,  that  with  other  acid  liquors  I  could  precipiute  out  of  lixivious  fol- 
rents,  fome  other  mineral  concretions,  abounding  with  fulphureous  parts, 
of  which  fort  is  crude  antimony ;  I  concluded  it  eafy  to  precipitate  the  an- 
tomony,  thus  diflblved,  with  the  acid  oil  of  vitriol.  And  tho  common  ful- 
phur yields  a  white  precipitate,  called  Lac  Sulphuris ;  yet  I  fuppofed  the 
precipitated  antimony  woiJd  be  of  a  deep  yellow  colour;  as  well,  if  made 
with  oil  of  vitriol,  as  by  refrigeration,  and  length  of  time.  From  hence 
Was  eafy  to  deduce  this  experunentj  that  if  we  put  into  one  glafs  fome  of 
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Prtsics.   this  fiefli  fihred  fblution  of  antimony  j  and  into  another,  fbme  of  tho 
\g^f\J  orange-coloured  mixtui'e,  made  with  a  mercurial^  fblution,  and  oil  of  tar- 
tar ;  a  few  drops  of  oil  of  vitriol,  let  fall  into  the  latter  glafs,  would  turn 
the  deep  yellow  mixture  into  a  clear  liquor ;  whilft  a  little  of  the  fame  oi^ 
dropped  into  the  other  glafs,  prefently  turned  the  moderately  clear  folution 
into  a  deep  yellow  fubftance.  But  this  fucceeds  not  well,  unlefs  you  employ 
a  lixivium  that  has  lately  difTolved  the  antimony,  and  before  it  fuffers  it  to  fall : 
yet,  in  fummer-time,  if  the  lixivium  have  been  duly  impregnated,  and  well  fil- 
tred  after  it  is  quite  cold,  it  will  for  fome  days  retain  antimony  enough  to  ex- 
hibit, upon  the  affiiflon  of  the  corrofive  oil,  as  much  of  a  good  yellow  fubftance 
as  is  neceflary  to  fatisfy  the  fped:ators  of  the  poffibility  of  the  experiment. 
?  ^^f  ^*       *^^^  ctftinftion  of  falts  into  acid,  volatile,  and  fixed  or  alkaline,  may 
^MtrMcu]    poflRbly  be  fo  ufefiU  in  natural  philofophy,  *  as  to  render  it  an  accep- 
>•****  •'^*<^  table  corollary  of  the  preceding  experiment,   from  thence  to  deduce  a 

•tS?!'^"-*  ^^^^^  ^^  ^^}^S  which,  or  whether  any  one  of  thofe  falts  is  predomi- 
Mtr,  w  fsUm  nant  in  chymical  liquors.  We  have  already  ihewn  a  way,  by  means  of 
'*^'  the  tinfture  of  Lignum  Nephriticttm^  or  of  fyrup  of  violets,  to  difcover 

whether  a  lalt  propofed  be  acid  or  not ;  yet  we  can  thereby  only  find 
in  general,  that  particular  falts  belong  not  to  the  tribe  of  acids :  but 
cannot  determine  whether  they  belong  to  the  tribe  of  the  urinous  y  (under 
which  I  comprehend  all  thofe  volatile  falts  of  animal,  or  other  fubftances, 
that  are  contrary  to  acids)  or  to  that  of  alkalies :  for  both  thefe  falino- 
iulphureous  falts  will  reftore  the  blue  colour  to  that  tindhire,  and  turn 
the  fyrup  of  \iolets  green.  The  prefent  experiment,  therefore,  commodj- 
oufly  fupplies  this  deficiency.  I  found,  that  all  thofe  chymical  falts  I 
thought  ht  to  make  tryal  of,  would,  if  they  were  of  a  lixivious  nature, 
make,  with  fublimate  diflblved  in  fair  water,  an  orange-tawny  precipi- 
tate : 


*  About  the  nature  of  falts,  Sir7/I  Nevften 
thus  argues.  **  When  mercury  fublimate 
**  is  re-fublimed  with  frefli  mercurv,  and 
**  becomes  Mercuflms  dtthhp  whicn  is  a 
**  white  taftlefs  earth,  fcarce  diflblvable 
^  in  water ;  and  Aiercuf'tms  dmUls  re-fub- 
**  limed  with  fpirit  of  ialt|  returns  into 
^  mercury  fublimate ;  and  when  metals 
<*  corroded  with  a  little  acid,  turn  into 
^  rufty  which  is  an  earth  taftlefs,  and 
**  indiflblvable  in  water ;  and  this  earth » 
**  imbibed  with  more  acid,  becomes  a 
**  metallic  lalt;  and  when  fome  floncs,  as 
*'  ipar  of  leadi  diflblved  in  proper  men- 
^  ftrua,  become  falts ;  do  not  thefe  things 
•*  (hew,  that  falts  are  dry  earth  and  wa- 
•*  tery  acid  united  by  attrafiion  ;  and 
**  that  the  earth  will  not  beconoe  a  fait 
«  without  fo  much  acid  as  makes  it  dif- 
••  folvable  in  water  ?  Do  not  the  fharp 
^  and  pungent  taftet  of  acids  luife  from 
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the  ftrong  attraction,  whereby  the  acid 
particles  rufli  upon,  and  agitate  the 
•*  particles  of  the  tongue  ?  And  when 
**  metals  are  diffolvcd  in  acid  mcnftrua, 
<*  and  the  acids  in  conjun&ion  with  the 
'*  metal,  a&  after  a  di6Fercnt  manner,  fo 
**  that  the  compound  has  a  different  taft 
*^  much  milder  than  before,  and  fome- 
**  times  a  fweet  one ;  is  it  not  becaufe 
the  acids  adhere  to  the  metallic  pani- 
cles, and  thereby  lofc  much  of  thbir 
aSivity  ?  And  if  the  acid  be  in  too 
fmall  a  proportion  to  make  the  com- 
^*  pound  4iflolvablc  in  water ;  will  it 
not,  by  adhering  ftrongly  to  the  metal, 
become  unaSive,  and  toie  its  taft,  and 
the  compound  be  a  taftlefs  earth  ? 
**  For  fuch  things  as  are  not  diflblvable 
by  the  moifture  of  the  tongue,  ad  not 
upon  the  taft.  As  gravity  makes  the 
fea  flow  round  the  denfer  and  wei^h- 
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ttte  5  but  if  they  were  of  an  urinous  nature,  the  precipitate  would  be  Phtsics. 
white  and  milky.  So  that  having  always  at  hand  fome  lyrup  of  violets, 
and  a  fblution  of  fublimatej  lean,  by  the  help  of  the  former,  immedi- 
ately dilcover  whether  a  propofed  fait,  or  faline  body,  be  of  an  acid  na- 
ture ;  if  it  be,  I  need  inquire  no  further ;  but  if  not,  1  can  very  eafily  and 
readily  diftinguifli  between  the  other  two  kinds  of  falts,  by  the  white,  or 
orange-colour,  immediately  produced  by  letting  fall  a  few  drops  or  grains 
of  the  ialt  to  be  examined,  into  a  fpoonful  of  the  clear  folution  of  Tubli- 
mate.  Thus,  for  example,  it  has  been  fuppofed,  that  when  fal-armoniac, 
mixed  with  an  alkali,  is  forced  from  it  by  the  fire  in  clofe  veflels,  the  vo- 
latile ialt  thence  obtained,  is  but  a  more  nne  and  fubtile  fort  of  ial-armo- 
niac ;  which,  'tis  prefumed,  this  operation  only  purifies  more  exquifitely 
than  common  folutions,  filtrations,  and  coagulations.  But  this  opinion 
may  eafily  be  proved  erroneous,  as  by  other  arguments,  fo  particularly 
by  our  method  of  diftinguifhing  the  tribes  of  falts.  For  the  faline  fpirit 
of  fal-armoniac,  as  it  is  in  many  other  manifeft  qualities  very  like  the 
fpirit  of  urine ;  fo,  like  that,  it  will  inftantly  turn  fyrup  of  violets  to  a 
lovely  green ;  a  fblution  of  good  verdigreafe  into  an  excellent  azure ;  and 
make  the  folution  of  fublimate  depofite  a  white  precipitate.  Therefore,  in 
moft  experiments,  where  I  only  defign  to  produce  a  ludden  change  of  co- 
lour ;  1  fcruple  not  to  ufe  fpirit  of  fal-armoniac,  when  at  hand,  inftead 
of  fpirit  of  urine  ,•  as  indeed  it  feems  chiefly  to  confift  of  the  volatile  uri- 
nous fait.  And  by  this  way  of  examining  chymical  liquors,  we  may  not 
only,  in  general,  conclude  affirmatively,  but,  in  fome  cafes,  negatively. 

Thus,  fince  4>irit  of  wine,  and,  as  far  as  I  have  try'd,  the  chymical  oils 
will  not  turn  fyrup  of  violets  red,  or  green  ;  nor  the  folution  of  fublimate. 


•*  tier  parts  of  the  globe  of  the  earth ; 
*'  fo  the  attraQion  may  make  the  watry 
^*  acid  flow  round  the  comparer  partt- 
•*  cles  of  earth,  for  compofing  the  parti- 
**  clc8  of  fait.  For  otherwiic  the  acid 
**  would  not  do  the  office  of  a  medium 
*^  between  the  earth  and  common  water, 
"  for  making  falts  diflblvable  in  the  wa- 
•*  ter  ;  nor  would  fait  of  tartar  readily 
•*  draw  ofiF  the  acid  from  diffolved  metals, 
•*  nor  metals  the  acid  from  mercury. 
**  Now,  as  in  the|great  globe  of  the  earth 
**  and  fea,  the  oenfeft  bodies  by  their 
«*  gravity  fink  down  in  water,  and  aJ- 
•*  ways  endeavour  to  go  towards  the 
•*  centre  of  the  globe  ;  fo  in  particles 
**  of  fait,  the  denfeft  matter  may  al- 
**  ways  endeavour  to  approach  the  cen- 
**  tre  of  the  particle :  fo  that  a  particle 
•*  of  Ialt  may  be  compared  to  a  chaos, 
••  being  denfe,  hard,  dry,  and  earthy  in 
•*  the  centre ;  and  rare,  foft,  moift,  and 
f*  watry  in   the    circvunference.     And 
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"  hence  it  feems  to  be,  that  falts  are  of  a 
*<  lafting  nature,  being  fcarce  deftroyed, 
"  unlefs  by  drawing  away  their  watry 
**  parts  by  violence,  or  by  letting  them 
**  foak  into  the  pores  of  the  central 
*<  earth  by  a  gentle  heat  in  putrefac- 
tion, till  the  earth  be  di^folred  by  the 
water,  and  feparated  into  fmaller  par- 
ticles ;  which,  by  reafon  of  their  fmaJl- 
ne(s,  make  the  rotten  compound  ap- 
pear of  a  black  colour.  Hence  alfo  ic 
may  be,  that  the  pans  of  animals  and 
"  vegetables  prefer ve  their  feveral  forms, 
**  and  affimilate  their  nourifliment ;  the 
'^  foft  and  moift  nourifhment  eafily  chang- 
ing its  texture,  till  it  becomes  like  the 
denfe,  hard,  dry,  durable  earth  in  the 
centre  of  each  particle.  But  when  the 
nourifhment  grows  too  moift  to  be  affi- 
milatcd,  or  the  central  earth  grows  too 
'*  feeble  to  affimilate  it,  the  motion  ends 
*^  in  confufion,  purrefadion^  and  death.** 
Nswton.  Qptu*  p.}6o— j(Sla» 
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Physics,  white  or  yellow,  I  infer,  with  probability,  that  either  they  are  deftitute  of 
fait,  or  have  fuch  as  belongs  not  to  either  of  the  three  grand  fiunilies  men- 
tioned. 

And  thus,  upon  examining  the  fpirit  of  oak,  or  of  fuch  like  fubftances, 
forced  over  the  retort,  I  found  by  this  means,  amongft  others,  that  thofe 
chymifts  are  much  miftaken,  who  make  it  a  fimple  liquor,  and  one  of  their 
hypoftatical  principles  ;  for,  not  to  mention  what  phlegm  it  may  have,  a 
few  drops  OT  one  of  tWs  fort  of  fpirits,  mix*d  with  a  large  proportion  of 
fyrup  of  Volets,  tum'd  it  purplifli ;  by  the  affinity  of  which  colour  to  red- 
nefs,  I  conjeftur'd  that  the  fpirit  contained  fome  acid  corpufcles,  and  ac- 
corcUngly  found,  that  it  would  deftroy  the  bluenefs  of  the  nephritic  tin- 
fture;  and  that  being  put  upon  corals,  it  would  corrode  them  like  common 
fpirit  of  vinegar,  and  other  acid  liouors.  And  to  examine  whether  tliere 
were  not  a  great  part  of  the  liquor  ot  other  than  an  acid  nature;  having  fepa- 
rated  the  wur  part  from  the  reft,  we  concluded,  the  remaining  part,  tho'  it 
had  a  ftrong  taft,  as  well  as  finell,  to  be  of  a  nature  different  from  that 
of  any  of  our  three  forts  of  falts  ;  for  it  did  as  little  as  ipirit  of  wine,  and 
chymical  oils,  alter  the  colour  of  fyrup  of  violets,  and  a  folution  of  fub- 
limate  :  whence  we  alfo  inferred,  that  the  change  made  of  that  fyrup  into 
a  purple  colour,  was  eflfefted  by  the  vine«ir,  that  proved  one  of  the  in- 
gredients of  the  liquor  which  ufi^ly  pafles  Tor  a  fimple,  or  uncompounded 
fpirit. 

And  by  the  fame  way  we  may  examine  and  difcover  many  changes  that 
are  produced  in  bodies,  either  by  nature  or  art ;  for  both  are  able,  by 
changing  the  textiu"e  of  fome  lubitances,  to  qualify  them  to  operate 
filter  a  new  manner,  upon  the  fyrup,  or  folution.  Thus  I  have  difco- 
ver*d,  that  there  are  fadiitious  bodies,  which,  tho'  they  run  as  readily  as 
lalt  of  tartar,  belong,  in  other  refpedts,  not  to  the  family  of  alkalies,  much 
lefs  to  that  of  volatile  or  acid  falts.  Perhaps,  too,  I  know  a  way  of  ma- 
king a  highly  operative  faline  body,  that  (hall  neither  change  the  colour  of 
fyrup  of  violets,  nor  precipitate  the  folution  of  fublimate.  And  I  can, 
likewife,  conceal  the  liquors  wherewith  I  make  fuch  changes  of  colours 
as  thofe  lately  mentioned,  by  quite  altering  the  texture  of  fome  ordinary 
chymical  productions. 

We  may  here  obferve,  that  the  reafon  why  our  method  of  examining 
falts,  fucceeds  in  the  folution  of  fublimate,  depends  upon  the  particular 
texture  of  that  folution,  as  well  as  iipon  the  different  natures  of  the  faline 
liquors  employed  to  precipitate  it.  For  gold  diffolv'd  in  Aqua  regia,  whether 
it  be  precipitated  with  oil  of  tartar,  which  is  an  alkali,  or  Ipirit  of  fal-ar- 
moniac,  which  is  a  volatile  fait,  will  either  way  afford  a  yellow  fubflance  ; 
tho*  oil  of  vitriol,  it  felf,  would  not  precipitate  the  metal  out  of  the  folution, 
or  deftroy  the  colour  of  it  ,•  notwithftanding  that  oil  will  readily  precipitate 
filver  dyfolv'd  in  Aqua  fortis.  And  if  you  diffolve  pure  filver  in  Aqua  f or ^ 
tif,  and  fu£kr  it  to  fhoot  into  cryftals,  the  clear  folution  of  thefe  made  in 
fiur  water,  will  aflford  a  very  white  precipitate,  whether  occafion'd  by 
an  alkali^  or  an  acid  fpirit;  tho'  with  fpirit  of  fal-armoniac,  made  with 
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quick-lime,  I  cou'd  obtain  nothing  like  it ;  this  volatile  (pirit,  as  alfb  that  Physics. 
of  urine,  fcarce  doing  any  more  than  ftriking  down  a  very  finall  quantity  ViXV^ 
of  matter,  which  was  not  fo  much  as  whitifli ;  fo  that  the  remaining  li- 
quor, being  fuflfer'd  to  evaporate  its  fuperfluous  moifture,  the  greatefl: 
part  of  the  metalline  corpufcles,  with  the  faline  ones  that  had  imbibed 
them,  coagulated  together  into  fait ;  as  is  ufual  in  fuch  folutions,  when 
the  metal  has  not  been  precipitated. 

41.  From  fpirit  of  urine,  made  after  fermentation,  anda  due  propor- 
tion of  copper-filings,  having  obtain'd  a  very  lovely  azure  folution;  I  pour'd 
into  a  clean  glafs,  about  a  fboonful  of  this  liquor,  and  found  I  could,  by  (ha- 
ving into  it  fome  drops  of  itrong  oil  of  vitriol,  immediately  deprive  it  of  it^ 
deep  colour,  and  make  it  look  like  common  water.  And  if  mto  a  fmall 
ipoonfiil  of  a  folution  of  good  French  verdigreafe,  made  in  fair  water,  I 
droppM  and  fliook  fome  urong  fpirit  of  fait,  or  dephlegm'd  Aquafortis, 
the  greennefs  of  the  folution  would,  in  a  trice  almoft,  totally  difappear^ 
and  the  liquor,  held  againfl  the  light,  fcarce  appear  other  thian  clear,  or 
limpid ;  which  is  theroFore  remarkable,  becaufe  we  know,  that  Aquafortis, 
by  corroding  copper,  the  thing  which  gives  the  colour  to  verdigreafe,  ufually 
reduces  it  to  a  greenifli  blue  folution.  But  if  into  this  almoft  colourleis 
liquor,  you  drop  a  jufl  quantky  either  of  oil  of  tartar,  or  fpirit  of  urine, 
-you  may  find,  that  after  the  ^ullition  is  ceas'd,  the  mixture  will  difdo& 
a  lively  colour^  tho'  fomewhat  different  from  that  the  folution  of  verdigreafe 
had  or^nally. 

42  Sot  tix&  experiments  tending  either  to  alter  the  colour  of  a  body,  or  (W  Mtr 

•entirely  todefboy  it,  without  ^ving  it  a  fuccdBEbr;  I  had  a  defire  alfo,  to^J^' 

turn  -a  body  or  one  colour  mto  two,  very  different  both  in  confift* ^/g^T^* 
ence  and  colour,  by  help  of  one  that  was  colourle&.  In  order  to  this,  **»«"*• 
finding  the  acidity  of  fpirit  of  vinegar  to  be  wholly  deftroy'd,  by  working 
upon  Mmum,  I  concluded,  that  the  folution  of  leacL  in  ipmt  of  \dnegar, 
would  alter  the  colour  of  the  juices  and  infufions  oi  feveral  plants,  a^r 
the  manner  of  oil  of  tartar  ,*  and,  accordingly,  I  was  quickly  fatisfied, 
upon  trial,  that  the  infufion  of  rofe-leaves  would,  by  a  Imall  quantity  of 
this  folution,  well  mix'd  with  it,  be  immediately  cum'd  into  a  faddiih 
green. 

And  further,  I  had  often  found,  that  oil  of  vitriol  will  predpitatc 
many  bodies,  both  mineral  and  others,  di£R>lvM  not  only  in  Aquafortis, 
but  particularly  in  fpirit  of  vin^ar.  I  had  alfo  found,  that  the  pow- 
<lers  precipitated  by  this  liquor,  were  ufually  foir  and  white.  Laying 
thefe  things  together,  'twas  not  difficult  to  conclude,  that  if  upon  a  tintturc 
of  red  role-leaves,  made  with  fair  Water,!  dropped  a  quantity  of  a  ftrong 
folution  of  Minium,  the  liquor  would  be  tum'd  mto  the  like  muddy  green  • 
iubftance,  whereto  oil  of  tartar  would  reduce  it ;  and  that  a  convenient 
proportion  of  oil  of  vitriol,  would  have  two  diftinft  operations  upon 
the  mixture  ,•  the  one,  to  precipitate  the  -diflblv'd  lead  in  the  form  of 
a  white  powder  ;  the  other,  to  clarify  the  muddy  mixture,  and  both 
peflore,  and  exceedmgly  hdghten  the  rednefs  of  the  infufion  of  rofes : 
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Phtsics.  and  making  the  experiment  accordingly,  in  a  conical  glafs,  that  thefubfidin^ 
^  ^^^^  ^  powder  might  feem  Jto  poflefs  the  more  fpace,  and  be  the  more  confpi- 
cuous  j  I  found,  upon  making  the  green  mixture,  that  the  coloured  li- 
quor might  be  the  more  equally  difpers'd,  a  few  drops  of  the  reftified 
oil  of  vitriol,  prefently  tum'd  the  opake  liquor  into  one  that  was  clear 
and  red,  almoft  like  a  ruby  ;  and  threw  down  a  large  quantity  of  a  pow- 
der, which,  when  fettled,  would  have  appeared  very  white,  if  fome  inter- 
fpers'd  particles  of  the  red  liquor  had  not  a  little  allay'd  the  purity,  tho' 
it  did  not  blemifli  the  beauty  of  the  colour. 

And  to  (how  that  thefe  effefts  flow  from  the  oil  of  vitriol,  as  it  is 
a  ftrong  acid  menftruum,  that  has  the  property  both  to  precipitate  lead,, 
fts  well  as  fome  other  fubftances,  out  of  Ipirit  ot  vinegar,  and  to  heighten 
the  colour  of  red  rofe-leaves  ;  I  have  done  the  fame  thing,  tho*,  perhaps, 
not  quite  fo  well,  with  fpirit  of  fait,  but  could  not  do  it  with  Aquafortis  i 
became  tho*  that  potent  menftruum,  as  well  as  the  others,  heightens  the 
rednefs  of  rofes,  yet  it  would  not,  like  them,  precipitate  lead  out  of 
fpirit  of  vinegar,  but  rather  diflblve  it.  And  as,  by  this  way,  we  have 
producM  a  red  liquor,  and  a  white  precipitate,  out  of  a  dirty  green  ma- 
giftery  of  rofe-leaves ;  fo,  by  the  fame  method,  we  may  produce  a  £air 
yellow,  and  fometimes  a  red  liquor,  and  the  like  precipitate  out  of  an 
infufion  of  a  curious  purple  colour.  For,  I  lately  intimated,  that  I  had,  with 
ft  few  drops  of  an  alkali,  tum'd  the  infufion  of  Ic^-wood  into  a  lovely 
purple  ,*  but  if,  inftead  of  that  alkali,  I  fubftituted  a  very  ftrong,  and  well- 
nltred  felution  of  Mtnitm^  made  with  fpirit  of  vinegar ;  ana  took  about 
half  as  much  of  this  liquor  as  there  was  of  the  infufion  of  log-wood ;  a 
convenient  proportion  of  Ipirit  of  fait,  would,  if  the  liquors  were  briskly 
ihook  together,  prefently  ftrike  down  a  precipitate  like  the  former,  and 
turn  the  liquor  that  fwam  above  it,  for  the  moft  part,  into  a  lovely  yellow. 

But  to  advance  this  experiment  a  little  further,  I  confider'd,  that  in 
CJfCc  I  firft  turn'd  a  fpoonful  of  the  infufion  of  log-wood  purple,  by  a 
convenient  proportion  of  the  folution  of  Minium ;  the  affufion  of^fpirit  of  l!al- 
armoniac,  would  precipitate  the  corpufcles  of  lead,  concealed  in  the  folution 
of  Minium f  and  yet  not  deftroy  the  purple  colour  of  the  liquor  ;  whereupon 
I  thus  proceeded.  I  took  about  a  fpoonful  of  the  frefh  tinfture  of  log-wood, 
(for  if  it  be  ftale,  the  experiment  will  not  always  fucceed)  and  having  put  to 
it  a  convenient  proportion  of  the  folution  of  Minium^  to  turn  it  into  a 
deep  and  almoft  opake  purple;  I  then  dropped  in  as  much  fpirit  of  fal- 
armoniac  as  I  guefs'd  would  precipitate  about  half  the  lead ;  and  imme- 
diately ftirring  the  mixture  well  together,  I  mixM  the  precipitated  parts 
with  the  others,  fo  that  they  fell  to  the  bottom,  partly  in  the  form  of  a 
powder,  and  partly  in  the  form  of  a  curdled  fubftance,  that  retained,  as 
well  as  the  upper  liquor,  a  bluifh  purple  colour,  fufiiciently  deep ;  and 
then  inftantly  poiuing  in  a  pretty  quantity  of  4pirit  of  fait,  the  matter 
firft  precipiuted,  was,  by  the  conical  figure  of  the  glafs,  preferv'd  from 
the  fpirituous  fait,  which  fuddenly  precipitated  upon  it  a  new  bed  of  white 
powder^  or  the  remaining  corpufcles  ti  the  lead>  that  the  urinous  fpirit  had 
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not  ftruckdown;  fo  that  there  appeared  in  theglafs,  three  diftinft  and   PHvsicfc 
very  differently  coloured  fizbftances ;  a  purple,  or  violet-colour'd  precipitate  VXV\^ 
at  the  bottom ;  a  white  and  carnation  precipitate  over  that;  and,  at  the 
top  of  all,  a  tranfparent  liquor,  of  a  lovely  yellow,  or  red. 

Thus,  tho'  to  fome,  I  may  feem  to  have  nit  on  this,  and  the  like  expe- 
riments, by  chance  ;  whilft  others  imagine  they  proceed  from  fome  extraor- 
dinary infight  into  the  nature  of  coloiurs ;  yet,  indeed,  the  contrivance  of 
them  need  not  to  be  looked  upon  as  any  great  matter,  in  one  who  is  a 
little  vers'd  in  my  notions  about  the  differences  of  falts. 

43.  That  the  coloxu*  of  a  body  may  be  changM  by  a  liquor,  which,  ^f  ^^SJj^'j';^ 
it  felf,  is  colourlefs,  provided  it  be  faline,  we  have  already  flie wn  by  a  mul-  «  dry,  white  ^ 
titude  of  inftances ;  and  the  thing  does  not  appear  ftrange,  becaufe  faline  *|j^  -^^C 
particles  fwimming  up  and  down  in  liquors,  have  been  often  obferv'd  to 
aft  powerfully  in  the  produftion  and  change  of  colours  :  but  it  has  feem'd 
furprizingto  many,  unacquainted  with  chymical  operations,  that  a  white 
dry  body  mould  immediately  acquire  a  new  rich  coloiu",  upon  the  bare  af- 
fufion  of  clear  fpring  water.  And  yet  the  way  of  producing  fuch  a  change 
of  colours,  may  be  eaffly  hit  on  by  thofe  who  often  make  folutions  of  mer- 
ciuy.  For  we  have  try'd,  that  tho*  by  evaporating  a  folution  of  quick- 
filver  in  AquafortlSy  till  the  remaining  matter  began  to  be  tolerably  dry,  fair 
water,  pour'd  on  the  remaining  calx,  tum'd  it  but  a  little  yellowifli  ,•  yet, 
when  we  took  good  quick-filver,  and  three  or  four  times  its  weight  01  oil 
of  vitriol,  and  in  a  glafs  retort  drew  off  the  faline  menflruum  from  the  me- 
talline liquor,  till  there  remained  a  dry  fhow-white  calx  at  the  bottom  ; 
upon  pouring  on  it  a  large  quantity  of  fair  water,  we  did,  almoft  in  & 
moment,  perceive  it  to  pafi  to  one  of  the  loveliefl  light  yellows  that  ever 
we  beheld.  And  the  turbith  mineral  is  of  a  colour  not  much  inferiour  to 
this ;  tho*  it  be  often  made  with  a  diflferent  proportion  of  the  ingredients^ 
and  after  a  more  troublefome  manner.  But  this  colour,  tho'  fo  exquifitely 
fine,  and  fo  greatly  wanted  by  painters,  is,  I  fear,  too  coftly  to  be  em- 
pIoyM  by  them,  unlcfs  about  curious  pieces  ;  tho*  I  do  not  know  how  well 
it  will  agree  with  every  pi^ent,  efpecially  with  oil-colours. 

And  whether  this  expenment  be  really  of  another  nature,  than  thofe 
wherein  faline  liquors  are  employ M,  may  be  fo  plaufibly  doubted,  that 
whether  the  water  poured  on  the  calx,  do  barely,  upon  imbibing  fome 
of  its  faline  parts,  alter  its  colour,  charging  its  texture  ;  or  whether  by 
diflblving  the  coagulated  falts,  it  becomes  a  faline  menflruum,  and,  as 
fuch,  operates  upon  the  mercury,  I  leave  to  be  conliderM.  I  have,  how- 
ever, feveral  times,  with  fair  water,  wafli'd  from  this  calx  abundance  of 
ftrongly-tafled  corpufcles,  which,  by  the  abftr^ion  of  the  mcnflruum,  I 
could  reduce  into  fait. 

But,  to  Ihcw  how  much  a  real  and  permanent  colour  may  be  called  out 
by  a  liquor  that  has  neither  colour,  nor  {^o  much  as  faline,  or  other  aftive 
parts';  provided  it  can  but  bring  the  parts  of  the  body  it  imbibes,  to  convene 
mto  clutters,  dilposM  after  a  particular  manner,  we  made  the  following 
experiment. 
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Physics.  44.  We  put  fome  powder  of  good  common  vitriol  into  a  crucible,'  and 
yX'VNi^  kept  it  melted  in  a  gentle  heat,  till,  by  the  evaporation  of  fome  parts,  and 
iS2!!S!!^dTy^^^,  tranfpofition  of  the  reft,  it  had  quite  loft  its  former  colour -,-  what  re- 
•JJj2^^«'^  main'd  we  took  out,  and  found  it  to  be  a  friable  caLx,  of  a  dirty  grey 
fUS.  colour  :  on  this  we  pour'd  fair  water,  which  it  did  not  tinge  cither  green 

or  blue,  but  only  feem'd  to  make  a  muddy  mixture  with  it ;  then  ftopping 
the  vial  wherein  the  ingredients  were,  we  let  it  ftand  in  a  quiet  place  fcr 
fome  days.  The  water  having  now  diffolvM  a  large  part  of  the  imperfeftly 
calcin'd  body ;  the  vitriolic  corpufcles  fwimming  to  and  fro  in  the  liquorj 
had  time,  by  their  occurfions,  to  conftitute  many  little  mafles  of  vitriol, 
which  gave  the  water  they  impregnated,  a  fair  vitriolic  colour  ;  and  this 
liquor  being  pour'doff,  the  remaining  dirty  powder,  in  time,  communica- 
ted the  like  colour,  but  not  fo  deep,  to  a  lecond  parcel  of  clear  water, 
that  we  poured  on  it. 
r«rioM  eofcirw  4J.  It  may  contribute  to  fhew  how  much  fome  colours  depend  upon  the 
f!^^fmHi  ^'lefsor  greature  mixture,  and  contemperation  of  light  with  mades,  to  ob- 
^Ism  Uqttnr,  fervc  how  the  number  of  particles  or  the  lame  colour,  either  received  into 
the  pores  of  a  liquor,  or  wimming  up  and  down  in  it,  may  feem  greatly 
to  vary  the  colour  of  it.  I  could  produce  feveral  inftances  of  fblid 
bodies,  wherein,  if  the  colour  be  not  a  light  one,  as  white,  yellow,  or  the 
like,  the  clofene&  of  parts  in  the  pigment,  makes  it  look  blackifh ;  tho' 
when  laid  on  but  thinly,  it  will,  perhaps,  appear  blue,  green,  or  red: 
but  I  fliall  rather  infift  upon  liquors,  than  dry  bodies. 

If,  then,  you  put  a  little  fair  water  into  a  clear  flender  vial,  and  let  &11  into 
it  a  few  drops  of  a  ftrong  decodion,  or  infiifion,  of  cochineal,  or  of  brazil, 
the  ting*d  drops  will  deicend  like  Httle  clouds  into  the  liquor,  thro'  which^ 
if  by  fhaking  the  vial,  you  diffofe  them,  they  will  turn  the  water  of  a 
pink  colour  ;  by  dropping  in  a  little  more  of  the  decoftion,  you  may 
heighten  the  colour  into  a  fine  red,  almoft  like  that  of  rubies  .;  and  by 
continuing  the  affafion,  the  liquor  may  be  brought  to  a  kind  of  crim- 
fon,  and  afterwards  to  a  dark  opake  rednefs.  And  whilft  the  li- 
quor pafles  from  one  of  thefe  colours  to  the  other,  you  may  obferve 
many  lefs  noted  cotours,  bordering  upon  red,  to  which  it  is  not 
cafy  to  aflign  names  ;  efpecially  confldering  how  much  the  proportion  of 
the  decoftion  to  the  fair  water,  and  the  ftrength  of  that  decodtion,  may, 
with  other  circumftances,^  vary  the  phenomena  of  this  experiment.  But; 
to  make  it  with  the  greater  conveniency,  we  ufe,  inftead  of  a  vial,  a 
flender  pipe  of  glafs,  of  about  a  foot  in  length,  and  about  the  thicknefs 
of  a  man  s  little  finger  r   for,  if  leaving  one  end  of  this  tube  open,  you 


nature,  may  be  made  with  very  fmall  quantities  of  liquor.  And  in 
this  pipe,  may  be  produced  various  colours,  in  the  various  parts  of  the 
liquor,  and  be  kept  long  fwimming  upon  one  another,  unmix'd. 
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It  has  excited'  the  admiration  of  (bme  perfons  to  fee^whata  variety  of  Physic*; 
colours  we  have  fometimes  produced  in  fuch  glafles,  by  the  bare  infuiion  V 
of  brazil,  varioufly  diluted  with  fair  water,  and  altered  by  the  infiifion  of  ^ 
feveral  chymicai  ipirits,  and  other  faline  coloiu'lefs  liquors ;  and  when  the 
whole  mixture  is  reduced  to  an  uniform  degree  of  colour,  I  have  made^it 
appear  to  be  of  colours  gradually  differing,  by  pouring  it  into  glafles  of  a 
conical  figure.  Or  even  take  a  large  round  vial,  fill  it  with  the  red  infufion 
of  brazil,  hold  it  againft  the  light,  and  you  will  difcern  a  notable  diffe- 
rence betwixt  the  colour  of  that  part  of  the  liauor  which  is  in  the  body 
of  the  vial,  and  that  wbieh'  is  more  pervious  to  the  light,  in  the  neck. 

I  once  had  a  glais,  and  a  blue  liquor,  which  was  chiefly  a  certain  fb- 
lution  of  verdigreafe,  fb  fitted,  that  tho'  in  other  glafles  the  experiment 
would  not  fucceed ;  yet  when  this  particular  glais  was  filled  with  that 
folution,  it  appeared  m  the  body  of  the  vial  of  a  lovely  blue,  and  in  the 
neck  of  a  manifefl  green.  I  had  alio,  a  broad  piece  of  glafs,'.  which 
being  viewed  againfl  the  light,  ieem^d  clear  enough ;  and,  held  from  the 
light,  appeared  very  little  difcoloured :  yet  it  was  a  piece  knock'd  off  from 
a  great  lump  of  gkfs,  to  which  if  we  rejoin'd  it,  where  it  had  been  bro- 
ken off,  the  whole  mafs  ap{>eared-  ereen  as  grafs. 

I  have,  likewife,  feveral  times  med  bottles  and  floppies,  both  made  of  the 
very  lame  metal ;  and  yet  whilfl  the  bottle  appeared  only  inclining  to  < 
green,  the  fh^pje  was  ot  fb  deep  a  colour,  that  it  could  hardly  be  thought 
poffible  they  Ihould  be  the  fame  materials.  And  I  :have  by  me  a  flut 
glafs,  on  v^iich,  if  I  look  a^infl  the  light  with .  the  broad  fide  obvert-e 
ed  to  my  eye,  it  appears  like  a  isood^rdinary  window-glafs ;  but  if  I  i 
turn  the  edge  of  it  to  my  eye,  and  ftand  in  a  convenient  portion,  with  re-i 
gard  to  the  light,  it  emulates  an'  emerald. 

^  I  have  fometimes  made  a  fluid  kind  of  pigment,  which,  dropped  on  a 
piece  of  white  paper,  appears,-   where  any  quantity  of  it  falls,    of  ft 
crimfon  colour  j  but,  bemg  fpread  thinly  on  the.  paper,  prefently  eidiibits  . 
a  fair  green. 

Let  me  add,  that  having  made  many  experiments  with  that  blue  fub- 
fiance,  caUed  by  the  painters  litmafe ;  we  have  fometimes  obferved,  that  * 
being  dilTolved  in  a  due  proportion  of  fair  water,  the  folution,  *  either  op-: 
pofed  to  the  light,  or  dropped  upon  white  paper,  iippeared  of  a  deep  - 
colour,  betwixt  crimfon  and  purple ;    yet,  when  fpread  very  thin  on  the 

Eaper,  and  fuf&red  to  dry  there^  the  paper  was  thereby  ftain*d  of  a  fine 
lue.  This  experiment  alio  fucceededy  when  made  on  a  flat  piece  of  pure 
white  dazed  earth.  And  having  let  -  fall  a  few  xlrops.of  the  ftrong  infu- 
fion ofthis  litmafe,  in  fair  water,  into  a  fine  cryftal  glafs,  fhaped  like  an 
inverted  cone,  and  almofl  fiU'd  with  clear  water ;  I  had  the  pleafure  ta 
fee  thefe  few  tinged  drops,*  varioufly  difperiing  themfelves  thro*  the  lim- 
pid water,  exhibit  many  colours,  or  varieties  of  purple  and  crimfon. 
But  when  the  corpufcles  of  the  pigment  feem'd  to  have  equally  diflufed 
themfelves  thro'  the  whole ;  by  adding  to  it  two  or  three  drops  of  fpirit  of 
fait,  we  perceived  it  firft^made  an  odd  change  in  the  colour  o£  the  liquor,, 

as 
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PHTSrcs.  fls  well  as  a  vifible  comit^otioti  among  its  fmall  parts,  and  in  a  (hort  time 
.^^V'W  changed  it  wholly  into  a  very  glorious  yellow,  like  that  of  a  topaz.     After 
this,  if  I  let  fall  a  few  <irops  of  a  ftrong  heavy  folution  of  pot-aflies, 
whofe  weight  would  quickly  fink  it  to  the  (harp  bottom  of  the  glafs ;  there 
would foon  appear  four  verypleafarit  and  diftind  colours:  viz,,  a  faint 
bright  one,  at  the  fhair^ft  part  of  the  glafs ;  a  purple,  a  little  higher ;  a 
deep  and  glorious  crimlon,  in  the  confines  betwixt  the  purple  and  the  yel- 
low ;  and  an  excellent  y  ellow,  the  lame  that  before  adorned  the  whole  li- 
quor, reaching  from  thence  to  the  top  of  the  glafs.    And  if  I  poured,  very 
gently,  a  little  Ipirit  of  ial-armoniac  upon  the  iipper  part  ot  this  yellow, 
there  would  alfo  arife  there  a  purple,  or  a  crimfcn,  or  both;  fo  that  the 
unaltered  part  of  the  yellow  liquor  appeared  intercepted  betwixt  the  two 
neighbouring  colours.    Hence  we  need  not  be  furprized  at  the  tricks  of 
thole  mountebanks,  who  are  commonly  called  water-drinkers.    For  tho* 
not  only  the  vulgar,  but  many  perfons  far  above  that  rank,  have  won- 
dered to  fee  a  man,  after  drinking  large  quantities  of  fair  water,  return 
it  in  the  form  of  claret,  fack,  and  milk;  yet  having  by  chance  had  occa- 
(ion  to  oblige  a  wanderer,  who  made  a  profeflion  of  this,   and  other 
juggling  tricks,  he  ingenuoiily  confefled  to  me,  that  the  art  confifted  rather 
in  a  few  tricks  than  any  great  skill  in  altering  the  natiure  and  colours  of 
things.    And  I  fuipeA  there  may  be  a  great  deal  of  truth  in  a  little 
pamphlet,  printed  long  ago  in  EngUfh ;  wherein  the  author  undertakes  to 
dilcover,  from  the  conteffion  of  fome  of  the  accomplices  themfelves,  that  a 
famous  water-drinker,  then  much  admired  in  England,  performed  his 
pretended  tranfmntations  of  liquors  by  the  help  of  two  or  three  inconfi- 
derable  preparations  and  mixtures  of^  obvious  fluids ;  and  chiefly  of  an 
infufion  of  brazil  varioufly  diluted  and  made  pale,  yellowifli,  &c.  with 
vinegar.    And,  for  my  part,  what  moft  furprizes  me  m  this  aflfair,  is,  that 
the  drinkers  can  take  down  fo  much  water,  and  fpout  it  out  again  with 
violence ;  tho'  cuftom,  and  a  vomit  feafonably  taken  before-hand,  may  in 
fome  of  them  gi'eatly  facilitate  the  work.    But  as  for  the  changes  they 
make  in  liquors,  thofe  are  but  few  and  flight. 
fir***  tm!t'     ^'  Hebntmt  ufed  to  make  a  preparation  of  fteel,  which  a  very  ingenious 
Mf  ieftJr!^  chymift  fometimes  employs  for  a  Succedaneum  to  the  fpaw-waters ;  di- 
^J^J^  *^  luting  this  Effentia  Martis  liquida^  as  he  calls  it,  with  a  due  proportion  of 
$mm.  water.     And  tho'  this  preparation  be  almoft  of  the  colour  of  a  German, 

amethyft,  and  confequently  remote  from  green  ;  yet  a  very  few  drops  of  it 
being  let  fall  into  a  large  proportion  oiRJoeniJhyOV  white-wine,  it  immediate- 
ly turns  them  to  a  lovely  green.  By  which  phenomenon  we  may  learn  how 
requifite  it  is  in  experiments,  about  the  changes  of  colours,  carefully  to 
regard  the  cireumftances  of  them  ;  for  water  will  not,  as  I  have  purpofe- 
ly  tryM,  concur  to  the  produdlion  of  any  fuch  green  ;  nor  did  it  give 
that  colour  to  moderate  fpirit  of  wine,  wherein  I  difTolved  it :  and  wine 
itfclf  is  a  liquor  that  few  would  fufpedt  able,  of  a  fudden,  to  work  any 
fuch  change  in  a  metalline  preparation  of  this  nature.  And  to  fatisfy 
myfelf  that  this  new  colour  proceeds  rather  from  the  peculiar  texture  of 

the 
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tfie'  wine,  than  from  any  greater  aciditv  that  Rhmtifb^   or  white-wine   Physics.' 
has,  in  comparifon  of  water  ,•  I  (harpenea  the  folution  of  this  effence  in  K^^^^ 
feir  water,  with  a  lai^e  quantity  oi  fpirit  of  fait ;  and  then  the  mixture 
acquired  no  greennefs. 

To  vary  the  experiment  a  little,  I  tryM,  that  if  into  fome  Rhenifl)  wine 
made  green  by  this  effence,  I  dropped  an  alkaline  folittion,  or  urinous  fpi- 
rit ;  the  wine  would  prefently  grow  turbid,  and  of  an  odd  dirty  colour. 
But  if,  inftead  of  diflblving  the  effence  in  wine,  I  diffolved  it  in  fair  water, 
IharpenM  with  a  little  fpirit  of  fait  j  then  either  the  urinous  fpirit  of  lal- 
armoniac,  or  the  folution  of  the  fixed  fait  of  pot-afhes,  would  immediately 
turn  it  of  a  yellowifli  colour ;  the  fixed  or  urinous  &lt  precipitating  the 
vitriolic  fubflance  contained  in  .the  effence.    And  as  our  effence  imparts  a 

freennefs  to  winej  but'  not  to  water ;  Olaus  Wormius  tells  us  of  a  rare 
ind  of  turn-fol  he  had,  whofe  beautiful  rednefs  would  be  eafily  commu- 
nicated to  water,  but  fcarce  to  wine,  and  not  at  all  to  foirit  or  wine :  in 
which  laft  circuinflance  it  agrees'  with  our  effence,  tho  they  difagree  in 
other  particulars. 

47.  I  have  often  taken  notice,    that  'metals,   as  uhey  appear  to  ^^TSl^'-^**  i 
eye,  be£bre  they  come  to  be  altered  by  other  bodies,  exhibit  colours  very  ,•„  i^m^ 
different  from  thofe  which  the  fire,  or  a  menflnium,  either  feparately  or  J*«*«^ 
conjointly,  produce  in  them;  efpecially  confidering,  that  thefe  metalline' 
bodies  are,  after  all  their  difguizes,  reducible  not  only  to  their  former 
confiftence,  and  other  more  effential  properties,  but  to  their  colour  too ; 
as  if  nature  had  given  them  an  external  and  an  internal  colour.  But,  upon 
a  more  attentive  confiderarion  of  this  difference  of  colours,  it  feems  probable 
to  me,  that  many  of  thofe  we  call  internal,  are  rather  produced  by  the 
coalition  of  metalline  particles  with  thofe  of  the  falts,  or  other  bodies 
employed  to  work  on  them,  than  by  the  bare  alteration  of  the  parts,  of 
the  metals  themfelves.    Of  thefe  adventitious  colours  of  metalline  bodies, 
the  chief  forts  feem  to  be  three ;  vit,.  fuch  as  are  produced  by  the  fole 
a6Hon  of  the  fire ;  fuch  as  emerge  from  the  coalition  of  metalline  par- 
ricles,  with  thofe  of  fome  menflnium  employed  to  corrode,  or  precipitate 
the  metal ;    and,  lafUy,  the  colours  afforded  by  metalline  bodies,  either 
melted  with,  or  otherwife  penetrating  into  others,  efpecially  fuch  as  are 
fufible. 

As  to  the  firfl  of  thefe  colours ;  'tis  well  known  to  chymifts,  that 
tin  calcined  by  fire  alone,  affords  a  white  calx;  and  lead,  by  the  fame 
means,  yields  that  common  red  powder  we  call  Minium ;  copper  aUb,  cal- 
cined fer  fe^  by  a  long  or  violent  fire,  gives  a  very  dark  or  blackifh 
powder ;  iron,  likewife,  may,  by  the  aftion  of  reverberated  flames,  be 
turnM  into  a  colour  almoft  like  that  of  faffron,  as  we  fee  in  the  prepa- 
ration of  Crocus  Martis  per  fe ;  and  mercury,  by  the  power  of  fire,  will 
be  turn'd  into  a  red  powder,  called  precipitate  per  fe. 

Befides,  the  fame  metal  may,  by  the  fucceflRve  operations  of  the  fire, 
receive  feveral  adventitious  colours ;  as  is  evident  in  lead,  which,  before 
it  arri\'es  at  lb  deep  a  colour  as  that  bf  Minium^  may  pafs  thro  feveral 
others.  J^'ot 
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Physics.  'And,  not  only  the  Calces^  but  the  glaffes  of  metals,  vitrifyM  pei'fe^  may  have 
,/ colours  different  from  the  obvious  or  natural  colours  of  the  metal  ^  as  I 
^have  obfcrved  in  the  glafs  of  lead,  made  by  long  expofing  that  metal  crude 
to  a  violent  fire.  I  have  likewife  feen  a  piece  of  very  dark  glafs,  which  an 
ingenious  artificer,  who  (hewed  it  me,  profefled  he  made  of  filver  alone, 
hy  an  extreme  violence  of  the  fire. 

'Minerals  alfo,  by  the  aftion  of  the  fire,  may  be  brought  to  afford  co- 
lours very  different  from  their  own ;  as  was  obferved  about  the  va- 
rioufly  coloured  flowers  of  antimony.  To  which  we  may  add^  the  whitifh 
'grey  colour  of  its  calx,  and  the  yellow  or  reddifh  one  of  the  glafs,  into 
whjch  that  calx  may  be  fluxed.  And  vitriol,  calcined  with  a  very  gentle 
.heat,  and  afterwards  with  higher  degrees  of  it,  may  be  made  to  pafs 
thro*  feveral  colours,  before  it  defcends  to  a  dark  purplifh  one,  whereto 
41  ftrongfire  will  at  length  reduce  it. 

48.  The  adventitious  colours  produced  in  metals,  by  faline  liquors,  arc 
rmany  of  them,  well  known  to  ch)rmifts.  That  gold,  diflfolv'd  in  Aqua 
regia^  communicates  its  own  colour  to  the  menftruum,  is  a  common  ob- 
iervadon  ;  but  the  folutions  of  mercury,  in  Aquafortis,  are  not  generally 
^obfervM  to  give  any  notable  tin£hire  to  the  menftruum  ;  thb'  fometimes, 
-when  the  liquor  firil  falls  up<m  the  quick-filver,  I  have  obferv'd  a  very 
ftemarkable  greennefs,  or  bluenefs  to  be  produced.  Tin,  corroded  by  Aqua 
'jmisy  till  the  menftruum  will  work  no  farther  oa  it,  becomes  exceeding 
•white ;  and  eafily,  of  it  felf,  acquires  the  confiftence  not  of  a  metalline 
calx,  but  of  a  coagulated  matter,  to  Hke  either  to  curdled  milk,  or 
^curdled  whites  of  ^gs,  that  a  peiibn  unacquainted  with  fuch  folutions, 
night  eafily  be  mifhiken  in  it.  But  when  I  purpofely  prepared  a  men- 
ftruum that  wou'd  diiTolve  it,  as  Aquafortis  diffolves  filver,  not  barely 
corrode  it,  and  quickly  let  it  fall  again;  I  remember  no  particular  co- 
lour in  the  folution  :  as  if  the  more  wlutifh  metals  did  not  much  tinge  their 
jnenftrua,  tho'  the  high-coloured  ones,  as  gold  and  copper,  do.  For  lead 
4ii£)lv'd  in  fpirit  of^vin^r,  or  Aquafortis,  gives  a  dear  folution  :  and, 
if  die  menftruum  be  abftraft^d,  appears  either  diaphanous,  or  white.  And 
^tis  worth  noting,  that  tho'  when  iron  is  dilfolv'd  in  oil  of  vitriol,  diluted 
with  water,  it  aftbrds  a  fait,  or  magiftery,  fo  like  in  colour,  as  well  as 
ibme  other  qualities,  to  green  vitriol,  that  chymifts  properly  call 
it,  yitriolum  Mortis ;  yet,  by  changing  the  menftruum,  and  pouring 
upon  the  filii^  of  fteel.  Aquafortis^  inftead  of  oil  of  vitriol,  I  ob- 
itain'd  not  a  green,  but  a  iaflffon-colour*d  folution,  or  rather  a  thick  li- 
quor, of  a  deep  yellowifh  red.  Common  filver,  diffolv'd  in  Aquafortis, 
yields  a  folution  ting'd  like  that  of  copper ;  which  is  not  to  be  wonderM 
at,  becaufe,  in  coining  filver,  they  give  it  an  allay  of  copper  ;  and  what  Is 
fold  for  refin'd  filver,is  not  fo  perfealy  free  from  that  ignobler  metal,  but 
that  a  folution  of  it  in  Aquafortis  wiU  give  its  tindhire  to  the  menftruum. 
jBut  we.ceuld  not  obfervc,  upon  the  folution  of  fome  filver  perfeftly  refiuM, 
.jthat  the  menftruum,  tho'  held  againft  the  light,  in  a  cryftal  vial,  manifeftly 
diiclosM  tiny  tincture  1  only  it  Ibmetimes  leemM  not  quite  deftitute  of  a 
teiy  £aint  bluifii  caft.  But 
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l^t^  of  all  die  metals,  there  is  not  one  which  fo  eafily  and  conftantly  Physics.* 
difclofes  its  coloiir  as  copper.  For,  in  acid  menftrua,  as  Aquafortis^  and 
fpirit  of  vinegar,  it  not  only  gives  a  bluiih  green  folutiohj  but  if  it  be  al- 
moft  anyway  corroded,  it  appears  of  one  of  thofe  two  colours.  And  fo 
conftant  is  the  difpofition  of  copper,  notwithftandine  the  difguizeartifts  put 
upon  it,  to  difcover  its  colour,  that  we  have,  by  forcing  it  up  with  lal- 
armoniac,  obtained  a  fublimate  of  a  bluiih  caft.  Nay,  a  ffimous  chymift 
affirms,  that  the  very  mercury  of  it  is  green ;  but  till  he  teaches  us  an  in* 
tdlUeible  way  of  making  fuch  a  mercury,  we  muft  content  ourfelves 
to  fay,  that  we  have  had  a  cupreous  body  precipitated  out  of  a  diftill'd 
liquor^  which  feem'd  to  be  the  fulphur  ot  that  metal,  and  even  when 
flaming,  appeared  of  a  greenifh  colour.  And,  indeed,  copper  is  a  metal 
ib '  eafily  wrought  upon,  by  liquors  of  feveral  kinds,  that,  I  might  iay^ 
1  know  not  any  mineral  which  concurs  to  the  produ^ion  of  fuch  a  variety 
of  colours,  as  copper  diiiblv'd  in  feveral  menftrua,  viz,,  fpirit  of  vin^r, 
.AquafirtiSy  Aqua  regia^  fpirit  of  nitre,  of  urine,  of  foot,  oils  of  feveral  kinds^ 
tXc.  if  the  variety  ef  diem  were  not  comprehended  within  the  limits  of 
greefiifli'blue,  or  bloifli  green. 

But  being  defirous  to  try  if  I  could  not  with  crude  copper  make  a 
^een  £)lutK>n,  without  the  bluifhnefs  that  ufually  accompanies  it,  I 
concluded  upon  two  menfhiia,  which,  tho'  I  had  not  known  employ M  to 
work  on  this  metal,  jnrov'd  fuccefsful  j  the  one  was  fpirit  of  fugar,  and 
die  other,  oil,  or  fpint  <^  turpentine;;  which  affords  a  fine  green  folutiooji 
nfefui  on  feveral  occafions.  And  yet  to  (hew  that  the  adventitious  co«* 
lour  may  refiilt  w  well  from  the  true  and  permanent  copper  it  feU^,  as 
the  falts  wherewith  'tis  corroded ;  if  you  take  a  piece  ot  good  DantzJck 
copperas,  or  any  other  vitriol  wherein  copper  is  predominant,  and  having 
moiftenM  it  with  £iir  water,  rub  it  upon  a  bright  piece  of  iron,  or  fteel  j 
it  will  (  as  we  have  formerly  faid  )  prefendy  ftain  it  with  a  reddiih  colour, 
like  that  of  omper. 

We  have  uxnetimes  try^d  what  colours  fuch  minerals  as  tin-glafSr^ 
antimony,  fpelter,  &c.  would  yield  in  feveral  menfbnia.  The  like  we  have 
alfo  done  with  ftones ;  amon2  which,  that  famous  one  call'd  bv  Helmont^ 
Paracelfus^s  Ludus,  has  aflbraed  in  menftrua  able  to  diilblve  lo  folid  a 
flone,  fometimes  a  yeilowifli,  and  fometimes  a  red  fblution.  And  from  mi« 
nerals  I  have  obtained,  with  feveral  menftrua,  very  different  colours ;  an  J 
fome  fuch,  as,  perhaps,  would  fcarce  be  e?q)eAecl  from  fuch  bodies. 

The  colours  of  metals  may,  in  many  detfes^  be  further  altered,  by  em-' 
ploying  either  precipitating  falts,  or  odier  convenient  fubfbances,  to  a£t 
upon  dieir  folutions.  If  quick-filver  be  diflfolvM  in  Aquafirtis^  and  preci- 
pitated out  of  the  fblution,  either  by  water  impregnated  with  fea-falt,  or 
the  fpirit  of  that  concrete,  it  falls  to  the  bottom  in  the  form  of  a  white  pow- 
der ;  but  if  precipitated  with  an  alkali,  it  a£fords  a  ydlowiih  powder :  and 
if  no  precipitation  be  made,  and  the  menftruum  be  drawn  (m  with  a  con*^ 
yenient  fire,  the  corroded  mercury  will  remain  at  the  bottom,  and  may  be 
inade  to  appear  of  difibrent  colours,  by  ^tiferent  degrees  <^  heat. 

Vol.  n.  O  Thus 
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Physics.  Thus  having  abftrafted  Aquafortis  from  Ibme  quick-filver  that  we  had 
3t/S^^^  difTolvM  in  it,  tUl  there  remainM  a  white  calx :  by  expolmg  that  to  feveral 
degrees  of  fire,  and  afterwards  to  a  naked  one,  we  obtained  fome  new 
colours  ;  and  at  length,  the  greateft  part  of  the  cabc  lying  at  the  bottom 
of  the  vial,  and  being  brought  partly  to  a  deep  yellow,  and  partly  to  a 
red  colour,  the  reft  appeared  elevated  to  the  top  and  neck  of  the  vial  j  fbme 
in  the  form  of  a  reddifh,  and  fome  of  an  am-colour*d  fublimate.  And 
even  the  fuccedaneum  to  a  menftruum,  may  fometimes  ferve  to  change  the 
colours  of  a  metal.  The  lovely  red,  which  painters  call  vermilion,  is  made 
of  mercury,  which  appears  of  the  colour  of  lilver ;  and  of  brimftone,  which 
refembles  that  of  gold,  fubUm'd  up  together  in  a  certain  proportion. 

49.  The  third  of  the  principal  Vrnds  of  adventitiom  colours  in  metals, 
is  that  produced  bv  aflbciating  them,  efpecially  when  calcined  with  other 
fufible  bodies,  and  eipecially  Venice,  and  other  fine  colourlefs  forts  dT 
glafs. 

I  formerly  gave  an  example  of  a  metal,  imparting  a  colour  to  glafs^ 
Vfery  different  firom  its  own,  in  (hewing  how  filvcr  turns  it  to  a  lovely 
golden  colour ;  I  fliall  now  add,  that  tho'  I  learned  from  one  of  the  chief 
artificers  in  painted  glafs,  that  thofe  of  his  trade  colour  it  yellow,  with  a 

S'eparation  of  the  calx  of  filver ;  yet,  having  mix'd  a  few  grains  of 
ell-filver,  fuch  as  is  empbv'd  with  the  pencil  and  pen,  with  a  conve- 
nient proportion  of  powder  d  cryftal-glafs,  and  kept  them  for  two  or 
three  hoxurs  in  fufion,  I  was  fjzrpriz'd  to  find  the  melted  mafs  appear^ 
upon  brcakii^  the  crucible,  of  a  lovely,  fapphirine  blue  :  which  made  me 
fufpeft  my  lervant  might  have  brought  me  a  wrong  crucible ;  but  he 
conftantly  affirmed  it  to  be  the  lame  wherein  the  filver  was  put ;  and 
confiderable  circumftances  coimtenanc'd  his  affertion :  whence,  till  farther* 
trial,  I  fufpeft  either  that  filver,  which  is  not  very  probable,  brought  to  a 
perfeft  fufion  with  glafs,  may  impart  other  colours  thereto,  than  when  neal'd 
upon  it ;  or  elfe,  which  is  lefs  unlikely,  that  tho'  filver-bcaters  ufually 
cnufe  the  fineft  coin  they  can  get,  as  that  which  fnreads  moft  under  the 
hammer ;  yet  the  leaf-fUver,  whereof  this  Ihell-filver  was  made,  might 
retain  fo  much  copper,  as  to  give  the  predominant  tindlure  to  the 
glafs. 

Take  it,  as  another  inftance  of  the  adventitious  colours  of  metals,  that 
tho*  copper,  calcined  per  fe,  aftbrds  but  a  dark  and  bafely  coloured  calx, 
yet  the  glafs-men  tinge  their  glafs  green  therewith.  And,  I  remember, 
when  taking  fome  crude  copper,  and  by  frequent  ignition,  and  quenching 
it  in  water,  till  we  had  reduced  it  to  a  darkifli-colour'd  powder ; 
and  afterwards  keeping  it  in  fufion  in  about  a  hundred  times  its  weight 
of  fine  glafs,  we  obtained  a  blue-colour*d  mafs,  which  wouM,  perhaps, 
have  been  green,  if  we  had  hit  upon  the  right  proportion  of  the  materials, 
the  degree  of  fire,  and  the  time  wherein  it  ought  to  be  kept  in  fufion. 
But  tho'  copper  thus  gives  fomewhat  near  the  like  colour  to  glafs,  that  it 
communicates  to  Aquafortis;  yet  it  feems  worth  inquiring,  whether  thofe 

new  colours^  which  mineral  oodies  difclofe  in  melted  glafs^  proceed  from 
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the  coalition  of  the  corpufcles  of  the  mineral  with  the  particles  of  the    Physicj. 
glafs,   or  from  the  ^ftion  of  the  alkaline  fait   (a   principal   ingredient  ' 
of  glafs)   upon  the  mineral  body ;  from  the  concurrence  of  both  thefe 
■caufes,  or  from  any  other. 

We  may  obferve,  that  putty,  made  by  calcining  together  a  proportion 
of  tin  and  lead,  as  it  is  itlelf  a  white  calxj  fo  it  turns  the  matter  of  the 
purer  fort  of  glafs,  wherewith  it  is  melted,  into  a  white  mafs  ;  which,  if  it 
prove  opake  enough,  is  employed  for  white  amel. 

When  the  materials  of  glafs,  melted  with  calcin'd  tin,  have  compo- 
fed  an  opake  white  mafs ;  'tis  made  the  bafis  of  all  thofe  fine  con- 
cretes the  goldfmiths,  and  feveral  artificers  employ  in  the  curious  art  of 
enamelling  :  for  this  white  fufible  fubftance  receives  and  prefervcs  the 
colours  c*  many  other  mineral  fubftances,  which,  like  it  felf,  will  endure 
the  fire. 

And,  as  it  appears,  that  feveral  minerals  will  impart  to  fufible  maffes, 
-colours  different  from  their  own  ;  fo,  by  the  making  and  compounding  of 
amels,  it  is  manifefl,  that  many  bodies  will  both  retain  their  colour  in  the 
fire,  and  impart  the  fame  to  fome  others  wherewith  they  were  vitrify 'd. 
Thus  we  formerly  faw,  that  a  blue  and  yellow  compofed  a  green  amel. 
And  'tis  pretty  to  fee,  that  fome  colours  are  of  fo  fixed  a  nature,  as  to  be 
capable  of  mixture,  without  receiving  any  damage  from  the  fire ;  and 
that  mineral  pigments  may  be  mix'd  by  it,  almoft  as  regularly  and  fuc- 
xrefsfully  as  the  vulgar  colours,  by  the  help  of  water,  in  the  vats  of 
dyers. 

Both  metalline,  and  other  mineral  bodies,  may  be  employed  to  give  tih- 
fhires  to  glafs ;  and  'tis  worth  obferving,  how  fmall  a  quantity  of  fome 
mineral  fubflances  will  tinge  a  comparatively  vaft  proportion  of  it. 
We  have  fometimes  attempted  to  colour  glafs  even  with  precious  ftones  ; 
and  had  no  caufe  to  think  the  experiment  ill  beftow'd.  'Tis  known  that 
the  artificers  in  glafs  tinge  their  metal  blue,  with  that  dark  mineral,  zaffbra, 
which  fome  would  have  to  be  a  mineral  earth  ;  others,  a  flone ;  and  others, 
a^in,  neither  ;  but  it  is  confeffedly  of  a  dark,  not  a  blue  colour.  'Tis, 
liewife,  a  remarkable  practice  among  them,  that  they  employ  mancanefe 
to  exhibit  in  glafs,  not  only  other  colours  than  its  own,  (wherein  it  is  fo 
like  to  the  load-ftone,  that  it  is  given  by  mincralifls  for  one  reafon  of  its 
Latin  name  Magnefia)  but  colours  different  from  one  another  :  for  tho'  they 
life  it  to  clarify  their  glafs,  and  free  it  from  that  bluifh  greenifh  colour, 
which  it  wou  d  otherwife  be  fubjeft  to  ;  yet  they  alfo  emplry  it  in  cer- 
tain proportions,  to  tinge  their  metal,  both  with  a  red  colour,  and  with  a 
purplifh,  or  murrey  ;  and,  by  putting  in  a  greater  quantity,  they  alfo  make 
with  it  that  deep  obfcure  glafs,  which  pafles  for  black.  And  this  agrees 
very  well  with  what  we  formerly  obferv'd  of  the  apparent  blacknels  of 
thole  bodies  that  are  over-charg'd  with  the  corpufdes  of  fuch  pigments,  as 
are  red,  blue,  green,  &c. 

-     •  .    * " "    '\  l^ 
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Pmrsics.  And  as  bv  fevcral  metals,  and  other  minerals^  we  can  give  various  oo- 
\y^C\J  lours  toglais  ;  fb,  on  the  other  hand,  from  the  different  colours  that  mineral 
^m&S^^^^  or  other  mineral  oowders,  by  being  melted  with  glafs,  ifdofc 
««•  ther€in»  a  probable  conjeChire  may  be  often  made  of  the  metal,  or  known- 

mineral,  that  a  proposed  ore  either  contains,  or  is  neareft  allied  to. 
And  this  eafy  method  of  examining  ores,  may,  in  fome  cafes,  prove  very 
lerviceable  ;  but  great  circumfperaon  is  requisite  to  keep  it  from  proving 
fallacious^  upcxi  accoimt  of  the  variations  of  colour,  producible  by  the  diffe- 
rent proportions  that  may  happpen,  betwixt  the  ore  and  the  glafs ;  by  the  ^ 
richnefs  and  popniefs  of  the  ore  it  felf ;  by  the  dieg;ree  of  fire  ;  and  efpeci- 
ly  by  the  length  of  time,  during  which  the  matter  is  kept  in  fufion. 

There  is  another  way,  different  from  thofe  already  mentioned,  whereby 
metals  may  be  brought  to  exMbit  adventitious  colours.    And,  in  this  cafe, 
the  metal  does  not  lb  much  impart  a  colour  to  another  body,  as  receive 
one  from  it ;  or  rather,  both  bocUes,  by  the  new  texture  refulting  from 
their  mixttire,  produce  a  new  colour.    I  will  not  here  infift  upon  the  ex* 
lunples  aflfbrded  us  by  yellow  orpiment,  and  common  fea-falt ;   from 
which,  fiibliined  together,  chymins  unanimoufly  afl^rm  their  white  or  - 
oyftaUine  arienic  to  be  made :  but  'ris  worth  noring,  that  tho'  yellow 
qarpiment  be  acknowledged  by  far  die  mofl  predonunant  of  the  twa  ingre^ 
dientsofarfenicj  yet  anenic,  duly  added  to  thehigheft  coloured  metal, 
copper,  when  in  fufion,  gives  it  a  whitenefs  both  within  and  without* 
Thus,  alfo,  Lafis  CaJaminaris  changes  and  improves  the  colour  of  copper, 
by  tormn^  k  into  bra£s«    And  I  have  ibmetimes,  by  the  help  of  zink,  du- 
ly mixed  a^  a  certain  manner,  given  to  copper  as  rich  a  golden  colour- 
as  ever  I  &w  in  the  befl  true  gold. 
<W  -g^  *g:     Upon  knowing  the  di£ferent  methods  of  producinjg  the  adventitious  co- 
JJj^  •""^'^  lours  of  metals  and  minerals  in  bodies  capable  ofvitrification,  depends* 
the  pretty  art  of  making  counterfeit  gems :  for  whiMl  pure  fand,  or  cal- 
cined cryftal,  gives  the  body  in  their  preparation ;  Vis^  for  the  mc&  part, 
fome  metalline  or  mineral  calx,  mixed  in  a  fmall  proportion  with  it,  that  - 
ives  the  Qok>ur.    Calcined  lead,  fufed  with  fine  white  fand,  or  cry^ 
ad,  reduced  by  ignitions  and  fubfequent  extinftioAs  in  water,  to  a  fub- 
tile  powder,  will,  of  itfelf,  be  broi^t,  by  a  due  decoftion,  to  give  a 
clear  mafs,  coloured  like  a  Gtrman  ametl^rfL     But  this  colour  may  be 
eafily  over-powered  by  thofe  of  feveral  other  mineral  pigments,  fo  that  with 
&  glafs  of  lead  you  may  emulate  the  frefli  and  lovely  ^reen  d*  an  emerald ; 
tho*,  in  many  cafes,  the  colour  vAiidti  the  lead  itlelf,  upon  vitrification, 
tends  to,  may  vitiate  that  of  the  pigment  defign'd  to  appear  m  the  mafs. 
Thefe  colours  alfo  depend  (b  much  upon  the  texture  of  the  materials,  that 
we  have  made  the  glafs  of  lead  itfelt,  compofed  of  about  three  parts  of 
litharge,  or  Mimumy  fufed  with  one  of  cryflal,  or  fand,  very  finely  pow- 
dered, pafs  thro'  different  colours,  according  as  we  kept  it  more  or  lefs 
in  fufion.    But  the  degrees  of  coftion,  and  other  circumflances,  may  fo 

jraxy  the  colour  produced,  that,  in  a  fmall  crucible,  I  have  had  frag- 
ments 
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2nents*of  die  fame  mafs ;  in  fome  of  which,  perhaps^  not  fo  t^  as  a  hazel-^  Phtsics. 
nut,  four  diftin£l  colours  might  be  difcerned.  ^OT^ 

Befides  the  three  mentioned  forts  of  adventitious  colours  in  metals, 
there  may  be  others  reducible  under  the  fame  head;  of  which  Ifhallin- 
flance  only  in  two.  ;  . 

The  firft  is  a£brded  us.  from  the  praftice  of  fcarlef-dyers.    A  moft  fa- 
mous mailer  in  this  art  aiTured  me,  that  neither  he,  nor  others,  can 
ftrike  the  lovely  colour,  called  the  bow-dye,   unlefs  their  materials  be 
boiled  in  veiOfels  of  a  particular  metal.    Secondly,  metals  will  aflford  un^ 
common  colours,  by  imbuing  feveral  bodies  with  fblutions  or  them,  made 
in  proper  menfhnia.     Thus,  tho'  copper,  plentifully  diifolved  in  Aqua 
fortis,  will  communicate  to  feveral  bodies  the  colour  of  that  fjblution ;  yet 
fome  other  metals  will  not ;  as  I  have  often  try,M.    Gold,  diiTcJlved  in  Aqua . 
regiOj  dyes  the  nails  and  skin,  the  hafts  of  knives,  and  other  diings  made 
of  ivory,  not  with  a  yellow,  but  a  purple  a^ur  ,•  which,  thoMt  manifeft . 
itfelf  but  (lowly,  is  very  durable,  and  can  icarce  ever  be  wafhed  out. 
Thus  we  formerly  fitid,  that  the  purer  cryftals  of  fine  filver  made  with . 
Aqua  fmisy  tho'  tney^appear  white,  will  prefentjy  dye  the  skin  and  nails  of  ' 
a  black,  not  to  be  warned  off  like  ordinary  ink.    And  many  other  bodies  - 
may,  in  the  fame  manner,  bedy'd,  fome  of  a  black,  .and  others  xf  a., 
blackifh  colour. 

Min^  folutions,  alfo,  may  produce  colours  different  from  Aofe  of  4*^^*^ 
the  liquors  themfelves.    I  fhall  not  fetch  an  example  of  this  from  whatSri^^ 
happens  in  the  falung  of  beef,  which  often  appears  green,  and  fome-i^  ^^m^ 
times  of  a  reddifli  colour,  when  bcul'd ;  nor  ihiall  I  inuft  on  the  pradice . 
Q£giving, .  by,fait-peter,  and  a  certain  proportion  of  common  fait,  a  fine 
lecmefs  to  uich  flefh  as  would  otherwue  iappear  purely  white :  I  rather 
chufe  tofay,  that  I  have  feveral  times-found  a  fdution  of  the  fulphur  of 
vitriol,  or  even  of  common  fidphur,  tho' the  liquor  appeared  clear,  imme* 
diately  to.  tinge  a  piece  of  new  coin,  or  other  clean  nlver,  fSnnetimes  with 
a  golc£en,  fiunetimes  with  a  deeper,  and  more  reddiih  colour ;  aocorcUng 
to  the  fhrength  of  the  fbludon,  and  the  quantity  of  it,  that  cbanced  to  ad- 
here to  the  metal.    This  renders  it  the  lefs  furprizing,  that  the  water  of 
the  hot  fpring  at  Batb^  abounding  with  diffolvea  fiibflances  of  a  very  ful- 
phureous  nature,  ihould,  for  a  while,  tinge  fuch  pieces  of  coin  yellow,  as 
are  for  a  due  time  immerfed  in  it.    And  even  vegetable  liquors,  whether 
by  degeneration,  or  by  altering  the  texture  of^the  body  that  imbibes 
them,  may  flain .  other  fubflances  with  colours  very  difierent  from  their 
own.    'Tis  affirmed,  that  the  green  juice  of  Alcanna  dyes  the  skin  and. 
nails  of  a  lafting  red. 

50,  Meeting,  in  an  Italian  author,  with  a  way  of  preptting  what  hetbe  ••<*i*^ 
calls  a  Laccaoi  vegetables,  by  which  the //^a/iVmx  mean  a  kindof  extraft0!J!^*^J^^ 
fit  for  painting,  like  that  rich  Lacca,  in  EngUfl)  commonly  call'd  lac,^  em- 
ployed by  painters  as  a  glorious  red;  and. finding  the  experiment  confide- 
rable,  but  very  imperfealy  related,  we  improved  upon.it  in  the  following 

manner : 
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Physics,  manner :  tho*  the  thing,  as  there  delivered,  is,  by  the  Italians y  efteem'd  a 
j^'>r\J  great  lecret. 

Put  what  quantity  of  powdered  turmeric  you  pleafe  into  fair  water ; 
adding  to  every  pound  of  that  liquor  a  large  fpoonful  of  a  very  ftrong 
lixivium  of  pot-aflies,  clarily^d  by  filtration  ;  let  all  this  fimmer  over  a  foft 
fire  in  a  clean  glazed  earthen  veffel,  till  you  find,  by  the  immerfion  of  a 
fflieet  of  whfte  paper,  that  the  liquor  ismfficiently  impregnated  with  the 
edlden  tinftufe  of  the  turmeric :  then  take  the  decoftion  off  the  fire,  and 
fikre  or  ftrain  it ;  and  afterwards,  leifurely  dropping  into  it  a  ftrong  fo- 
lution  of  roch-alum,  the  decoftion  will,  as  it  were,  oe  curdled  ;  ancf  the 
tinged  part  of  it  either  emerge,  fubfide,  or  fwim  up  and  down  in  little 
yellow  flakes :  when,  if  you  pour  this  mixture  into  a  funnel,  lined  with 
cap-paper,  the  liquor  that  formerly  filtred  yellow,  will  now  pafs  clear, 
and  leave  its  tinged  parts  behind  in  the  filtre  j  into  which  fair  water  muft 
be  fo  often  poured,  till  the  matter  therein  contained  be  dulcify *d  ;  that  is, 
till  the  water  paCfes  thro'  it,  as  taftelefs  as  when  it  was  poured  on.    But 
if,  without  filtration,  you  would  obtain  the  flakes  of  this  vegetable  lac, 
pour  a  large  quantity  of  fair  water  upon  the  decoftion,  after  the  affufion 
of  the  aluminous  ftlution ;  and  you  fnall  find  the  liquor  to  grow  clearer, 
•and  the  lac  to  fettle  together  at  the  bottom,  or  emerge  to  the  top  of  the 
water :  tho',  fometimes,  having  not  employed  a  fufficient  quantity  of  fair 
water,  the  lac  has  partly  fubnded,  ana  partly  emerged,  leaving  all  the 
liquor  clear  in  the  middle.    But,  to  make  this  lac  fit  for  ufe,  it  muft,  by 
repeated  affiifions  of  frefli  water,  be  dulcifyM  from  the  adhering  falts,  as 
well  as  that  fe^rated  by  the  filtre  j  and  be  fpread  to  dry  leifurely  upon 
|)ieces  of  cloth,"with  brown  paper,  chalk,  or  bricks  under  them,  to  imbibe 
the  moifture. 
"**  ^^^?     *Tis  fuppofed,  that  the  magiftery  of  vegetables,  obtained  by  this  means, 
S!l  if  mcid]  cortfifts  Only  of  the  more  foluble  and  coloured  parts  of  the  reipeftive  plant 
2[»  ^J*"*^^  that  affords  it.    But  I  muft  take  the  liberty  to  quefHon  the  fuppofition ; 
*f*/rf/,^r'«'for,  according  to  my  notion  of  falts,  alum,  tho*  to  fcnfe  a  homogeneous 
**•*  body,  ought  not  to  be  reckoned  among  true  falts,  but  is  to  be  lookM  iipon 

as  a  kind  of  magiftery  ;  fince,  as  native  vitriol  contains  both  a  faline  fub- 
ftance,  and  a  metal  corroded  and  alfociated  with  it ;  fo  alum,  (which  is  Co 
near  allied  to  \itriol,  that,  in  feme  places  of  England^  the  fame  ftone  will 
fometimes  afford  both)  fcems  manifeftly  to  contain  a  peculiar  kind  of  acid 
dfoirit  generated  in  the  bowels  of  the  earth,  and  a  kind  of  ftony  matter  dif- 
lolved  by  it.  In  making  our  ordinary  alum,  'tis  true,  the  workmen  ufe 
the  aflies  of  a  fea-weed,  vulgarly  called  kelp,  and  urine ;  yet  I  am  in- 
fonn'd,  that  here  in  England,  there  is,  beliacs  the  faftitious  alum,  ano- 
ther fort  made  by  nature,  without  the  help  of  thofe  additions.  Now, 
confidering  this  compofition  of  alum,  and  that  alkaline  falts  precipitate 
what  acid  ones  have  dilTolvcd ;  I  could  not  but  fufpeft  that  the  curdled 
matter,  calfd  the  magiftery  of  vegetables,  may  have  in  it  a  confiderable 
proportion  of  a  ftony  fubfUnce,  precipitated  out  of  the  alum  by  the  lixi- 
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vium  wherein  the  vegetable  had  been  bdled.  And,  to  Ihew  there  is  no  Physics. 
neceffity  that  all  the  curdled  fubftance  muft  belong  to  the  vegetable ;  I  took 
a  ftrong  folution  of  alum,  and  having  filtred  it ;  by  pouring  in  a  convenient 
quantity  of  a  ftrong  folution  of  pot-afhes,  I  prefently  turned  the  mixture 
into  a  white  curdled  matter ;  which,  committed  to  the  filtre,  left  a  great 
quantity  of  a  very  white  ftony  calx,  that  feem*d  to  be  of  a  mineral  na- 
ture, as  well  from  other  figns,  as  that  little  bits  of  it  being  put  upon  a  live 
coal,  they  did  neither  melt,  nor  fly  away,  whilft  that  was  blown  upon ; 
and  a  quantity  of  this  white  fubftance,  Being  for  a  long  time  kept  in  a 
red-hot  crucible,  was  neither  diminiflied  nor  fpoiled  :  hot  water  too, 
wherein  I  kept  another  parcel  of  fuch  calx,  feem'd  only  to  wafh  away  the 
loofer  falts  ffom  the  ftony  fubftance.  And  I  have,  by  gentle  exhalation, 
recovered  from  the  liquor  that  pafled  thro*  the  filtre,  and  left  this  calx  be- 
hind, a  body,  in  appearance  like  fait ;  for  ^twas  very  white,  and  confifted 
of  innumerable  exceeding  flender  fliining  particles,  which  would,  in  part, 
eafily  melt  at  the  flame  of  a  candle,  and,  in  part,  fly  away  with  feme 
little  noife.  I  have  likewiie,  with  urinous  &lts,  fuch  as  the  ipirit  of  fkl- 
armoniac,  as  well  as  with  the  foirit  of  urine,  and  even  with  ftale  urine 
undiftilled,  eafily  precipitated  fucn  a  white  calx  out  of  a  limpid  folution  o£ 
alum.  Upon  the  whole,  circumfpeftion  is  required  in  judgmg  of  the  na- 
ture of  aluminous  liquors  by  precipitation ;  otherwife,  we  may  fbmetimes 
imagine  that  to  be  precipitated  out  of  a  liquor  by  alum,  which  is  rather, 
precipitated  out  of  alum  by  the  liquor. 

This  method  of  making  lacs  we  have  alio  praftifed  with  madder,  which 
yielded  us  a  red  lac  ,•  and  with  rue,  which  afforded  an  extraft  nearly  of 
the  fame  colour  with  that  of  its  leaves.    But,  becaufe  'tis  here,  principally, 
the  alkaline  fait  of  the  pot-afhes,  which  enables  the  water  fo  powerfully 
to  extraft  the  tindbire  dP  the  vegetables ;  I  fear  the  decoftion  will  not  al- 
ways be  of  the  very  i&me  colour  with  the  vegetable  it  is  made  of.    For 
lixivious  falts,  tho',  by  penetrating  and  opening  the  bodies  of  vegetables, 
they  prepare  and  difeofe  them  to  part  with  their  tindture  readily ;  yet  they 
not  only  draw  out  fome  tinftures,  but  likewife  alter  them :  as  will  eafily 
appear  from  feveral  of  the  experiments  already  delivered. .    And  tho* 
alum  be  of  an  acid   nature,  and   may,  in  fome  cafes,  deftroy  the  ad- 
ventitious colours  produced  by  the  alkali,  and  reftore  the  former ;  yet  we 
have  produced  examples,  that,  in  many  cafes,  an  acid  will  not  reftore  a 
vegetable  fubftance  to  the  colour  deftroy *d  by    an  alkaline  fait ;   but 
make  it  aflume  a  third,  very  different  from  both.    Befides,  I  have,  after 
this  manner,  made  magifteries  of  brazil,  of  cochineal,  and  of  other  things, 
red,  yellow,  or  green ;  that  appeared,  fome  of  them,  of  a  rich  colour, 
and  others  of  no  bad  one :  in  fome,  however,  the  colour  of  the  lac  feem'd 
rather  inferior  to  that  of  the  plant ;.  and  in  others  again,  both  very  difte- 
jent,  and  much  worfe. 

But  'tis  time  to  conclude  this  sketch  of  a  hiftory  of  colours. 
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r  (hall  attempt  to  build  ao  theory  *  upon  the  experiments  and  obferra- 

tions  here  delivered ;  but  leave  the  fubjeft  to  the  profecution  of  others. 

I  only  make  it  mj^  requeft,  that  the  reader  would  not  prefently  conclude 

me  miftaken  in  giving  the  matters   of  faft  concerning  the  changes  of 

colours  fet  down,  tho'  he  fliould  not  immediately  find  them  exaftly  agree- 

4ible  to  his  own  experiments.    For,  befides  the  contingencies  to  which  this 

•kind  of  tryals  is  obnoxious,  the  omiffion  or  variation  of  a  feemingly  in- 

condderable  circumftance,   may  hinder   the  fuccefs  of  an  experiment. 


'^Froni  the  difcovetifls  of  Sir  If.  New- 
ion  we  may  now  fettlo  the  whole  theory 
of  colours;  which,  as  it  regards  naturu 
4>odies»  is,  in  fliort,  this. 

Firft,  *tif  found  by  experience,  that  the 
rays  of  light  are  compofed  of  diffimilar 

Cntclei ;  that  is,  feme  of  them  arCi  pro- 
Mv,  larger  than  others :  as  appears  from 
cneir  aniei  eut  retrangibuinf • 

%.  Thofe  paitlclet  of  £ght  which  are 
moft  refrafied,  make  rays  of  a  violet  co- 
lour; that  is,  the  moft  minute  particles 
'flight,  being  thus  (eparately  colle&ed, 
probably  excite  the  fhorteft  vibrations  in 
the  Retina  \  which  Are  thence  propagated 
to  the  brain,   aloqg  the   fohd  O^iUn^ 
tnentn   of  the  optic  nerves,   and  there 
•  excite  the  fenfe  of  a  yiolet  colour,  the 
moft  Biiot  and  languid  of  all  colours ; 
whilft  the  pardcltt  which  are  leaft  re- 
firaQed,  mase  a  red  ray ;  that  is,  the 
greateft  particles  of  light  make  the  long- 
eft  vibrations  in  the  Kttina ;  and  fo  excite 
'  the  feniacion  of  red,  the  moft  vivid  co-  I 
lour :  the  other  part^iclcs,  according  to 
their  feveral  intermedliate  degrees  of  mag- 
nitude and   refrangibility,   exciting  the 
intermediate  colours;  almoft  in  the  lame 
manner  as  the  vibrations  of  the  air,   by 
'their  different  magnitudes,  caufe  different 
ieunds.  . 

5.  The  colours  of  thefe  rays  are  not  ad- 1 
ventitious  modifications  of  tneip,  but  ori- 

E\  primitive,  and  neceflaiy  oropetties, 
nding,  jprobably,  upon  tlie  magni- 
s  of  their  parts ;  andf  being  con&nt 
h-aiKl  immutable,  they  are  unalterable  by 
^oy  fartiier  refraftion,  reflexion,  or  other 
^modification  whatever. 

4*  As  light  is  leparated  into  rays  of  dif- 
ferent co&urs  by  the  refraSions  of  a  glafs 
^rifm,  and  other  grof* bodies;  fo  it  is  dif- 
ferently reparable  by  very  thin  plates  of 
mnytranfparent  matter.;  forallfuch  plates 


that  luive  lefs  than  a  determinate  thick- 
nefs,  fufter  the  rays  of  all  colours  to  pais 
thro'  them,  and  refleS  none :  but  as  their 
thicknels  is  increafed  in  an  arithmetical 
proportion,  they  begin  to  refleft,  firft  the 
blue  rays,  their-f^o  green,  yellow,  and 
pure  red ;  neyf,  the  blue,  green,  yellow, 
and  red,*  more  dilute  and  mixed ;  till  at 
length,  at  a  certab  thicknefs,  they  refled 
all  the  rays  of  light  intimately  united  to- 
gether, as  they   fall  thereon  ;  that  is, 
white.    But  on  ^atever  parts  thefe  thin 
plates  refleS  any  colour,  as  blue  for  in* 
ttanoe,  they  there  traofmit  the  contrary 
colour;  as,  in  this  cafe,  a  red  or  yellow* 
5*  Now  all  natural  bodies  confift  of 
verv  thin  tranlparent  plates,  which  being 
lb  laid  together,  that  no  refleSions  or 
refra&ions  can  be  made  in  their  intcrfti- 
ces  the  body  becomes  tranfparent :  but 
if  the  diftances  between  them  are  fo  great, 
or  fiU'd  with  fuch  a  matter,   or  are  £6 
empty  of  matter,  that  many  reflexions 
and  refraQions  are  made  within  the  bo* 
dy,  this  bKxly  will  be  opake*    And,  there- 
fore, tho(b  opake  bodies  which  confift  of 
the  thinneftputes,  are  black;  thofe  which 
confift  either  of  the  thickeft,  or  of  fuch 
as  differ  greatly  in  their  thicknefs  from 
one  another,  whence  confequently  they 
become  fit  to  vetLeSt  all  colours,  are  white : 
but  fuch  as  confift  of  plates  of  diflerent  in- 
termediate thicknefles,  are  blue,  sreen, 
Jellow,  or  red;  becaufe  they  foverafiy  re- 
e&  the  rays  of  thofe  colours  more  copiou(^ 
]y  than  the  other  rays,  which  they  either 
in  great  meafure  ftine  and  abforb,  or  foroe- 
dmes  tranfmin  And  hence  it  is,  that  forae 
liquors  appear  red,  or  yellow,  by  refleded 
light,  but  blue  by  tranfmitted  light;  and 
that  leaf-gold  appears  yellow  by  the  for- 
mer, but  green  by  the  latter,  S^r.    See 
ClMrk.  AmfdtAt.  in  Robanlt.  p.  194>  195*   ^ 
Ntmton.  Oftic.  p^  jao^-ji},  &  alibi  ftfsim. 
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^btietaii  no  bditf  fiiult  has  been  committed.  Thus  in  dyiog  fcailet,  tbo*  Fhtsics,' 
you  IboiUdJbeevay  inEredieot  that  is  u£ed  about  it  j  tho'  ilhoald  parti-  <yy^^. 
cuiuly  vi£sTa  you  cf  toe  wa^t  of  eadi ;  and  tho'  you  fhould  be  pment 
at  the  kindling  of  the  fire,  and  at  the  increaling  and  remitting  of  it, 
whenever  the  d^ree  of  heat  is  to  be  altered ;  and  tho',  in  a  word,  you 
jhould  {ee  eTerv  thing  done  £0  partiflularly,  that  you  would  icarce  har- 
bour the  kaft  aoiibt  m  your  comprehending  the  ii^le  art :  yet  if  I  fliould 
no(  tell  you,  that  the  vcwiels,  ^hich  ipuKduuely  contain  the  tinging  inero- 
^eoits,  are  to  be  made -of,  or  lined  i^th  tin  j  you  would  never  be  aolc, 
by  a  (hie  <A>fervance  of  all  the  other  circnmftuices»  to  bring  the  tin£ture  ct 
cochineal  to  ^ve  a  per&A  ftas^ed 
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Into  the  Vulgar 
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NATURE. 


SECT.    I. 

AS  the  human  foul  is,  it  fdf,  a  true  and  pofitive  Being,  Vis  apt  to  con- 
ceive all  other  things,  as  fuch.    But  this  propenfity,  I  fear,  makes 
us  think  and  fpeak  of  ctumerical  things,  and  of  negations  or  priva- 
tions, as  of  true  and  pofitive  Beings. 

We  ihould,  therefore,  be  very  careful  of  being  infenfibly  mif-led  by 
fuch  an  innate  and  unheeded  temptation  to  error,  as  we  bring  into  the 
world  with  us.  And,  perhaos,  among  other  particulars,  in  which  this  de- 
luding propenfity  of  oiu"  minds  has  too  great  an  influence ;  it  may  have  im- 
post on  us,  in  the  notion  we  ufually  tramc  of*  nature,  Now,^  this  notion 
beine  the  firuitful  parent  of  others ;  and  being  fo  general  in  its  applications, 
and  miportant  in  its  influence,  we  ought  not  over-eafily  to  admit  it :  doubt- 
lefi,  it  moft  highly  deferves  to  be  warily  examined,  before  it  be  throughly 
entertained. 

I  have  fometimes  ferioufly  queftionM,  whether  the  vulgar  notion  of  nature,' 
has  not  been  both  injurious  to  the  glory  of  God,  and  a  great  impeiimens 
^l^to  the  folid  and  ufeful  difcovery  of  his  works. 


^    ji  free  Jhqitiry,  &c  icff 

For,  it  £bems  tx>  idetra£t  from  the  honour  of  the  great  author  and  go«  Physics^ 
Vemour  of  the  world ;  that  men  fhould  afcribe  moft  of  the  admirable  things 
to  be  met  with  in  it,  not  to  him,  but  to  a  certain  nature,  which  themfelves 
do  not  well  know  what  to  make  of.  ^s  true,  manjr  confefs  that  this 
nature  is  a  thing  of  his  eftablifhing,  and  fubordinate  to  him ;  but,  tho'  they 
own  it,  when  they  are  ask'd  the  queftion,  yet  there  are  fcveral,  who  feldom 
or  never  regarded  any  higher  caufe.  And  whoever  takis  notice  of  their 
way  of  afcribing  things  to  nature,  may  eafily  difcem,  that,  whatever  their 
words  fometimes  are,  the  agency  of  God  is  little  in  their  thoughts.  Doubt- 
lefe,  it  fliews  the  wifdom  of  God,  to  have  fb  fram'd  things  at  firft,  that 
there  can  feldom  or  never  need  any  extraordinary  interpontion  of  his  pow- 
er ;  or  the  employing,  from  time  to  time,  an  intelligent  overfeer,  to  regu-* 
late,  affift,  and  control  the  motions  of  matter. 

Ariftotle,  by  introducing  the  notion  of  the  eternity  of  the  world,  in  moft 
men's  opinion,  at  leaft,  openlv  deny'd  to  God  the  produ6Hon  of  it ;  and  by 
afcribing  the  admirable  worKS  of  the  divine  Being,  to  what  he  calls  nature, 
tacitly  denies  him  the  government  thereof. 

But  my  opinicm  hinders  me  not  at  all  from  acknowlec^ng  God  to  be 
the  author  of  the  univerle,  and  the  continual  preferver  and  upholder  of  it 
(which  is  much  more  than  the  peripatetic  hypothefis  allows )  for  thofe 
tilings  which  the  Ichool-philofophers  a&ribe  to  the  agency  of  nature,  inter- 
pofing  upon  emergencies,  I  alcribe  to  the  wifdom  of  God,  in  the  firft  fe- 
bric  of  the  univene  ;  which  he  fo  admirably  contrivM,  that,  if  he  but 
continue  his  ordinary  and  general  concourfe,  there  will  be  no  necefllty  of 
extraordinary  interpofitions  :  fo  that  mere  matter,  particularly  determined, 
Ihall,  in  certain  conjunftures  of  circumftances,  do  all  that  philoibphers 
afcribe  on  fuch  occafions,  to  nature. 

This  notion  is  more  refpeftful  to  a  divine  Being,  than  to  imagine,  as  we 
commonly  do,  that  he  has  appointed  an  intelligent  and  powerfxil  asent,  as 
his  vice-gerent,  continually  to  watch  for  the  good  of  the  univerle  in  ge-^ 
neral,  and  of  the  particular  bodies  that  compofe  it ;  whilft  this  Being  ap- 
pears not  to  have  the  skill,  or  the  power,  to  prevent  fuch  irregularities  as 
often  prove  deftrudHve  to  multitudes  of  animals,  and  other  noble  crea- 
tures, as  in  plagues,  &c.  and  fometimes  prejudicial  to  greater  portions  of 
the  univerfe,  as  in  eanh-quakes^  &c. 

But  farther,  whilft  men  indulge  themfelves  fo  gefteral  and  eafy  a  way 
of  folving  difficulties,  as  to  attribute  them  to  natxire ;  fiiame  will  not  reduce 
them  to  a  more  induftrious  fearch  after  the  reafbns  of  things ;  nor  curiofity 
it  fclf  greatly  move  them  to  it.  Thus  the  caufe  of  the  aftent  of  watei*  in 
pumps,  and  other  phenomena  of  that  kind,  had  never  been  known,  if  the 
moderns  had  acquieiced  in  that  imaginary  one,  that  the  world  was  genrem'd 
by  a  watchful  Being,  call'd  nature,  who  abhors  a  Vacuum  i  and  coni^uent* 
iy  is  always  ready  to  do  whatever  is  neceflary  to  prevent  it. 

And  the  veneration  men  commonly  have  for  what  they  call  na^ 
ture,  has  obftrufted  and  confined  the  empire  of  man  over  the  inferiout 
creatures.    For  many  have  look'd  upon  it  as  impoflible  to  compafs,   and 

Y  %  others^ 
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nature 
look  upon 
her  as  fuch  a  venerable  thing,  fome  make  a  icrutde  of  confcience  to  en- 
deavour fo  to  imitate  any  of  her  works,  as  to  excel  them. 

Twill  here,  I  doubt  not,  be  faid,  that  I  contradict  the  fenfe  of  the  ge- 
nerality of  mankind  :  I  anfwer,  that  in  Dhilofbphical  inquiries,  we  are  not 
ib  foUicitous  about  what  has  been,  or  is  believed,  as  what  ought  to  be ;  and 
certainly  the  fenfe  of  the  generality  of  men,  ought  little  to  fway  us  in  fome 
particularqueftions.  But  'tis  no  wonder  men  ihould  be  gen^uUy  prepof- 
fefs'd  with  fuch  a  notion  of  nature,  as  I  call  in  queftion;  fince  education 
has  imbued  them  with  it  from  their  infancy :  and  even  in  their  matu- 
jer  years,  they  find  it  taken  for  granted,  and  employed  by  the  moft 
learned  writers,  and  never  hear  it  call'd  in  queftion.  Beiides,  it  exceed- 
ingly complies  with  our  innate  prppenfity,  to  think  that  we  know  more 
than  we  do :  to  vouch  nature  for  a  caufe,  is  an  es^edient,  that  can  fcarce 
be  wanting  upon  any  occafion,  to  be  produced  as  a  reafon  for  any  thing 
we  are  ignorant  of- 

But  to  talk  of  a  thing  as  a  real  and  pofitive  Being,  and  attribute  great 
matters  to  it,  weighs  but  little  with  me,  when  I  confido",  that,  tho' fortune  be 
only  a  certain  loote  and  undetermined  notion,  which  a  modern  metaphyiician 
would  refer  to  the  clais  of  non-entities ;  yet  not  only  the  Gemites  made 
it  a  goddefs,  whom  many  of  them  ferioiifly  worlhipp  d,  but  eminent  wri- 
ters, both  heathen  and  chriftian,  ancient  and  modem,  and  all  forts  of  men, 
in  their  common  difcourfe,  ferioufly  talk  of  it,  as  of  a  kind  of  antichrift^ 
that  ufurped  a  great  fhare  in  the  government  of  the  world  ;  and  afcribe  little 
lefs  to  it,  than  to  natiure.  And  to  pafs  over  what  poets,  moralifts,  and 
divines  tell  us  of  the  powers  of  ignorance  and  vice,  which  are  but  moral 
defeats ;  the  generality  of  mankind  ferioufly  attribute  a  great  and  fat^l 
dominion  to  death ;  which,  tho'  faid  to  do  fo  many  and  fuch  wonderful 
things,  is  neither  a  fubftance,  nor  a  pofitive  entity,  but  a  mere  privation. 
As  tor  revelation,  it  countenances  no  fuch  notion  as  that  vulgarly  receivM 
of  nature :  the  word  is  not  once  mentioned  in  fcripture ;  no,  not  by  MofeSy 
in  his  account  of  the  creation.  And,  indeed,  till  the  Ifraelites  were  oveiv 
run,  and  corrupted  by  idolatrous  nations,  there  was^  for  many  ages,  a  deep 
filence  as  to  fuch  a  Being. 

There  are  two  thitigs  whereof  I  muft  advertiie  the  reader,  before  I 
proceed  farther. 

I .  That  when,  in  the  prefent  difcourfe,  I  fpeak  of  the  opinions  of  Art-- 
fiinUy  I  mean  thofe  that  are  by  the  generality  of  fcholars  taxen  for  his,  or 
the  Ariftmlian  and  Pmfatetic  doftrines ;  by  which,  if  he  be  mif-reprefented^ 
die  bkune  ought  to  light  upon  his  commentators,  and  followers. 

3.  That  I  here  iet  afide  the  coniideration  of  the  rational  foul  or  nnnd,  ol 
man,  all  other  pans  of  xbc  univeifc  beings  accor^g  to  the  received  opxnioDj 
the  works  of  nature* 
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A  CQQ^deriDg  posiba tm^y  weli.fii^£l^  that  nienihave  generally  iiad  Bbtsigs. 
hXKt  imperf&ft  and  confo&d  noQons  concernii^  nature ;  iinoe  they  apply  that  U^^VXJ 
name  to  feveral  things^  and  thofe  too  fvich,  as  have,  fome  of  them,  very  little  ^^^  S' 
dependance  on^  or  oonneacion  with  the  others.  Ariftotle  has  a  whole  cnapter  «ri  «<N«rc. 
exprefly  written  to  enumerate  the  various  acceptations  of  the  Greek  word 
^icify  commonly  rendered  nature ;  of  which,  he  there  mentions  (ix  ;  and, 
in  Ei^ijb^  we  have  moirc  fignificationsof  that  term.    SometiiDes^  we  ufe 
it, 

1.  For  that  author  of  nature,  whom  the  fchool-men  call  Natural  uatu^ 
rant ;  as  when  'tis  faid,  that  nature  hath  made  man  partly  corporeal,  and 
partly  inunaterial. 

2.  Sometimes  we  mean  by  the  nature  of  a  tiring,  the  e(ience,  or  that 
whidi  the  fchool-men  call  the  quiddity  of  a  thing ;  thiat  is,  the  attribute 
which  makes  it  what  it  is,  whether  the  thing  be  corporeal,  or  not ;  as  when 
we  attempt  to  define  the  nature  of  an  angel,  a  triangle,  or  a  fluid. 

3 .  Sometimes  we  confound  that  which  a  man  has  by  nature,  with  what  ac- 
crues to  Irim  by  birth ;  as,  when  we  fay,  that  iucha  man  is  noble  l^  nature. 

4.  Sometimes  we  take  nature  fiir  an  internal  principle  of  motion;  as 
when  we  fay,  that  a  ftone  let  fall  in  the  air,  is,  by  nature,  carried  towards 
the  centre  of  the  earth ;  and,  on  the  contrary,  tnat  fire,  or  flame,  naturally 
moves  upwards. 

5.  Sometimes  we  underftand  by  nature,  the  eftablifliM  courfe  of  things  ; 
as  when  we  {ay,  that  nature  makes  the  night  fucceed  the  day ;  or  that  na- 
ture hath  nnade  refpiration  neceffary  to  the  life  of  men. 

6.  Sometimes  we  take  nature  for  an  aggregate  of  powers  belonging  to 
a  body,  efpecially  a  living  one ;  as,  when  phylicians  fay,  that  nature  is 
ftrong,  weaK,  or  ipent ;  or  that  in  fuch  or  fuch  difeafes,  nature  left  to  her- 
fdf,  will  perform  the  cure. 

7.  Sometimes  we  take  nature  for  the  univerfe,  or  fjilem  of  the  corporeal 
works  of  God  ;  as  when  'tis  faid  of  a  phenix,  or  a  chimera,  that  there  is 
no  fuch  thing  in  nature. 

8.  Sometimes,  too,  and  that  moft  commonly,  we  would  exprefs  by  the 

word  nature,  a  femi-deity,  or  other  ftrange  kind  of  Being  *,  which  is  the  no-  ^    , 

tion  we  here  examine. 

And,  befides  thefe  more  abfblute  acceptations  of  the  word  nature,  it  has 
ieyerii  others  more  relative.  Nature  is  fet  in  oppofition,  or  contradiftin- 
ftion  to  other  things ;  as  when  a  ftone  falls  downwards,  we  fay,  it  does  it 
by  a  natural  motion ;  but  that  if  it  be  thrown  upwards,  its  motion  that  wa^ 
is  violent.  So  chymifts  diftinguilh  vitriol  into  natural  and  fadlitious.  In 
like  manner  'tis  laid,  that  water  kept  fufpended  in  a  fucking-pump,  is  not 
in  its  natural  place,  as  that  is,  which  ftajgnates  in  the  well.  We  fay,  alfo, 
that  wicked  men  are  flili  in  the  ftate  ofnature  ;  but  the  regenerate,  in  a 
ftate  of  grace :  that  cures  wrought  by  medicines,  are  natural  operations  ; 
but  the  miraculous  ones,  wrought  by  Chrifl:  and  his  apoftks,  fuperna- 
tural.  Nor  are  thefe  the  only  forms  of  fpeech  that  might  be  alledg'd,  to 
ananifeft  the  ambiguity  of  the  ^ord  natuxe  j  tbo*  fome  of  thefe  ah^ady 

mention'da 
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Paraes.  ,tnentioa*d,  fliofuld  be  judged  £>  near  as  «>  be  to-incidoit.    Amo^  Latin 

^  writers,  the  accq>tations  of  the  word  nature  tat  fo  many,  that  I  remember, 

one  author  reckons  up  no  lefs  than  fourteen  or  fifteen.    Hence  we  fee  how 

cafy  'tis  for  the  gencrafity  of  men,  without  excwting  thofc  who  write  of 

rnauiral  things,  to  impofe  upon  others  and  themielves,  in  the  ufe  of  a  word 

.ibapt  to  be  mif-employ'd. 

I  have  often  look  d  upon  it  as  an  unhappy  thmg,  and  prejudicial  both 
to  philofophy  and  phyfic,  that  the  word  nature  hath  been  fo  frequently^ 
ana  yet  fo  unskilfully  employed,  by  all  fcrts  of  men.  For  the  very  great 
ambiguity  of  this  term,  and  the  promiicuous  ufe  made  of  it,  without  fuf- 
ficiently  attending  to  its  diflferent  iignifications,  render  many  of  the  ex- 

freffions  wherein  'tis  employed,  either  unintelligible,  improper,  or  falfe. 
,  therefore,  heartily  wiih,  tlmt  philofbphers,  and  other  leading  men,  would, 
by  common  confent,  introduce  fome  more  figniiicant,  and  lefs  ambiguous 
^erms  and  expreflions,  in  the  room  of  the  licentious  word  nature;  and  the 
-forms  of  ^eech  that  depend  on  it :  or,  at  leaft,  decline  the  ufe  of  it,'  as 
much  as  conveniently  thev  can ;  and  where  they  think  thev  muft  employ  it„ 
declare  in  what  clear  and  determinate  fenie  they  ufe  it.  ror  unlefs  fome- 
what  of  this  kind  be  done,  men  will  very  hardly  avoid  being  led  into  mif- 
takes,  both  of  things,  and  of  one  another ;  whence  fuch  wranglings  about 
words  and  names  will  be  ftill  kept  on  foot,  as  are  ufually  managed  with 
•much  heat,  and  little  advantage. 

But  'tis  far  more  difficult  than  any  one,  who  hath  not  trvM,  would 
imagine,  to  difcourie  long  of  the  corporeal  works  of  God,  ana  efpecially 
'Of  die  operiations  and  phenomena  attributed  to  nature,  and  decline  the 
frequent  ufe  of  that  term,  or  forms  of  fpeech  whereof  'tis  a  principal  part ; 
without  frequent,  and  tedious  circumlocutions.  But  to  avoid,  as  much  as 
polfible,  this  inconvenience ;  I  fhall  hereafter  call  thofe  who  maintain  the 
vulgar  notion  of  nature  Naturifis :  an  appellation  I  rather  chufe  than  that 
of  Naturaliftsy  becaufe  many,  even  of  the  learned  among  them,  are  not  phi- 
iofophers.  This  inconvenience  might  perhaps  be  a  little  larther  remedied,  if, 
SCmw  ^4h  I.  Inftead  ci  the  word  nature,  taken  for  Natura  naturans^  we  ufe  the 
«rmGod,  which 'tis  put  to  fignify. 

a.  If,  inftead  of  nature,  ufed  for  that  which  makes  a  thing  what  it  is, 
^we  employ  the  word  eflence ;  fometimes  alfb  we  may  make  ufe  of  the 
word  quiddity ;  which,  tho'  a  barbarous  term,  is  yet  frequently  employ 'd, 
•and  well  underftood  in  the  fchools  \  and  tho'  very  comprehenfive,  is  free 
from  ambiguity. 

3.  If  what  is  meant  by  the  word  nature,  taken  for  what  belongs  to  a 
living  creature  at  its  nativity,  or  accrues  to  it  by  its  birth,  be  expreffed, 
£>metimes,  by  faying,  that  ah  animal  is  bom  fo  j  and,  fometimes,  by  fay- 
ing, that  a  thii^  has  been  generated  fuch ;  and,  fometimes  alfo,  that  'tis 
•thus  or  thus  qualified  by  its  original  temper  and  conftitution. 

4.  If,  infbead  of  the  word  nature,  taken  for  an  internal  principle  of 
local  motion ;  we  lay,  fometimes,  that  this  or  that  body  moves  as  it  were, 
tOr  fiems  to  move  fpontancouiiyj  upwards^  downwards,  (S^c.  or  that  it  is 

put 
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pot  Into  this  or  that  motion^  or  determined  to  this  or  that  a^on,  by  die  ^Phtsxcs. 
coDcourfe  of  particular  caufes.  l^SPW 

5 .  If,  inftead  of  nature,  uied  for  the  eftabliihed  courie  of  things  corpo-  , 
teal,  we  fubftitute,  what  it  denotes,  the  eftablifhed  order,  or  the  fettled 
couife  of  things. 

6.  If,  inftead  of  nature,  taken  for  an  aggregate  of  the  powers  belongs 
ing  to  a  body,  we  employ  the  conftitution,  temper,  mecnanifin,  or  the 
complex  of  the  elTential  properties  or  qualities ;  and,  fometimes,  the  con- 
dition, the  ftru£lure,  or  the  texture  of  that  body  :  and,-  fpeaking  of  the* 
greater  portions  of  the  world,  we  may  ufe  the  terms,  febric  of  the 
world,  lyftem  of  the  univerfe,  &c. 

7.  If,  where  men  employ  the  word  nature  for  the  univerfe,  or  the 
fyftem  of  the  corporeal  works  of  God ;  we  ufe  the  word  world,  or  uni- 
verfe; and,  inftead  of  the  phenomena  of  nature,  fubftitute,  the  pheno- 
mena of  the  univerfe,  or  of  the  world. 

8.  And,  laftly,  if,  inftead  of  ufing  the  word  nature,  taken  for  either  a 
goddefs,  or  a  iind  of  femi-deity ;  we  wholly  rejed,  or  very  ieldom  em- 
plov  it. 

dome,  I  know,  will  have  the  nature  of  every  thing,  to  bq  only  the  law  wuthir  Oi  m^ 
that  it  receives  from  the  creator,  and  according  to  which  it  afts  on  all  oc- ^^Cmu^ 
cafions.    And,  indeed,  this  opinion,  tho'  neither  clear  nor  comprehenfive,  «mw  fim  tu- 
ieems  capable  of  a  fair  confmiftion.    There  is  often  fome  refemblance *^**^* 
between  the  orderly  and  regular  motions  of  inanimate  bodies,  and  the 
anions  of  agents,  that  proceed  conformably  to  laws.     And  I,  fometimes^, 
fcruple  not  tofpeakoi  the  laws  of  motion  and  reft,  that  God  has  efta- 
blifhed  among  thmgs  corporeal,  and,  now  and  then,  to  call  them  the  laws 
of  nature. 

But,  in  ftriftneft,  to  fay,  that  the  natwe  of  this  or  that  body,  is  but 
the  law  of  God  prescribed  to  it,  is  an  improper,  and  figurative  expreffion. 
For  this  gives  us  but  a  very  defefti ve  idea  ot  nature,  fincc  it  omits  the  ge- 
neral fabric  of  the  world,  and  the  contrivances  of  particular  bodies; 
which  yet,  are  as  necef&ry  as  local  motion  itfelf,  to  the  produdfion  of 
particular  eiffefts  and  phenomena :  and,  to  fpeak  properly,  a  law  being . 
but  a  notional  rule  of  afting  according  to  the  declared  will  of  a  fuperior, . 
^s  plain,,  that  nothing  but  an  intcUeaual  Being  can  be  properly  capable 
of  receiving  and  afting  by  a  law.  For  if  it  does  not  underftand,  it  can- 
not know  what  the  will  or  the  legiflator  is ;  have  any  intention  to  acconi- 
Jlifti  it ;  or  aft  with  regard  thereto.  Now  'tis  intelligible,  that  God 
iould,  at  the  beginning,  imprefs  determinate  motions  upon  the  parts  of  . 
matter,  and  ^ide  them,  as  he  thought  requifite,  for  the  primordial  con- 
ftitution of  things :  and  that  ever  fince  he  fliould,  by  his  ordinary  and  gc* 
neral  concourfe,  maintain  thofc  powers,  which  he  gave  the  parts  of  mat- 
ter to  tranfmit  their  motion  to  one  another*  But  I  cannot  conceive,  how 
a  body,  deftitutc  of  underftanding  and  fenfe,  truly  fo  called,  can  mode- 
rate and  determine  its  own  motions ;  efpecially  fo,  as  to  make  then> 
conformable  to  laws^  that  ft  has  ao  knowledge  of.    And  that  inanimate 
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fmsicsj  bod^^^  hovirftriflSjf  Ibever  called  natuntl,  properly  aft  by  laws,  cannot 
X^^i^^^hbt  proved  by  their  afting  ^fpijiQtimes  regularly,  and,  as  men  think,  in 
order  to  determinate  ends :  fidce,  in  axtifiaal  things,  we  fee  many  motions 
very  orderly  performed,  and  with  a  ntanifeft  tendency  to  paniculaf  and* 
deugn'd  ends.  Thus,  in  a  watch,  the  motions  of  the  Ipring,  wheels,  and 
odier  parts,  are  fb  fitted  and  ti^ulated,  that  the  hand  upon  the  dial-plate 
moves  with  great  uniformity,  and  feems  to  moderate  its  motion,  £>  as 
not  to  arrive  at  the  points^  that  denote  the  time  of  the  day,  either  a  mi- 
niite  fooner,  or  a  minute  later  than  it  (hould  do.  And  when  a  man  fhoots 
an  arrow  at  a  mark,  fo  as  to  hit  it ;  tho'  the  arrow  moves  towards  the 
mark,  as  it  would,  if  it  could,  and  did  defign  to  ftrike  it ;  yet  none 
will  fay,  that  this  arrow  moves  by  a  law,  but  by  an  external  impulfe. 
Afiftotic*!  A#-  But,  poflSbly,  the  definition  or  a  philofopher  may  exempt  us  from  the 
l^miin^  perplexities,  to  which,  by  the  ambiguous  expreflions  of  common  writers, 
fsHisS^rr^  we  are  expofed.'  I  therefore  confidered,  witn  more  than  ordinary  atten- 
tion, thebmous  definition  of  nature,  that  is  left  us  by -4n)?6^/<p ;  which  I 
fliall  recite  rather  in  Latin  than  Englijby  becaufe  'tis  very  familiarly  known, 
among  fcholars  in  that  language;  and  becaufe  there  is  fomewhat  in  it, 
that  feems  difficult  to  be,  without  circumlocution,  rendered  intelligibly  in 
Englifif :  Natura  (fays  he)  efi  frtndpium  &  caufa  motus  &  quietis  ejuSy  in  quo 
inefi^  primo  per  fe,  &  nou  fecundum  accidens.  Now  as,  according  to  Ariflotle^ 
the  whole  worid  is  but  a  fyftem  of  the  works  of  nature ;  we  might  well 
expert,  that  the  definition  of  a  thing,  the  moft  important  in  natural  plu« 
loibphy,  Ihould  be  clearly  and  accurately  delivered ;  yet,  to  me,  this  cele- 
bratecl  definition  feems  fo  dark,  that  I  received  no  affiftance  from  it,  to- 
wards framing  a  clear  and  fatisfaftory  notion  of  nature.  For  I  dare  not 
hope,  that  what,  as  to  me,  is  not  itfelf  intelligible,  (hould  make  me  un- 
derfland  what  is  to  be  explained  by  it.  And,  confulting  fome  of  Arijiotle's 
interpreters  upon  the  fenfe  of  this  definition,  I  found  the  more  confiderate 
of  diem  fp  puzzled  with  it,  that  their  difcourfes  about  it  feem'd  to  tend, 
rather  to  free  the  definer  from  tautology  and  felf-contradiftion,  than  to 
manifeft  the  definition  itfelf  to  be  good  and  inftru&ive.  And  indeed,  tho* 
the  immoderate  vaieration  they  have  for  their  mafter,  engages  them  to 
make  the  befl  they  can  of  his  definition,  even  when  they  cannot  juftify  it 
without  ftrainM  interpretations;  yet  what  every  one  feems  to  defend  in 
grofs,  almoft  every  one  of  them  cenfures  in  parcels ;  this  man  attacking  one 
part  of  the  definition,  and  that  another,  with  objedblons  fo  weighty,  that 
if  I  had  no  other  arguments  to  urge  againft  it,  I  might  borrow  enow 
from  the  commentators  on  it,  to  juftify  my  diflike  thereof. 

Several  thmgs  are  commonly  received  as  belonging  to  the  idea  of  nature, 
that  are  not  manifefily  or  at  all  comprehended  in  this  Arifiotelian  definition,. 
which  never  declares  whether  the  principle,  or  caufe  here  mentioned,  is 
a  fubftance,  or  an  accident ;  and  ifa  fubftance,  whether  corporeal  or  im- 
material :  nor  is  it  clearly  contained  in  this  definition,  that  nature  does 
aB  things  moft  wifely,  andftill  a£tsby  die  fliorteft  ways,  without  ever 
miffing  of  her  end;  and  that  fbc  watches  againft  a  Vacuum^  for  the  wel- 
ftieoftbeuniverfe.  SECT. 
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SECT,   a  00^>W^ 

THE  beft  way  to  difcover  the  common  opinion  of  nature,  is,  to  con-^T^*^'^  '^ 
fider  what  axioms  pafs  for  current  about  her,  what  titles  and  epi-  iSJt  '^^"^^  * 
thets  are  unanimoufly  given  her  by  philofophers,  other  writers,   and  by 
the  generality  of  men  who  have  occafion  to  difcourfe  of  her,  and  her 
actions. 

Of  fuch  axioms  and  epithets,  the  principal  feem  to  be  thefe. 
Nature  is  exceeding  wije,  and  all  her  works  are  performed  with  underfianding. 
Nature  does  nothing  in  vain.  Nature  never  fails  of  her  purpofe.  Nature  air- 
ways does  what  is  beft.  Nature  always  alts  in  the  fhorteft  manner.  Nature 
is  neither  too  lavifi,  nor  too  Sparing  in  necejfary  things.  Nature  always  pre-» 
ferves  itfelf.  Nature  cures  difeafes.  Nature  always  watches  to  preferve  the 
univerfe.    Nature  dreads  a  Vacuum. 

From  which  particulars  put  together,  it  appears,  that  the  vulgar  no* 
tion  of  nature  may  be  exprefled  by  fome  fuch  defcription  as  this. 

Nature  is  a  moft  wife  being,  that  a£ls  nothing  in  vain,  never  miCTes  of 
her  ends>  but  always  does  what  is  beft,  and  that  by  the  moft  dire£fc 
way,  neither  employing  any  things  fuperfluous,  nor  being  wanting  in 
Things  necei&ry ;  teaching  and  inclmlng  every  one  of  her  works  to  prelerve 
itfelf :  and  as,  in  the  human  frame,  me  cures  difeafes  i  fo,  in  the  world, 
for  the  confervation  of  the  univerfe,  flie  abhors  a  Vacuum ;  making  partir 
cular  bodies  a£t  contrary  to  their  own  inclinations  and  interefts,  to  prer 
vent  it. 

If  I  were  to  propofe  a  notion,  as  lefs  unfit  than  any  I  have  met  witli,  ^  ntwmtmnf 
to  pais  for  the  principal  one  of  nature;  with  regard  to  which,  many JJST fJS£^ 
axioms  and  exp'reflions,  relating  to  that  word,   may  be  conveniently  un-  MdvMm% 
derftood ;  I  Ibould  firft  diftinguifli  between  the  univerfal,  and  the  panicu^ 
lar  nature  <^  things*    And  dF  univerlid  nature,  the  notion  I  would  ofier, 
fliould  be  fbmething  like  this.    Nature  is  the  aggregate  of  the  bodies^  that  make 
up  the  worldy  in  its  prefentftate,  confidered  as  a  principle ^  by  virtue  whereof^ 
they  a£i  and  fuffer^  according  to  the  laws  of  motion^  prejcribed  by  the  author  of 
things.    And  this  makes  way  for  the  other  fubordinate  notion ;  fince  the 
particular  nature  of  an  'mdividiml  confifts  in  the  general  nature,  apply'd  to 
a  diftinft  portion  of  the  univerfe ;  or,  fuppofing  that  placed  as  it  is,  in  A 
world,  framed  by  God,  like  ours,  it  muft  be  a  convention  of  the  mechanical 
properties,  (fuch  as  magnitude,  figure,  order,  fituation,  and  local  motion) 
of  parts,  convenient  and  fufficient  to  conftitute  of,  or  entitle  to  its  par- 
ticular fbecies,  or  denominations,  the  particular  body  they  make  up ;  the 
concourse  of  all  thefe  being  confidered  as  the  principle  of  mocion,  reft,  and 
changes  in  that  body. 

The  vulgar  notion  of  nature,  as  it  has  had,  doubtlefs,  may  have  an  ill  elTcifl  ^  ^fi^\^  **j 
on  religion.  1  he  looking  upon  merely <:orporeal,  and  orcen  inanimate  things,  n^Hn  u^h  uit: 
as  endowed  with  life,  fenlc,  and  underftanding  ^  and  afcribing  to  natui  e,^'****' 
Vol.  II.  Q  and 
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Phtsics.  and  fome  other  Beings,  things  that  belong  to  God  alone,  have  been  grand 
caufes  of  the  poljtheifm  and  idolatry  of  the  Gentiles. 

The  moft  ancient  idolatry,  probably,  was  the  worfhip  of  the  celeftial 
lights,  efpecially  the  fun  and  moon ;  as  appears  both  from  facred  and  pro- 
fkne  hiftory.  The  great  Hippocrates  attempts  to  account  for  the  origin  of 
the  world  from  his  immortal  heat,  which  he  efteems  as  a  deity.  And  Galen 
himfelf,  who  was  not  unacquainted  with  Mofes*s  writings,  and  with 
chriftianity,  fan cy'd  the  earth  had  a  certain  foul  or  mind  imparted  to  it 
by  the  fuperior  bodies.  And  an  inquifitive  perfon,  who,  having  liv'd  ma- 
ny years  m  Chinay  and  feveral  of  the  neighbouring  kingdoms,  affured  me, 
that,  in  a  fblemn  conference  he  had  with  fome  of  the  more  eminent  doftors 
of  the  Chinefe  religion ;  they  frankly  profeffed,  they  believed  the  heavenly 
bodies  to  be  truly  divine,  and  deferring  to  be  worfhipped,  becaufe  they 
imparted  to  men  fuch  good  things,  as  light,  heat,  rain,  CTc.  And  this  be- 
lief, they  declared,  they  thought  more  rational  than  that  of  the  Euro^ 
feans^  who  worfliip  a  deity,  whofe  fhape,  colour,  and  motion,  and  whofe 
efficacy  on  fublunary  things,  were  invifible. 

Manv  dF  the  ancient  philofophers  held  the  world  to  be  animated,  and 
believed,  that  the  mundane  Ibul  was  not  barely  a  living,  but  a  moft  intelli- 
gent and  wife  aftive  Being  i  the  Stoics  held  the  world  to  be  an  animal  5 
and  the  notion  of  the  foul  of  the  world,  and  of  nature,  feem  fo  near 
allied,  that  fome  of  the  old  fages  appear  to  have  confounded  them,  and  to 
have  made  no  other  univerfal  nature,  than  the  foul  of  the  world.  How- 
ever, the  great  and  pernicious  errors  they  were  led  into,  by  believing  that 
the  univene  itfelf,  and  many  of  its  nobler  parts,  befides  men,  were  en- 
dowed with  life,  underftandmg,  and  providence  j  may  make  us  chriftians 
Jealous  of  admitting  fuch  a  Being,  as  that  which  men  venerate  under  the 
name  of  nature :  fince  they  afcribe  to  it  as  many  wonderfulpowers  and  pre- 
rogatives, as  the  idolaters  did  to  their  adorea  mundane  foul.  They,  alfo, 
facrilegioufly  abufed  this  Being,  as  well  under  the  very  name  of  nature, 
as  under  that  of  the  foul  of  the  world :  fometimes  making  it  the  fame  with 
the  wcrld,  at  others  the  fame  with  God ;  and  Orpheus  has  a  hymn  ad^ 
drefs*d  to  nature  as  a  goddefs. 

Ariftotley  indeed,  and  his  commentators,  do  not  fb  direftly  idolize  na- 
ture, as  did  Orpheus ;  yet,  I  doubt,  they  go  further  than  they  can  juftify, 
when  they  fo  rreely  and  often  aflert  many  extraordinary  things  of  her, 
particularly  when  they  call  the  works  of  God,  the  works  of  nature, 
and  mention  him  and  her  together,  not  as  a  creator  and  a  creature,  but  as 
two  co-ordinate  governors. 

Thofe  who  thought  the  fun  endowed,  not  only  with  a  living  foul,  but  with 
underftanding  and  a  will,  muft,  if  they  had  duly  confiderM,  have  been  much 
more  puzzled,  to  find  food  for  fo  vaft  a  body,  and  organs  in  him  neceflfary  to 
prepare  and  digeft  it,  and  to  perform  the  other  ftmdtions  that  belong  to  ani- 
mal nutrition,  than  the  philofophers  who  maintained  him  to  be  fire.  ^Tis  with- 
out proof  prefumed  and  alferted,  that  the  celeftial  bodies  are  endowed  with 
underftanding  and  prudence^  efpecially,  fo  as  to  be  able  to  know  the  particular 
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conditions  and  tranfaftions  of  men,  and  hear  and  grant  the  prayers  of  their   Physics. 
worfliippers.  And  the  moon,  which  was  anciently  a  principal  deity,  is  fo  rude 
arid  mountainous  a  body,  that  'tis  a  wonder  fpeculative  men,  who  confider'd 
how  many,  how  various,  and  how  noble  functions  belong  to  a  fcnfitive 
foul,  could  think  a  mafs  of  matter,  fo  very  remote  from  being  fitly  orga- 
niz'd,  Ihould  be  animated  and  governed  by  a  true,  living  and  fenfitive  foul. 
Indeed,  thefe  deifiers  of  the  celeftial  globes,  and  the  heathen  difciples  of 
Arijlinley  befides  fevcral  of  the  fame  mind,  among  the  chriftians,  fay  great 
and  lofty  things  of  the  quinteifential  nature  of  the  heavenly  bodies,  and 
their  confequent  incorruptibility  ;  of  the  regularity  of  their  motions,  and 
of  their  divine  quality  c3F  light,  that  makes  them  refulgent.     But  the  per- 
fuafion  they  had,  of  this  quinteffential  nature  of  the  fuperior  part  of  the 
world,  feems  not  grounded  upon  any  folid  phyfical  reafon,  but  enter- 
tained by  them  for  being  agreeable  to  the  opinion  they  had  of  the  divinity 
of  the  celeftial  bodies  ;  of  which,  AriflotU  himfelf  fpeaks  in    a  way  that 
hath  greatly  contributed  to  fuch  an  exceffive  veneration  for  thofe  bodies^ 
as  is  neither  agreeable  to  true  philofophy,  nor  true  r^sligion.    He  himfelf 
takes  notice,  that  the  Pythagareans  held  our  earth  to  be  one  of  the  planets  i 
and  that  it  moved  about  the  fun,  which  they  placed  in  the  middle  of  the 
world.     And  fince  this  hypothefis  of  the  earth's  motion,  was  in  the  laft 
age  revivM  by  Copernicus^  not  only  Kepler,  Galileo^  and  GaJfenduSy  but  moft 
of  the  eminent  modem  aftronomers,  bave  embraced  it :  which,  indeed, 
is  far  more  agreeable  to  the  phenomena,  than  the  doftrine  oiAriflatU 
(who  was  plainly  miftaken  about  the  order  and  confiftence  of  the  hea- 
vens} and  the  ancient  and  generally  received  Ptolemaic  fyftem.    Now, 
fuppofing  the  terraqueous  globe  to  be  a   planet ;  who  can  confider  it 
as  a  round  mafs  of  very  heterogeneous  fubftances,  whofe  furface  is  very 
lude  and  uneven,  and  its  body  opake,  (unlefs  as  it  happens  to  be  enlight-* 
ned  by  the  fun,  moon,  and  ftarsj  and  fo  very  inorganical  and  unfit  for  fo 
much  as  nutrition,  that  it  feems  wholly  unfit  to  be  an  animal,  much  lefs  a 
rational  one  ,•  and  afcribe  underftandmg  and  providence  to  it  ?    ThQ  Uko 
may  be  faid  of  the  celeftial  bodies. 

As  for  the  boafted  immutability  of  the  heavenly  bodies ;  it  may  be  very 
probably  call'd  in  qucftion  from  the  phenomena  of  fome  of  the  comets,  that 
by  their  parallax  were  found  to  be  above  the  moon,and  confequently  in  the 
celeftial  region  of  the  world.  But,  the  incorruptibility  and  immutability 
of  tlie  heavenly  bodies  are  more  difproveable  by  the  fudden  and  irregular 
generation,  changes,  and  deftruftion  of  the  fpots  of  the  fun;  which  (ome- 
times  fo  fuddenly  disappear,  that  in  the  year  i660y  on  Af^  8.  having  left, 
in  the  morning,  a  fpot,  whofe  motions  we  had  long  obfervM  thro'  an 
excellent  telefcope,  with  an  expeftation  that  it  would  continue  for  many 
days  vilible  to  us;  we  were  furpriz'd  to  find,  that  when  we  came  to  ob- 
ferv?  ir  again  in  the  evening,-  it  was  quite  diffipated  :  and  by  comparing  it 
to  tiic  fun,  we  eftimated  the  extent  of  its  furface  to  be  equal  to  that  of  all 
Ei^^'opc,  As  to  the  conftancy  of  the  motions  of  the  ftars;  if  the  earth, 
which  we  know  to  be  inanimate,  is  a  planet,  it  moves  as  conftantly  and 
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Physics,  regularly  about  the  fun,  as  the  other  planets  do,  or  as  the  moon  doth 
k^V^^  about  the  earth.  And  fuppofing  our  globe  was  not  a  planet,  yet  there 
would  manifeftly  be  a  conftant  regular  motion  of  a  great  part  of  it :  fince 
there  is  a  regular  ebbing  and  flowing  twice  a  day,  and  fpring-tides  twice  a 
month,  of  that  vaft  aggregate  of  waters,  the  ocean ;  which  perhaps  is  not 
inferior  in  bulk  to  the  whole  body  of  the  moon. 

And  laftly,  as  a  great  proof  of  the  divinity  of  the  ftars  is  drawn  from 
their  light ;  lb,  tho^  f  grant  it  to  be  the  nobleft  of  fenfible  qualities,  yet  lean- 
not  think  it  a  good  proof  of  the  divine  nature  of  bodies  endowed  with  it. 
For  tho*  the  Zabians  and  Chaldeans  confidered  and  adored  the  planets  as  the 
chief  gods,  our  telefcopes  diicover  to  us,  that  they  Ihine  but  by  a  borrowed 
light ;  fo  that  Venus^  as  vivid  as  it  appears  to  the  naked  eye,  is  fometimes. 
hom'd  like  the  moon.  Thus  alio  the  earth,  whetlier  a  planet  or  no,  is 
enlightened  by  the  fun  j  and  poffibly,  as  a  body  forty  times  bigger,  com- 
municates more  light  to  the  moon,  than  it  receives  from  her ;  as  feems 
probable  from  the  light  on  the  furface  of  the  moon  in  fome  of  her  eclipfes. 
And  tho'in  the  night,  when  the  darknefs  hath  widened  the  PufiUa  ot  our 
eye^  and  the  moon  fliines  with  an  unrivalM  luftre,  Ihe  feems  exceeding 
bright ;  yet  (he  may  be,  for  ought  I  know,  more  opake  than  the  folid  part 
of  the  terreftrial  globe.  For  I  have  more  than  once  obferv'd  a  fmall  cloud 
in  the  weft,  where  the  moon  then  was,  about  fun-fet ;  and  comparing 
them  together,  the  cloud  reflected  the  light  as  ftrongly  to  my  eye,  as  did 
the  moon,  that  feemM  to  be  not  far  from  it ;  both  of  them  appearing  like 
little  whitiih  clouds :  tho'  afterwards,  as  the  fun  defcended  lower  beneath 
the  horizon,  the  moon  grew  more  luminous.  And,  ipeaking  of  light  in- 
definitely, 'tis  fo  far  from  arguing  a  divine  natiure  in  the  b<^ies  endowed 
with  it,  (whether,  as  the  planets,  by  participation  from  an  external  illumi- 
xuint ;  or,  as  the  fun,  from  an  internal  principle)  that  a  calcined  ftone, 
witnefs  that  of  Bolonia^  will  afibrd,  in  proportioa  to  its  bulk,  incompa* 
rably  more  borrowed  light  than  one  of  the  planets.  And  a  light,  from 
internal  conftitution,  may  be  found,  not  only  in  fuch  abjeft  creatures 
as  infefts,  whether  winged,  as  the  Cucufias  ot  Hiffaniolay  or  creeping,  as 
the  glow-worm ;  but  alfo  in  bodies  inanimate,  and  corrupted ;  as  in 
.  rotten  wood,  putrefy 'd  fifli,  &c. 
j2SS4*Sf  The  reafons  that  have  made  me  backward  to  entertain  fuch  a  notion  of 
Hr^  MttNi  nature,  as  I  have  hitherto  difcourfed  of,  may  be  compriz^ed  under  the 
ifwMmt,       following. 

I .  Such  a  nature  feems  to  be  either  aflferted,  or  affumed,  without  fuf- 
ficicnt  proof ;  and  this  fingle  reafon,  if  well  made  out,  is  alone  fufficient 
to  difcredit  it.  For,  in  matters  of  philofophy,  where  we  ought  not  to 
take  any  thing  upon  truft,  or  allow  it  without  proof;  'tis  enough  to  keep 
us  from  believing  a  thing,  that  we  have  no  pofitive  argument  to  induce  us 
to  aflent  to  it ;  ttio*  we  have  no  particular  arguments  againft  it.  Now,  I 
have  vet  met  with  no  phyfical  arguments,  either  demonftrative,  or  con- 
.  fiderably  probable,  to  evince  the  exiftence  of  the  nature  we  examine ;  yet, 
fttrely>  fo  univerial  an  agent,  fuppofed  to  a£t  immediately,  in  abundance 
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of  phenomena,  Ihould,  if  it  really  exifted,  give  fome  manifeft  proo&  of  it-  Physics* 
felf.  i 

2.  Such  a  nature  is  unnccertary-    For,  fince  a  great  part  of  the  work  of 
true  philofophers  has  been  to  reduce  the  principles  of  things  to  the  fmalleft. 
number  tiiey  can,  without  making  them  infuflficient  ;  why  ftiould  we  take 
in  a  principle,  of  which  we  have  no  need  ?     Suppofingthe  common  mat- 
ter of  all  bcdies  to  have  been  at  firft  divided  into  innumerable  minute- 
parts,  by  the  wife  author  of  things,  and  thefe  parts  to  have  been  fo  dif- 
pos'd,  as/to  form  the  world  as  it  now  is  ;  and,  fuppofing  the  univerfal  laws 
of  motion,  among  the  parts  of  matter,  to  have  been  eftablifliM,  and  feveral 
conventions  of  particles  contrived  into  the  feminal  principles  of  various 
things ;  all  which  nuiy  be  eflfefted  by  the  mere  motion  ot  matter,  skilfully  j»iu- 
ded  at  the  beginning  of  the  world :  fuppofing  all  this,  together  with  God's  or- 
dinary and  general  concourfe,  which  we  very  rcafonably  may ;  I  fee  not,  why 
the  fame  phenomena,  that  we  now  obferve  m  the  world,  fliould.  not  be  pro- 
duced, without  taking  in  any  fuch  powerful  and  intelligent  being,  diftin£)r. 
from  God,  as  nature  is  reprefented  to  be.     And,  *tiU  fome  inftance  is 
product  to  the  contrary,  I  fliall  think  that  the  phenomena  we  obferve,. 
will  genuinely  follow  from  the  mere  £ibric  and  conftitution  of  the  world. 
Thus,  fuppofing  the  fun  and  nooon  to  have  been  put,  at  firfl,  into  fuch . 
motions  about  the  earth,  as  experience  fhe ws , they  have ;  the  determinate., 
celerity  of  thefe  motions,  and  the  lines  wherein  they  are  performed,  will 
make  it  neceflary,  that  the  moon  Ihould  exhibit  fuch  feveral  phafes  as  every 
month  fhe  doth ;  and  that  at  fom^*  times  fhe  and  the  fun  fhould  have  a  trine, 
or  a  quartile  alpeft^.  ^^.    and  that  now  one,  and  now  the  other  of  them, 
fliould,,at  fet  times,  fuffer  an  edipfe  :  tho^thefe  eclipfes  were  by  the  Her 
mansy  and  others  of' old,  and  are  by  many  unlearned  nations  at  this  day* 
looked  upon  as  fupematural  things.    And,  indeec^  the  diffiailty  we  find . 
IQ  conceive  how  io  great  a  &bric  as  the  world,  can  be  preferved  in  or- 
der, attdi^t  from  filling  again  to  a  chaos,  feems  to  arife  from  hence,  that, 
men  do  not  Tfofficiently  comider  the  unfearchable  wifdom  of  the  divine 
architedl,   whofe  piercing  eyes  were  able  to  look  at  once  quite  thro' 
the  univerfe,  and  take  into  his  view,  both  the   beginning  and  end  of:' 
time  :  fo  that,  perfeftly  knowing  what  would  be  the  confequences  of  all: 
thepoffible  con  junctures  of  circumflances,  rnto  Which  matter,  divided  and 
mov'd  according  to  particular  laws,  could,  in  an  engine  fo  conftituted  as 
the  prefent  world  is,  happen  to  be  put ;  there  can  nothing  fall  out,  unlefs 
when  a  miracle  is  wrought,  that  fhall  be  able  to  alter  the  courfe  of  things, 
or  prejudice  the  confKtution  of  them,  any  further,  than  heirom  the  begin- 
ning  forefaw,  and  allowed, 

3.  The  nature  I  queflion,  is  fb  dark  and  odd  a  thing,  that  *tis  hard  to- 
know  what  to  make  of  it ;  being  flcarce  intelligibly  proposed  by  thofe  who  • 
lay  the  moftflrefs  upon  it.    For,  it  appeal's  not  clearly,  whether  they  will- 
have  it  to  be  a  corporeal,  or  an  immateriial  fubftance  ;  or  fome  fuch  thing, 
as  may  feem  to  be  betwixt  both^  fuch  as  many   Peripatetics  reprefent 
ittbftantial  forms,  and  what  they  call  real  qualities,  which  feveral  fchooU 
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Physics  n^cn  hold  to  be  feparable  from  all  matter  whatfoever.  If  it  be  merely 
corporeal,  I  confels,  I  underftand  not,  how  it  can  be  fb  wife  an  agent, 
as  they  would  have  it  pafs  for :  if  it  be  a  body,  I  would  gladly  know 
what  kind  of  body  it  is;  and  how,  fince,  among  bodies,  there  can 
be  no  penetration  of  dimenfions,  this  fb  intimately  pervades,  as  they  pre- 
tend, all  the  other  bodies  of  the  world  ?  If  it  be  laid,  that  nature  is  a 
Semi-Jubftantiay  as  fbme  modern  fchool-men  call  fubftantial  forms,  and  real 
qualities ;  I  anfwer,  that  I  acknowledge  no  fuch  chymerical,  and  unin- 
telligible Beings.  It  remains  therefore,  that  this  nature  we  foeak  of,  if 
pofitive,  is  an  immaterial  fubftance.  But,  to  have  recourfe  to  luch  an  one, 
as  a  phyfical  agent,  and  the  grand  author  of  the  motion  of  bodies ,-  and 
jhat,  elpecially,  in  fuch  familiar  phenomena,  as  the  afcent  of  water  in 
pumps,  the  fufpenfion  of  it  in  watering-pots,  ,the  innninjg  of  it  thro*  fy- 
phons,  &c.  and  thence  to  aflign  the  cau&  hereof,  will,  I  think,  prove  ex- 
ceeding difficult. 

4.  Since  many  naturalifts  are  chriftians,  it  may  not  be  improper  to  add, 
that  another  thing,  for  which  I  diflike  the  vulgar  notion  of  nature,  is,  its  be- 
ing dangerous  to  religion,  in  general,  and,  confequently,  to  the  chriftian. 
V  For  this  erroneous  conceit  defrauds  the  true  God  of  feveral  afts  of  vene- 
ration and  gratitude,  that  arc  due  to  him  from  men,  upon  account  of  the 
vifible  world ;  and  diverts  them  to  that  imaginary  being  thev  call  nature, 
which  has  no  title  to  them  :  for,  whilft  nature  is  fuppos'd  to  be  an  intelli- 
gent thing,  that  wifely  and  kindly  adminifters  all  diat  is  done  amone 
be  dies,  *tis  no  wonder  that  the  generality  of  men  fliould  admu'c  and  praife 
her,  for  the  wonderful,  and  ufeful  things  they  obfcivc  in  the  world. 
And,  in  effeft,  tho'  nature,  in  our  prefent  fenie  of  the  word,  be  never 
found  in  the  fncred  writings  ;  yet,  nothing  is  more  frequently  met  with  in 
the  bcoks  of  philofophers,  than  nature  and  her  effedls.  And,  whatever 
has  been  faid  by  fi^ne,  in  excufe  of  Ariftotky  yet  the  generality  of  the 
Peripatetics,  from  whom  the  vuk^ar  notion  of  nature  is  chiefly  received, 
make  the  world  eternal ;  and  refer  all  the  tranfaftions  among  the  bodies  it 
contains,  to  what  they  call  nature.  Whence  'twill  not  be  difficult  to  per- 
ceive, that,  if  they  do  not  quite  exclude  God ;  yet,  as  they  leave  him  no 
intereft  in  the  firft  formatipn  of  the  univerfe,  fo  they  leave  him  but  very 
little  in  the  adminiftration  of  the  parts  it  confifts  of,  efpecially  in  fuch  as  are 
fublunar)\  Inftead,  therefore,  ot  the  true  God,  they  have  lubftituted,  for 
us,  a  kind  ofagoddefs,  with  the  title  of  nature;  upon  whom  they  look 
as  the  immediate  agent  and  direftor  in  all  excellent  produdlions,  and 
afcribe  to  her  the  praife  and  clory  of  them. 

This  great  error,  in  a  point  01  fuch  importance,  feems  to  undermine  the 
foundation  of  religion.  For  fince  the  moft  general  and  eflfeftual  argument 
which  has  perfuaded  men  that  there  is  a  God  and  a  providence,  is  afforded 
by  the  conlideration  of  the  vifible  world,  wherein  fo  many  operations  and 
other  things  are  obferv'd  to  be  managed  with  fuch  conduft  and  benignity, 
as  cannot  juftly  be  afcribed  but  to  thewifdomand  goodnefs  of  a  deity; 
.they  who  afcribe  thefe  things  to  mere  nature,  much  weaken  the  force 
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of  that  argument,  if,  thcv  do  not  quite  take  away  the  neceffity  of  Physics. 
acknowledging  a  deity;  by  fliewing,  that,  without  having  recourfe  to 
him,  an  account  may  be  ^ven  or  the  adminiftration  of  the  world, 
and  of  what  is  performed  among  things  corporeal.  Indeed,  when  men  are 
put  upon  confidering  the  matter,  and  preis*d  to  declare  themfelves  more 
clearly ;  they  fear  to  affirm,  that  God  and  nature  are  tlie  fame  thine, 
and  will  confefs,  that  flie  is  but  his  vicegerent ;  yet,  in  pra£tice,  their  aa* 
miration,  and  their  praifes,  are  frequently  given  to  nature,  not  to  Gcd. 

In  Ihort,  as  nature  is  fo  frequently  recurr'd  to,  and  fo  magnify'd  in  the 
writings  of  philofophers,  that  the  excefiive  veneration  men  have  for 
her,  caufed  fome  (as  the  Epicureans)  to  deny  God ;  fb,  'tis  to  be  fear'd, 
that  it  makes  many  forget  him.  And,  perhaps,  a  fufpicious  perfon  would 
add,  that,  were  it  not  for  other  principles,  this  erroneous  idea  of  nature 
would,  too  often,  have  a  ftrong  tendency  to  (hake,  if  not  to  fubvert,  the 
very  foundations  of  all  religion ;  by  mifleading  thofe  who  are  inclined  to  be 
its  enemies,  from  overlookmg  the  neceffity  of  a  God,  to  the  denial  of  his 
exiftence. 

5 .  There  are  many  phenomena,  which  do  not  agree  with  that  notion, 
or  repreientation  m  nature,  I  call  into  queftion.  For,  if  there  were 
fuch  an  intelligent,  powerful,  and  vigilant  being,  as  philofophers  defcribe 
nature  to  be,  feveral  things  would  not  be  done,  which  experience  afTures 
us  are  done. 

The  great  vigilance  of  nature,  for  the  common  good  of  the  univerfe,  is 
pretended  to  be  dem^nftrated  from  the  care  fhe  takes  to  prevent,  or  re- 
plenifh  a  Vacuum ;  which  would  be  very  prejudicial  to  the  fabric  of  the 
world,  ^is  altedged,  that  nature,  in  pumps,  and  the  like  cafes,  raifes 
the  heavy  body  of  water,  in  fpight  of  its  tendency  towards  the  centre  of 
the  earth,  to  obviate,  or  fill  up  a  vacuity ;  and  tnat  out  of  a  gardener's 
watering-pot,  or  an  inverted  tube,  ftopped  at  one  end,  neither  water,  nor 

3uick-(ilver  will  fall  down,  left  it  ihoula  leave  a  Vacuum  behind  it :  but  I 
emand  how  it  comes  to  pafs,  that  if  a  glafs-tube  be  but  a  foot  longer 
than  34  or  35  feet;  or  an  inverted  tube,  fiH'd  with  quick-filrer,  but 
a  finger's  breadth  longer  than  30  inches,  the  water  in  the  one,  and 
the  quick-filver  in  the  other,  will/uhfide?  Is  itpoflible,  that  nature, 
which,  in  pumps,  is  {aid  to  raife  up  every  day  io  many  hundred  ton 
of  water;  and,  if  we  believe  the  fchools,  would  raife  it  to  any  height; 
fliould  not  have  the  difcretion,  or  the  power,  to  lift  up,  or  fuftain,  as 
mvich  water  as  would  ferve  to  fill  one  loot  in  a  glafs  tube,  or  as  much 
quick-filver  as  an  inch  of  a  flender  pipe  will  contain ;  to  obviate,  or  re- 
plenifli,  the  Vacuwn^  fhe  is  faid  to  abhor  ?  Sure,  at  this  rate,  flie  muft 
.  either  have  very  little  power,  or  very  little  knowledge  of  the  power  /he 
has.  So,  likewife,  when  a  glafs-bubble  is  blown  very  thin  at  the  flame  of 
a  lamp,  and  hermetically  feard  whilft  'tis  very  hoc,  the  reafon  aflign'd 
for  its  being  apt  to  break,  when  it  grows  colcl,  is,  that  the  inward  air, 
which  was  before  rarify'd  by  the  heat,  coming  to  be  condenfed  by  the 
cold,  left  the  fpace  deferted  by  the  air,  that  thus  contrafts  itfelf,  fhould 
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"Phtsics.  be  left  void,  nature,  with  violence,  breaks  the  glafs :  but  if  the  glafs  be 
*  -^^^^  '  blown  a  little  ftronger  than  ordinary,  tho'  at  the  flame  of  a  lamp,  the 
bubble,  as  I  have  often  try'd,  will  continue  unbroken,  in  Ipight  of  na- 
ture's abhorrence  of  a  Vacuum.  But  if,  tho*  nature  did  not  hinder  the 
water,  or  the  quick-filver,  from  falling  down,  there  would  no  fuch  Vacuum 
enfue  as  fhe  is  faid  to  abhor ;  why  does  ihe  feem  fo  follicitous  to  hinder 
it ;  why  keep  three  or  four  and  mirty  feet  of  water,  m  perpendicular 
height,  contrary  to  the  nature  of  all  heavy  bodies,  fufpended  in  the  tube  ; 
and  why  fb  fiirioufly  break  to  pieces  a  thin  feal*d  bubble,  to  hinder  a 
Vacuum^  if,  in  cafe  flie  did  not  break  it,  no  Vacuum  would  enfue  ?  On 
the  other  fide,  if  we  admit  her  endeavours  to  hinder  a  Vacuum^  not  to 
have  been  fuperfluous,  we  muft  xx>n£s{s,  that,  where  thefe  endeavours  fuc- 
ceed  not,  there  is  really  produced  fuch  a  Vacuum^  as  (he  is  laid  to  abhor : 
fo  that,  either  flie  muft  be  very  indifcreet  to  trouble  herfelf,  and  tranf- 
grefs  her  own  orcUnary  laws,  to  prevent  a  danger  (he  need  not  fear;  or 
elfe  her  ftrength  muft  oe  very  fmall,  that  is  not  able  to  fill  a  fmall  vacuity 
or  to  break  a  brittle  glafs-bubble. 

Another  grand  inftance  given  of  the  wifHom  of  nature,  and  her  watch- 
"fulnefs  for  the  good  of  the  whole  world,  is,  the  appetite  (he  has  implanted 
in  all  heavy  bodies,  to  deicend  to  the  centre  of  the  earth,  and  in  all  light 
ones,  to  aicend.  But,  lor  pofitive  levity,  till  I  fee  it  better  provM,  than  it 
hath  hitherto  been,  I  allow  no  fuch  thing  implanted  in  fublunary  bodies. 

A  ball  being  let  fall  upon  the  groimd,  will  rebound,  perhaps,  feveral  times, 
before'it  refts.  If  you  ask  why  the  ball  being  dropt  out  or  the  hand,  does 
not  move  on  this  or  that  fide,  or  upwards,  but  fall  direftly  toward  the 
centre  of  the  earth,  in  that  (horteft  line,  the  diameter  of  the  earth  produ- 
ced to  the  centre  of  gravity  of  the  ball  ?  'Twill  be  readily  anfwer'd,  that 
this  proceeds  from  the  ball's  grainty,  an  innate  appetite,  whereby  it  tends 
to  the  centre  of  the  earth  the  neareft  way.  But  then  I  demancl,  whence 
comes  this  rebound,  this  motion  upwards  ?  for,  *tis  plainly  the  genuine  con- 
fequenceof  the  motion  downwards,  and  is,  therefore,  increased  as  that  mo- 
tion in  the  ball  was  increased,  by  falling  from  a  ereater  height :  fo  that  it 
ieems,  that  natiure,  in  fuch  cafes,  plays  a  very  odd  same,  fince  fee  forces  a 
ball,  againft  the  laws  of  heavy  bodies,  to  afcend  feveral  times  upwards, 
upon  account  of  that  very  gravity  whofe  office  it  is  to  carry  it  downwards 
the  direfteft  way :  at  leaft,  (he  feems,  in  fpite  of  the  wifdom  afcribed 
to  her,  to  take  her  meafures  very  ill,  in  malang  the  ball  move  downwards 
with  fo  much  violence,  as  occafions  it  feveral  times  to  fly  back  from  the 
place  flie  intended  it  fhould  go  to.  As  if  nature  could  not  manage  a  ball 
without  letting  it  be  hurried  on  with  far  greater  violence,  than  her  defign 
reo^r'd. 

The  fanie  may  be  fald  of  a  pendulum  :  for,  fince  'tis  unanimoufly  af- 
firmed, that  this  tails  to  the  perpendicular,  upon  account  of  its  gravity,  'tis 
certainly  a  motion  proceeding  from  the  fame  gravity,  that  the  fwing- 
ing  weight  padibs  beyond  the  perpendicular^  conlequently  afcends,  and 
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often  makes  a  multitude  of  vibrations ;   and,  therefore^  very  fiiequehdy  Physics. 
afcends,  before  it  comes  to  reft  in  the  perpendicular.  ^ 

There  are  feveral  inftances  of  perfons  choakM  with  a  hair.  The  reafbn 
of  this  fatal  accident,  is  probably,  the  irritation  made,  by  the  ftay  of  £6  unu* 
fual  a  thing  in  the  throat ;  whence  arife  very  violent  and  diforderly  motions 
to  expel  it,  in  the  oreans  of  refpiration ;  b)r  which  means,  the  continual  cir- 
culation of  the  blood,  nece(&ry  to  life,  is  hinder'd,  the  ccmfequmce  whereof 
is  fpeedy  death.  But  this  agrees  very  ill  with  the  vulgar  fiippofition  of 
fucn  a  kind  and  provident  Bemg,  as  nature,  who  is  reprefented  as  always 
at  hand  to  preferve  the  life  of  animals,  and  fuccour  uiem  in  their  dangers 
and  diftreftes  :  for  fince  a  hair  is  fo  (lender  a  body,  that  it  cannot  ftop  the 
throat,  fo  as  to  hinder,  either  the  free  paflfa^  ot  aliment  into  the  fiomach^ 
or  that  of  air  to  or  from  the  lungs ;  were  it  not  much  better  for  nature, 
to  let  the  hair  flay  th^re,  'till  the  juices  of  the  bodv  have  refolv'd  or  con- 
fumM  it,  or  ibme  favourable  accident  removM  it,  than  like  a  paffionaQb  and 
transported  thing,  oppofe  it  with  fuch  blind  violence^  that  infteadof  ejeft-^ 
ing  the  hair,  fhe  expels  the  life  of  the  perfon  ? 

jHow  the  care  and  wifdom  of  nature  will  be  reconciled  to  fo  improper 
and  diforderly  a  procedure,  I  leave  her  admirers  to  confider.  But  it  will 
appear  very  reconcileable  to  providence  :  for,  in  regard  of  the  ufe  and  ne- 
ceflity  of  deglutition,  and,  in  many  cafes  of  coughing  and  vomiting,  it  was, 
in  the  general,  moft  convenient,  that  the  parts  fubfervient  to  uiefe  mo- 
tions, fliould  be  irritated  by  the  fudden  feme  of  things  that  are  unufual, 
tho',  perhaps,  they  would  not  be  otherwife  dangerous  or  offenfive  ;  becaufe 
it  was  fit  that  the  providence  of  God  fhould,  m  providing  for  the  wel- 
fare of  animals,  have  more  regard  to  that  which  uTually  and  regularly  be^ 
£als  them,  than  to  extraordi^ry  cafes,  or  unfirequent  accidents ;  and  the 
like  confiderations  will  fufficiently  keep  the  divine  providence  from  appear- 
ing to  a€t  irrationally  or  injurioiuly  in  other  cafes. 

it  has  been  frequently  obferv'd,  that  pregnant  women  have  been  made 
to  mifcarry  by  the  fmell  of  an  extinguifli'a  candle,  which  would  before  have 
indeed  diipl^M,  but  not  endangered  the  fame  perfons  :  fb  that  nature^i 
in  thefe  cafes,  feems  very  &r  from  being  fb  prudent  and  careful  as  men 
ufually  fancy  her,  fince  by  an  odour  (he  is  put  into  fuch  imruly  tranfports  : 
and  inftead  of  watching  for  the  welfare  of  the  woman,  whofe  condition 
needed  an  extraordinary  meafure  of  her  care  and  tendemefs,  flie  violently 
precipitates  her  charge  into  a  danger,  that  often  proves  fatal,  not  only  to 
the  mother,  but  alfb  to  the  child. 

How  the  grofs  aberrations  of  nature,  in  the  produdlions  of  monfters,  will 
agree  with  that  great  uniformity,  and  excellent  skill,  afcribed  to  her  in  fe- 
minal  produftions,  I  leave  the  naturifts  to  confider.  Some  of  them,  I  know, 
lay  the  fault  upon  the  fhibbomnefs  of  the  matter,  that  would  not  obey 
the  plaflic  power  of  nature ;  but  'tis  fbrange  it  Ihould  be  pretended,  that 
nature,  which  they  make  a  kind  of  femi-deity,  cannpt  mould  and  fafliion  fo 
fmall,  fbfr,  and  traftable  a  portion  of  matter,  as  that  wherein  the  firft  mo- 
del and  efformation  of  the  embryo  is  made ;  when,  at  the  lame  time,  they 
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Physics,  tell  us,  flie  is  able^  in  fucldng-pumps,  to  raife  and  fuftain  whole  tons  of 
water,  to  prevent  a  Vacuum ;  and  can  tofs  up  into  the  air,  houfes,  walls, 
cafUes,  and  the^  recks  they  are  built  on,  to  let  kindled  gun-powder  have 
the  expanfion  its  new  ftate  requires. 

It  may  be  faid,  that  unlefs  we  admit  fuch  a  Being  as  nature,  to  contrive 
and  manage  corporeal  things,  and^  in  a  regular,  and  methodical  way^  direfb 
them  to  their  refpedHve  ends,  there  will  appear  no  vifible  footfteos  or  proof 
of  a  divine  wifdom  in  the  world.  This  argument,  I  coi^efs,  is  w)  fpecious, 
that  it  made  me  long'  hefitate  what  to  thmk  of  the  received  notion  of  na- 
ture. But  having  further  confiderM  the  matter,  I  faw  it  might  be  an- 
fwer*d,  that  the  curious  contrivance  of  the  univerfe,  and  many  of  its 
parts,  and  the  orderly  courfe  of  things,  with  a  manifeft  tendency  to  de- 
terminate ends,  are  matters  of  feft,  and  depend  not  ujjon  the  fiippofition  of 
fuch  a  Being  as  they  call  nature ;  but,  fettmg  afide  this  or  that  hypothefis, 
may  be  known  by  infpeftion,  if  thofe  who  make  it  be  attentive  and  im- 
partial. Thus  when  a  man  fees  a  human  body  skilfully  diffeAed,  he  can- 
not, if  he  be  intelligent  and  unprejudicM,  but  acknowledge,  that  there  is 
a  moft  curious  and  exq|uifite  contrivance  in  that  incomparable  engine,  and 
in  the  various  parts  of  it,  which  are  admirably  fitted  £>r  diftinA  and  deter- 
sninate  ufes.  do  that  I  cannot  fupprefs  the  manifeft  tokens  of  wifdom  and 
defign,  that  are  to  be  obferved  in  the  wonderful  conftrudtion  and  orderly 
operations  of  the  world  and  its  parts  i  but  endeavour  to  refer  thefe  indica- 
tions of  vrifdom  to  the  true  and  proper  caufe.  An4  as  in  the  hypothefis 
of  the  objeftors,  there  may  be  three  caufes  aflign'd  of  thefe  foot-fteps  of 
wifdom,  God^  Nature,  and  Chance  ;  if,  according  to  our  doftrine.  Nature  be 
laid  afide,  the  competition  will  remain  only  between  God  and  Chance :  and 
iiire  he  muft  be  very  dull,  or  very  fbrongly  prejudiced,  who  Ihall  think  it 
reafonable  to  attribute  fuch  admirable  contrivances,  and  fuch  regular  con- 
dufts,  as  are  obfervable  in  the  corporeal  world,  rather  to  chance  (which 
is  no  proper  caufe  at  all )  than  to  a  moft  intelligent  Being,  from  which  the 
moft  curious  productions  may  well  be  expefted.  But  if  fuch  a  celebrated 
thing,  as  nature  is  commonly  thought,  be  admitted,  'twill  not  be  near  fo 
eafy  to  prove  the  wifdom  of  God  by  his  works,  fince  thefe  may  have  ano- 
ther caufe;  that  moft  watchful  and  provident  Being,  which  men  call  nature. 
And  this  will  be  more  particularly  difficult  in  the  Peripatetic  hypothefis  of  the 
eternity  of  the  world :  for,  according  thereto,  there  appears  no  neceffity,  that 
God  fhould  have  any  thing  to  do  with  it,  fince  he  did  not  make  this  Automaton^ 
but  it  was  always  felf-exiftent,  not  only  as  to  matter,  but  as  to  form  too : 
and  as  for  the  government  or  adminiftration  of  the  bodies  it  confifts  of,  that, 
is  the  proper  bufinefs  of  nature.  If  it  be  objedled,  that  this  Being  is  by  its 
afiertors  acknowledged  to  be  fubordinate  to  God  ;  I  anfwer,  that,  as  it 
may  juftly  be  queftionM,  whether  many  philofophers,  and,  perhaps,  feme 
fefts  of  them,  who  are  adorers  of  nature,  confcfs^d  her  to  be  but  the  fub- 
ftitute  of  a  fuoerior  und  divine  Being ;  fo,  this  diftinftion  and  fubordina- 
tion  is  not  eafy  to  be  proved  againft  thofe  that  fide  with  the  other  an- 
cient philofophers,  who  either  acknowledged  no  fuch  thing,  or  exprefly 
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^enyM  It.  Befides,  this  obje£Hon  fuppofes  the  exiftence  and  fuperioricy  of  Phtsk^ 
a  Deity,  which  therefore  needs  to  be  provM  by  other  ways ;  whereas^  ^XS^/ 
on  my  hypothefis,  the  fame  phenomena  that  difcover  admirable  wifdom^ 
and  maniteft  de(^s  in  the  corporeal  world,  of  themfelves  afford  a  folid 
argument,  both  of  the  exiftence,  and  of  fome  of  the  grand  attributes  of 
God,  with  which  the  reft,  that  properly  belong  to  him,  have  a  nece£&ry 
connexion. 

The  reafons  which  I  concdve  may  have  induced  philofophers  to  take  up,  ^i^fe  «* 
and  rely  on  the  receivM  notion  dF  nature,  arefuch  as  thefe.  ^«r  nodMi^M- 

I.  One  of  the  moft  obvious  may  be  taken  from  the  ^neral  belief,  or,  JJ^J^j^^ 
as  men  fuppofe,  obfervation,  that  feveral  bodies,  as  particularly  the  earth, 
water,  and  other  elements,  have  each  of  them  its  natural  place  affign'd  it 
in  theuniverfe ;  from  which  place,  if  any  portion  of  the  element,  or  a  mix*d 
body,  wherein  that  element  predominates,  happens  to  be  removed,  it  has  a 
flrong  incdOTant  appetite  to  return  to  it ;  becauie,  when  there,  it  ceaies  to 
gravitate,  and  is  then  in  a  place  which  nature  has  qualified  to  preferve  it. 

Now,  I  readily  grant,  tnat  there  being  fuch  a  quantity  of  very  bulky 
bo^es  in  the  world,  'twas  neoeflary  they  ihould  have  places  adequate  to 
their  bignefs ;  and  'twas  thought  nt  by  the  wife  architedl  of  the  univerfe, 
that  they  Ihould  not  be  all  blended  together,  but  that  a  great  portion  of 
each  ihould,  at  the  bc^nning  of  things,  be  difpos'd  of  and  lodg  d  in  a  di« 
ftinA  and  convenient  place.  But  I  fee  no  neccdCty  of  granting  what  is  af- 
ferted  in  t^e  argument :  for  inanimate  bodies  having  no  fenfe  or  percep- 
tion, it  muft  be  all  one  to  them  in  what  place  they  are^  becauie  they  cannot 
be  concerned  to  be  in  one  place  rather  than  in  another,  fince  fuch  a  prefe- 
rence would  require  a  knowledge  that  inanimate  things  have  not.  And, 
for  the  fame  reafon,  a  portion  of  an  element,  removed  by  force  or  chance, 
from  what  they  call  its  proper  place,'  can  have  no  real  appetite  to  return 
thither ;  for,  who  tells  it  that  'tis  in  an  undue  place,  and  that  it  may  bet- 
ter its  condition  by  removing  into  another  ?  And,  who  informs  it,  whe- 
ther that  place  lies  on  this  fide  of  it,  or  on  that,  above  it,  or  beneath  it  ? 
Some  philofophers,  indeed,  have  been  aware  of  the  weaknefs  of  the  argument, 
drawn  from  the  vulgar  inftance  of  terreftrial  bocUes ;  which  being  let  toll  from 
an  eminence,  or  thrown  into  the  air,  fall  of  themfelves,  in  a  direft  line,  to- 
wards the  centre  of  the  earth  ;  and  therefore  they  have  fbengthen'd  it,  by 
pretending,  that  thefe  bodies  have  not  (  as  the  ancients  pretended  )  an  ap- 
petite to  asGxnd  to  the  centre  of  the  earth,  but  to  the  great  mafs  of  their 
connatural  bodies.  I  will  not,  therefore,  accufe  thefe  jmilofophers,  of  the 
inconfiderate  opinion  of  their  predecefifors,  who  would  have  nature  make  all 
heavy  things  aflfeft  to  lodge  themfelves  in  the  center  of  the  eanh,  which  be- 
ing but  a  point,  cannot  contain  any  one  of  them  ;  yet  the  hypothefis  of  thefe 
is  liable  to  other  weighty  objeftions. 

For,  firft,it  is  not  conceivable,  how  an  inanimate  body  fhould  have  an  ap- 
petite to  re-unite  with  homogeneous  bo^es,  whofe  fituationi  and  diftance 
are  uxdmown  to  it. 
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Phtsics.  C^O  It  does  not  appear  that  all  bodies  have  fuch  an  appetite^  as  is  pie- 
'  ^^^*^  ^  fum'd,  of  joining  themfelves  to  greater  maffes  of  connatural  bodies.  Ityou 
file  the  end  of  an  ingot  of  filver  or  of  gold,  the  filings  will  not  fticfc  to  their 
own  mafsy  placed  ever  Co  near,  or  made  to  touch  them,  much  lefs  will  they 
leap  to  it,  when  'tis  at  a  diftance  from  them.  The  like  may  be  faid  of  al- 
moft  all  the  confiftent  bodies  we  are  acquainted  with,  except  the  load-ftone 
and  iron,  and  bodies  that  participate  oi  one  or  the  other  ot  them. 

(3.)  *Tis  obvious,  that  what  makes  terreftrial  matter  fall  thro*  the  air  to 
the  earth,  is  fome  general  agent,  which,  according  to  the  wife  difpofi* 
tion  of  the  author  ot  the  univerfe,  determines  the  motion  of  thofe  bodies 
we  call  heavy,  by  the  ihorteft  ways  permitted  them,  towards  the  central 
part  of  the  terraqueous  globe  j  whether  the  body,  put  into  motion  down- 
'^rards,  be  of  the  fame,  a  like,  or  a  ouite  diflferent  nature,  from  the  greater 
mafs  of  matter,  to  which,  when  tis  a(fi>icated^  it  refts.  If,  from  the 
fide  of  a  (hip,  you  let  fall  a  chip  of  wood,  when  your  arm  is  fo  ftretch'd 
out,  that  the  perpendicular,  or  Ihorteft  line,  between  that  and  the  wa- 
ter, lies  ever  lb  little  without  the  fliip ;  that  chip  will  fall  into  the  fea, 
which  is  a  fluid  body,  and  quite  of  another  nature  than  itfelf,  rather  than 
fwerve  in  the  leaft  from  its  line  of  direftion,  to  rejoin  itfelf  to  the  great 
bulk  of  wood,  whereof  the  fliip  con(ifts.  On  the  other  fide,  if  a  mai^ 
{landing  upon  the  ihore  juft  by  the  fea,  (hall  pour  out  a  glais  of  water,  hold- 
ing the  glafs  juft  over  his  feet ;  that  water  will  fall  into  the  fand,  where 
*twill  be  immediately  foaked  up,  and  difperfcd,  rather  than  deviate  a  little, 
to  join  itfelf  to  fo  great  a  mafs  of  connatural  body,  as  is  the  ocean. 

To  the  general  belief,  ufually  made  part  of  the  preceding  argument,  that 
water  does  not  gravitate  in  water,  its  own  natural  place ;  I  reply,  that 
water  does  gravitate  in  water,  as  well  as  out  of  it,  and  1  elfewhere  prove  it. 
2.  Another  argument,  in  favour  of  the  received  opinion  of  nature,  may 
be  drawn  from  the  ftrong  appetite  that  bodies  have  to  recover  their  ufual 
ftate,  when,  by  any  means,  they  are  put  out  of  it,  and  thereby  forc'd  into 
a  ftate  that  is  callea  preternatural ;  as  air,  violently  comprefled  in  a  blown 
bladder,  will,  as  foon  as  the  force  is  removed,  return  to  its  firft  dimen- 
fions :  as  the  blade  of  a  fword  bent,  reftorcs  itfelf  by  its  innate  power, 
as  foon  as  the  force  ceafes ;  and  as  water,  made  hot  by  the  fire,  haftens, 
when  *tis  removed  thence,  to  recover  its  former  cddnefs. 

But  this  argument,  is  grounded  on  the  affeftions  of  inanimate  bodies ; 
and  fince  an  inanimate  portion  of  matter  is  confeflfediy  deftitute  of  know- 
ledge and  fenfe ;  it  is  uncapable  of  concern  to  be  in  one  ftate,  or  confti- 
tution,  rather  than  another;  for,  it  has  no  knowledge  of  that  wherein  it 
is  at  prefent,  nor  remembrance  of  that  from  which  it  was  forc'd  ;  and, 
confeqwently,  no  appetite  to  forfake  the  former,  and  return  to  the  latter. 
But  every  inanimate  body>  being,  of  itfelf,  indifferent  to  all  places  and 
ftates,  continues  in  that  place^  or  ftate,  to  which  the  aftion  and  refiftance 
of  other  bodies,  and  efpecially  contiguous  ones,  eflfeftually  determine  it. 

And,  before  it  be  alferted,  that  water  heated,  returns,  of  itfelf,  to 
its  natural  cojdnefsj  it  were  fit^  |^t  the  a£fertors  ihould  determine, 
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what  degree,  or  tneafure  of  cddnefs  is  natural  to  that  liqotir ;  and  this,  PHrsicsi 
j£  I  miftake  not,  will  prove  no  eafy  task.  And  I  think  it  yet  more  diffi- 
cult to  determine,  what  degree  of  coldnefs  is  natural  to  water,  fince  this 
liquor  perpetually  varies  its  temperature,  as  to  cold  and  heat,  according  to 
that  of  the  contiguous,  or  neighbouring  bodies,  efpecially  the  air.  And 
therefore  the  water  of  an  unfhaded  pond,  for  inftance,  tho'  it  refts  in  its 
proper  and  natural  place,  as  they  fpeak ;  yet,  in  autumn,  if  the  weather 
be  tair,  the  temper  of  it  will  much  vary  in  the  compafs  of  the  fame  day  ; 
and  the  liquor  be  much  hotter  at  noon,  than  early  in  the  morning,  or  at 
midnight  i  tho'  this  great  diverfity  be  the  effeft  only  of  a  natural  agent, 
the  fun,  a£ting  according  to  its  regular  courfe.  And,  in  the  depm  of 
winter,  *tis  generally  confefled,  that  water  is  much  colder  than  in  the  heat 
of  fummer  ,•  which  feems  to  be  the  reafon  of  what  is  obferv'd  by  water- 
men, that,  on  rivers,  boats  equally  laden,  will  not  fink  fo  deep  in  winter 
as  in  fummer  ,*  the  cold  condenfing  the  water,  and,  confequently,  making 
it  fpecifically  heavier  in  the  former  feaf(m  than  in  the  latter. 

As  to  the  motion  of  reftitution,  obfervable  upon  the  removal,  or  ceafine, 
of  the  force  in  air  violently  comprefTed,  and  in  the  blade  of  a  fword, 
forcibly  bent ;  I  confefs,  it  feems  to  me  very  difficult  to  ai&ga  the  true 
mechanical  caufe  of  it :  yet,  I  think  it  far  more  likely,  that  the  cau£e 
fliould  be  mechanical,  than  that  the  effeft  proceeds  &om  fuch  a  watchful- 
nefs  of  nature,  as  is  pretended.  For  I  queftion  whether  we  have  any  air 
here  below,  that  is  in  other  than  a  violent  ftate ;  the  lower  parts  of  our 
atmofphere  being  conftantly  comprefled  by  the  weight  of  the  upper. 

A  long  narrow  plate  of  filver,  that  has  not  been  hammered,  comprefled, 
or  made  red-hot  in  the  fire,  and  fuffer'd  to  cool  leifurely,  may  be  bent  any 
way,  and  will  conftantly  retain  the  laft  curve  figure,  that  Vou  gave  it. 
But  if,  having  again  ftraitenM  this  plate,  you  give  it  a  few  fmart  ftrokes 
with  a  hammer,    it  will,  by  that  mere  mechanical  change,    become,   a 
fprkigy  body.    The  like  may  be  obferv'd  in  copper,  but  not  To  remarkably, 
and  fcarce  at  all,  in  lead.    From  thefe  phenomena,  I  demand  why,  if  na- 
ture be  fo  careful  to  reftore  bodies  to  their  former  ftate,  fhe  does  not  re-* 
ftore  the  filver-platc  to  its  ftraitnefs,  when  it  is-bent  this  way,  or  that 
way,  before  it  be  hammerM  ?  and  why^  a  few  ftrokes  of  a  hanuner  Ihould 
entitle  the  plate  to  nature's  peculiar  care,  and  make  her  follicitous  to  re- 
ftore  it,  when  bent  ?    And  why,  if  the  ^ringy  plate  be  again  heated  and 
cooled  of  itfelf,  nature  abandons  her  former  care,  and  ui^rs  it  quietly 
to  continue  in  what  crooked  pofture  one  pleafes  to  put  it  ?    And  what  \$ 
the  reafon  of  nature's  greater  partiality  to  filver,  copper,  and  iron,  than 
to  lead  and  gold,  with  regard  to  the  motion  of  reratution  ?    However, 
even  in  fword-blades,  it  has  been  often  obferved,  that  tho^  if,  foon  after 
they  are  bent,  the  force  that  bent  them  be  wididmwn,  they  will  fiiddenl; 
retmn  to  their  former  fbaitnefs  j  yet,  if  they  be  kept  too  long  curved, 
thev  will  lofe  th^  elaflic  power,  and  continue  in  mat  crooked  pofture, 
tho  the  force  that  put  them  mto  it,  cMfes  to  aft :  fo  that,  it  ieemSj,  nature 
cafily  forgets  die  caie  flie  jsraj  h^  prefunied  at  fii£Lta  tak^ 
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Phtsic^.'  $.  It  psJks  for  current,  and  feems  much  to  favour  the  opinion  of  the  na^ 
turifts,  that  what  is  violent,  is  contrary  to  nature,  and  therefore  cannot 
laft  l<Mig*  This  trite  fentence  is,  by  the  fchools,  fo  particularly  apply 'd  to 
local  motion^  that  fbme  of  them  have  made  it  the  cnarafteriftic,  whereby 
to  diftinguifh  natural  motions  from  others ;  that  the  former  are  perpetual, 
or  at  leaft  very  durable,  but  the  latter,  being  continually  checked  by  the 
contrariety  or  nature,  continually  decay,  and  are,  witmn  no  long  time, 
fuppreffed. 

But  it  may  be  juftly  oueftioned,  whether  there  is  any  motion  among  in- 
animate bodies,  that  deferves  to  be  called  violent,  in  contradiftinftion  to  na- 
tural;  fince,  among  fuch,  all  motions,  where  no  intelligent  agent  inter- 
venes, are  made  according  to  univerfal,  and  mechanical  laws. 

And  methinks,  the  Peripatetics^  who  are  moft  forward  to  employ  this 
axiom,  fhould  find  but  little  reafon  for  doing  fo,  if  they  conlider^d  how  un- 
fuitable  it  is  to  their  doftrine,  that  the  vaft  body  of  the  firmament,  and  all 
the  planetary  orbs  are,  by  the  Primum  Mobile ^  with  a  ftupendous  fwifrnefs, 
whirfd  about  irom  eaft  to  weft,  in  four  and  twenty  hours,  contrary  to 
their  natural  tendency ;  and,  that  this  violent  and  rapid  motion,  of  the 
incomparably  greater  part  of  the  univerfe,  has  lafted  as  long  as  the  world 
itfelf,  that  is,  accorcUng  to  Ariflotky  for  innumerable  ages. 

We  may  alfo  obferve  here  below,  that  the  ebbing  and  flowing  of  the 
fea,  which  is  generally  fuppos'd  to  proceed  either  from  the  motion  of  the 
moon,  or  that  of  the  terireftrial  globe,  or  fome  other  external  caufe,  has 
lafted  for  fome  thoufands  of  years,  and  probably  will  laft  as  long  as  the 
prefent  ^em  of  our  vortex  continues.  That  other  great  ocean  too,  the 
atmofphere,  confifts  of  numberlefs  myriads  of  corpu£:les,  that  are  here 
below  continually  kept  in  a  violent  ftate  j  fince  they  are  elaftical  bodies, 
whereof  the  iower  are  ftill  comprefs'd  by  the  weight  of  the  upper.  And, 
to  make  a  fpring  of  a  body,  it  is  requifite  that  it  be  forcibly  bent  or 
ftretchM,  and  have  fuch  a  perpetual  endeavour  to  fly  open,  or  to  fhrink 
in,  that  it  will  not  fail  to  do  either,  as  foon  as  the  force,  that  hindered 
it,  is  remov'd  And,  as  for  the  ftates  of  inanimate  bodies,  I  fee  not, 
that  their  being  or  not  being  natural,  is,  with  any  certainty,  manifeft 
from  their  being  or  not  being  very  durable.  For  leaves  that  wither  in  a 
few  months,  and  blolfoms  that  often  fade  in  a  few  days,  are  as  well  natu- 
ral bodies,  as  the  folid  and  durable  trees  that  bear  them.  And  'tis  obvious, 
that,  whether  we  make  the  ftate  of  fluidity,  or  of  congelation,  to  be  na- 
tural to  water,  and  the  other  violent ;  its  change  from  one  of  thofe  ftates 
into  the  other,  and  even  its  return  to  its  former  ftate,  is  often,  at  fcMue 
Ibafons,  and  in  fome  places,  made  perhaps  in  an,  hour  or  lefs,  by  caufes 
adtnowledgM  to  be  natural.  Mifts,  hail,  whirlwinds,  lightning,  fallin^- 
ftars>  ^c.  dio*  natural  bodies,  are  far  from  being  lafting  ,•  efpecially  m 
comparifon  of  glais,  wherein  the  ingredients,  iand  and  fix'd  fait,  are 
brought  together  by  great  violence  of  fire.  And  the  motion  that  a  thin 
plate  of  diis  glafs  can  exercife,  to  reftore  itfelf  to  its  former  pofition,  when 
Ibrcibly  bentj  is  in  great  part  a  lafting  tSsSt  of  tbs  ikme  violence  of  the 

fire# 


.1 


^gar  Ni^hn  of  Nature.  Iiy 

fire :  ftnd  fo  is  the  moft  durable  perfeverance  of  the  alcaline  fL.:^  one  o£  Phtsics. 
the  two  ingredients  of  glafs,  the*  very  eafily  ibluble  in  water  and  other  V  ^^^^ 
liquors,  and  even  in  the  moift  air  itfelf. 

4.  There  is  a  diftin£bion  of  local  motion,  into  natural  and  violent,  fo  ge- 
nerally received  and  ufed,  both  by  philofophers  and  phyficians,  that  it 
deferves  our  notice  here ;  fince  it  implicitly  contains  an  argument  for  the 
exigence  of  the  thing  callM  nature,  oy  fuppofii^  it  fo  mani&ftj  that  aa 
important  diftin£tion  may  juftly  be  grounded  on  it. 

This  objeftion,  I  conrcfs,  is  difficult  to  clear  i  not  for  any  force  in  it, 
but  the  ambiguity  of  the  terms,  wherein  the  diftinflion  is  employed :  for 
moft  men  fpealc  of  this  diftin£tion  of  motion,  in  fo  obfciure,  or  io  imcer-^ 
tain  a  way,  that  'tis  not'  eafy  to  know  what  they  mean  by  either  member 
thereof.  Yet  fome  there  are,  who  endeavour  to  i|>eak  intelligibly,  and 
define  natural  motion  to  be  that,  whofe  principle  is  within  the  moving 
body ;  and  violent  motion,  that  which  bodies  are  put  into  by  an  external 
agent.  But,  even  according  to  this  explication,  I  am  not  (atisfied  with  the 
diftinftion :  for,  as  'tis  a  principle  received,  and  frequently  employ *d,  by 
Ariflotle  and  his  followers.  That  whatever  moves ^  is  put  in  motion  by  fomewhat 
elfe;  it  feems,  that,  according  to  this  axiom^  all  motion  may  be  called* 
violent,  fince  it  proceeds  from  an  external  agent.  And  indeed,  according 
to  the  fchool-philofbphers,  the  motion  of  far  the  greateft  part  of  the  vifible* 
world,  tho'  this  motion  be  moft  regular  and  lafting,  muft  nence  be  reputed 
violent ;  fince  they  affert,  that  the  immenfe  firmament  itfelf,  with  all  the 
planetary  orbs,  is  perpetually,  and  againft  its  native  tendency,  hurry'd 
about  the  centre  of  the  world,  once  in  twenty-four  hours,  by  an  external, 
invifible  agent,  which  they  therefore  call  the  Primum  Mobile.  And  as  for 
the  criterion  of  natural  motion,  that  its  frincifte  is  within  the  moving  body^ 
it  may  be  faid,  that  all  bodies,  once  in  the  ftate  of  afhial  motion,  what^ 
ever  caufe  firft  brought  them  to  it,  are  moved  by  an  internal  principle  :  for 
inftance,  an  arrow,  that  aftually  flies  in  the  air  towards  a  mark,  move&. 
by  fome  principle  or  other  refiding  within  itfelf  j  for  it  does  not  depend  oa 
the  bow  'twas  mot  out  of,  fince  'twould  continue,  tho*  that  were  broken,  or 
annihilated ;  nor  does  it  depend  upon  the  medium,  which  more  refifts  diaa 
affifts  its  progrefs.  And  it  we  fhould  fuppofe  the  air  either  to  be  annihi*- 
lated,  or  rcnder'd  uncapable  of  furthering  or  hindring  its  progrefs,  I  fee^ 
not  why  the  motion  of  the  arrow  muft  neceflarily  ceafe,  fince  in  this  cafe 
there  remains  no  medium  to  oppofe  its  progrefs.  When  in  a  watch  that 
is  wound  up,  the  fpring  endeavours  to  unbend  itfelf;  and  when  the  firing 
of  a  drawn  bow  is  broken  or  let  go ;  the  fpring  of  the  former,  and  the- 
woody  part  of  the  latter,  both  return  to  a  lefs  curved  line.  And  tbo^ 
thefe  motions  are  occafioned  by  the  forcible  afts  of  external  agents,  yet  the 
watch,  the  fpring,  and  the  bow,  have  in  themfelves,  for  ought  appears  to 
thofe  Ireafon  with,  aa  inward  principle,  by  which  they  are  mov^M,  tiH* 
they  have  attained  their  pofition.  Some  would  add,  that  a  i^uib,  or  ar 
rocket,  tho^  an  artificial  body,  feems,  as  well  as  a  falling-fiar,  to  move^ 
from  an  internal  principle*  On  thp  other  fide,  external  agents. arc  requifite 
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Physics  to  pffy  motions]  acknowledged  to  be  natural ;  as  the"teM  o^  Ae  fiin  to 
tbb  germination  and  flourifhing  of  feveral  plants,  hung  up  in  the  air  in  the 
fpring.  And  if  in  the  air-pump  you  place  feveral  inle£l$,  and  withdraw 
the  common  air  from  the  receiver,  they  will  lie  movelefs.  as  if  they  were 
dead,  tho*  it  be  for  feveral  hours,  whilft  they  are  kept  from  enjoying  the 
air :  but  when  that  is  permitted  again  to  return  upon  them,  they  will  pre- 
fently  revive,  and  be  brought  to  move  again ;  as  if  a  fly,  for  inftance, 
refcrobled  a  little  wind-mill,  in  being  movelefs  of  itfelf,  and  requiring 
the  aftion  of  the  air  to  put  its  wings,  and  other  parts  into  motion.  But, 
fince  motion  is  not  elTential  to  matter,  as  divifibility  and  impenetrability 
are  believ'd  to  be ;  the  motions  of  all  bodies,  at  leaft  at  the  beginning  of 
things,  and  of  moft,  the  caufes  of  whofe  motions  we  can  difcern,  were 
impreffed  on  them ;  either  by  an  external  immaterial  agent,  God,  or  by 
external  portions  of  matter  aAing  on  them. 

And  tho'  motion  be  defcrvedty  made  a  principal  part  of  Ariftotle's  de- 
finirion  of  nature ;  vet  men  ufuaUy  call  fuch  motions  natural,  as  are  very 
hard  to  diftinguifli  feom  thofe  they  call  violent.  Thus,  when  water  falls 
.  to  the  grouno,  they  tell  us,  this  morion  is  natural  to  that  liquor,  as  'tis  a 
heavy  ooAy  i  but  when  a  man  ipurts  water  into  the  air,  they  pronounce 
the  motion,  becaufe  of  its  tendency  upwards,  to  be  contrary  to  nature  : 
yet  when  he  draws  water  into  his  mouth  thro*  a  pipe  held  perpendicu- 
brly,  they  will  have  this  motion,  fho^  direftly  upwards,  to  be  not  violent, 
but  natural.  So  when  a  blown  bladder,  let  &11  upon  a  floor,  rebounds, 
the  defcent  and  afcent  are  both  faid  to  be  natural  motions ;  tho'  the  for- 
mer tends  towards  the  centre  of  the  earth,  and  the  latter  from  it.  And 
io^  if,  from  a  confiderable  height,  you  let  fall  a  ^here  of  fome  clofe  wood, 
not  too  heavy,  into  a  deep  veflel  of  water,  it  will  defcend  far  in  that  li- 
quor, by  a  natural  motion ;  yet  its  contrary  motion,  upwards,  ought  not 
to  be  efteem'd  violent,  fince,  according  to  the  fchools,  being  lighter  in 
Specie  than  water,  'tis  natural  to  it  to  aflfeft  its  proper  place ;  for  which 
purpofe.  It  muft  afcend  to  the  top  of  the  liquor,  and  float.  *Tis,  however, 
jDX>m  thefe  tendencies  to  oppofite  points,  that  men  judge  many  motions  of 
bodies  to  be  natural,  or  violent. 

And,  indeed,  fince  it  muft  be  indifferent  to  a  lifelefs  and  infenfible  body, 
to  what  place  'tis  made  to  move,  all  its  motions  may,  in  one  refpeft,  be 
laid  to  be  natural ^  and,  in  another,  violent:  for  as  very  many  bodies, 
of  a  vifibtc  bulk,  are  fet  in  motion  by  external  impellents,  upon  which 
account,  their  motions  may  be  faid  to  be  violent  j  fo  the  generality  of  im- 
pelled bodies;  move  upwards,  downwards,  CjTc.  toward  any  part  of  the 
EWorld,  in  what  line  foever  they  find  their  motion  leaft  refitted  j  which  im- 
pulfe  and  tendency  being  given  by  virtue  of  what  they  call  the  general 
iaws  tf  nature,  the  motion  may  be  faid  to  be  natural. 

The  vulgar  diftinftion  of  motion,  therefore,  into  natural  and  violent,  is 
iwt  fo  dear  and  well-gtounded,  as  to  oblige  us  to  admit  that  there  is 
£]ch  a  Beix^  as  the  naturifts  latere. 
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5.  I  come  now  to  confidcr  the  argument  that  may  be  drawn  in  favour  of  Physicj 
the  received  notion  of  nature,  from  the  critical  evacuations,  which  happen  JCXVNi 
in  difeafes  ,•  and  the  ftrange  ftratagems  that  nature  is  ikid  to  make  uie  of,  ^*  ^Jf'^^'cr 
to  free  herfelf  from  the  noxious  hiimours  that  opprefs  her.  f%Mmi»'d. 

This  argument  I  willingly  acknowledge  to  be  very  confiderable ;  for  we 
really  fee,  that  in  continual  fevers,  efpecially  in  hot  climates,  there  ulually 
happen,  at  certain  times  of  the  difeale,  notable  commotions,  or  conflifts, 
after  which  the  morbific  matter  is  difpofed  of,  and  difcharced  by  ways 
{hrange  and  furprizing ;  to  the  great  and  fudden  relief  of  the  patient. 
Upon  this  account,  I  take  the  argument  drawn  from  crifes  to  be  much  the 
llrongeft  that  can  be  urged  for  the  opinion  from  which  I  diflfent. 

But  the  body  of  a  man  is  an  incomparable  engine,  which  the  moft  wife 
author  of  thinjgs  has  fo  skilfully  framed,  for  falling  many  years,  that,  if 
there  were  in  it  an  intelligent  prindple  of  felf-prefervation,  (as  the  natu- 
rifts  fuppofe  there  is)  things  would  not,  in  moft  cafes,  be  better,  or 
otherwile  managed,  for  the  preiervation  of  the  animal,  than  they  generally 
are.  So  that  the  queftion  is  not,  whether  there  be  a  great  deal  of  provi- 
dence and  wifdom  exercifed  in  the  crifes  of  difeafes ;  but  upon  what  ac- 
count it  is,  that  thefe  appofite  things  are  performed  ?  Tis  the  univerfal 
opinion  of  phyficians,  that  'tis  the  intelligent  principle  they  call  nature; 
which,  being  follicitous  for  the  welfare  cf  the  patient,  and  diftreffed  by 
the  quantity,  or  hurtfulnefs  of  the  morbific  matter,  watches  her  oppor- 
tunity to  expel  it  haftily  out  of  the  body,  by  the  moft  life  and  convenient 
ways,  which,  in  the  prefent  condition  of  the  patient,  can  be  taken.  I^ 
on  the  other  fide,  attribute  crifes  to  the  wifdom  and  ordinary  providence 
of  God,  exerting  itfelf  by  the  mechaniim  of  that  great  machine,  the  world ; 
and  of  that  fmaUer  engine,  the  human  body,  as  oonftituted  in  the  patient's 
circumftances.  The  reafons  that  hinder  me  from  acquiefcing  in  the  gene* 
ral  opinion  of  phyficians,  about  crifes,  are  principally  thefe. 

Crifes,  properly  fo  call'd,  very  fcldom  happen,  except  in  fevers,  and 
the  like  acute  difeafes ;  where,  according  to  the  common  courfe  of  things, 
the  diforder  is  foon  terminated,  either  by  recovery,  death,  or  a  change 
into  fome  other  difeafe :  but  chronical  fickneflfes,  unlefs  they  happen  to  be 
accompany 'd  with  feverifh  diftempers,  ufually  have  no  crifes.  This  ar- 
gues, that  nature  doth  not  make  critical  evacuations,  upon  account  of 
fuch  care  and  watchfulnefs,  as  phyficians  afcribe  them  to ;  fince  fhe  neg- 
lefts  to  employ  fo  v/holefbm  an  expedient  in  difeafes,  that  are  often  no 
lefs  dangerous  and  mortal  than  acute  ones,  which  ihe  attempts  to  cure  by 
crifes. 

Again,  critical  evacuations  may  be  procured  by  the  bare  mechanifm  of 
the  body  j  for,  by  virtue  of  that,  the  fibres,  or  motive  organs  of  the  fto- 
mach,  Pijleray  and  other  parts,  being  diftended,  or  vellicated,  by  the 
abundance,  or  acrimony,  of  the  peccant  matter,  will,  fometimes,  by  fuch 
an  irritation,  be  nnade  to  contract  themfelvcs  vigoroudy,  and  to  throw 
out  the  matter  that  offends  the  part,  either  by  the  emunftories  of  the  bo- 
dy, or  by  whatever  paffages  it  can,  with  moft  eafe,  be  difcharced.    Thus, 
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Physics,  when  feme  men  find  their  ftomachs  burden'd  with  aliment,  they  provoke 
it  to  unload  itfelf  with  a  feather,  or  the  like,  without  being  beholden  to 
nature's  watchfidnefs  for  a  crlfis,  which,  probably,  fhe  would  not  attempt. 
And  as  *tis  ufual  for  crifes  to  be  made  in  fevers  by  large  hemorrhagies  at  tne 
nole,  and  other  parts ;  which  is  afcribed  to  nature's  care  for  the  patient ^s 
recovery  ;  I  muft  add,  that  it  hath  been  often  obferved,  that  even,  after 
death,  large  bleedings  have  happened  at  feveral  other  parts  of  the  body ; 
which  fhews,  that  fuch  excretions  may  be  made  by  virtue  of  the  ftrufture 
of  the  machine,  or  the  turgefcence  and  acrimony  of  the  humours,  without 
any  defign  of  nature  to  fave  the  life  of  the  patient. 

Indeed,  if  it  appearM,  by  experience,  that  all  crifes  of  difeafes  either 
expeird  the  morbific  matter,  or  notably  relieved  the  patient ;  the  critical 
attempts  of  nature  would  much  favour  the  opinion  men  have  conceived  of 
her  vigilance  and  conduft :  but  unwelcome  inftances  daily  (hew,  that,  as 
'fome  crifes  are  falutary,  fo  others  prove  mortal  And,  among  thofe  that 
do  not  diredWy  kill  the  patient,  there  are  feveral  which  leave  him  in  a 
worfe  condition  than  he  was  before.  I,  therefore,  wonder  not,  that  phy- 
ficians  have  thought  themfelves  obliged  to  lay  down  feveral  circumftanccs, 
as  neceflary  requifites  of  a  laudable  crifis ;  if  any  of  which  be  wanting, 
'tis  not  thought  of  the  bett  kind  r  and  if  the  contrary  to  fome  of  them 
happen,  *tis  to  be  judged  either  pernicious,  or  hurtful.  For,  as  there 
are  two  general  ways,  fuppofed  to  be  employed  by  nature,  in  making 
crifes ;  the  one  by  expulfion  of  the  peccant  matter  out  of  the  body ;  and 
the  other,  by  the  fettling  of  the  matter  fbmewhere  within  it ;  neither  of 
thefe  is  conftantly  fuccelsful. 

Whence  experience  hath  obliged  phyficians  to  divide  crifes  not  only  into 
perfeft,  that  fully  determine  the  event  of  the  difeafe ;  and  imperfeft,  that 
only  alter  it  for  the  better  or  the  worfe  ;  but  into  falutary,  that  quite  re- 
lieve the  patient;  and  monal,  which  deftroy  him.  And,  to  a  perfeft  and 
falutary  crifis,  fome  require  no  lefs  than  fix  conditions ;  that  it  be  pre- 
ceded by  figns  of  codlion ;  that  it  be  made  by  a  manifeft  and  fufficient  ex- 
cretion, or  tranflation ;  that  it  happen  upon  a  critical  day ;  that  it  leave 
no  relicks  behind,  to  endanger  a  relapfe;  that  it  be  without  dangerous 
fymptoms  ;  and,  laftly,  fuitable  to  the  jiature  of  the  difeafe,  and  the  pa- 
tient. 

Hence  it  may  appear  no  common  thing  to  meet  with  a  pcrfeft  and  fa- 
lutary crifis,  fince  fo  many  laudable  conditions  muft  concur  in  it.  And, 
indeed,  nature  ufdally  takes  up  but  with  imperfeft  ones ;  and  it  were 
happy  if  fhe  made  no  better,  provided  (he  made  no  worfe.  But  ^tis  found, 
by  lad  experience,  that  (he  rouzes  herfelf  up  to  make  a  crifis,  not  only 
upon  improper  days,  but  alfo  when  there  appear  no  figns  of  coftion ;  and, 
by  thefe  unfeafonable  attempts,  weakens  the  patient  and  encreafes  the 
malady,  or,  perhaps,  makes  it  fpeedily  mortal.  Nor  will  it  juftify  nature, 
to  fay,  tliat  thefe  attempts  are  accidentally  brought  on,  by  the  acrimony, 
or  importunity  of  the  morbific  matter,  by  which  (he  is  provoked,  before 
the  time^  to  endeavour  an  expulfion  of  it.    For  if  nature  be  fo  prudent 
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and  watchful  a  guardian,  as  is  thought,  flie  fhould  not  fuflfer  herfelf  to  be  Physics. 
provoked  to  aft  prepofteroufly,  and  make  furious  attempts,  that  lavifli  the 
little  llrength  the  patient  hath  fo  much  need  of.  And,  therefore,  phyfi- 
cians  often  do  very  well,  when,  agreeably  to  the  didtates  of  prudence, 
'  they  forget  how  much  wifdom  they  are  apt  to  afcribe  to  nature,  and 
employ  their  beft  skill  and  remedies  to  fupprefs,  or  moderate,  the  inordi- 
nate motions,  or  the  improper  and  profufe  evacuations,  that  (he,  when 
irritated,  rafhly  begins  to  make.  Ana  tho'  the  crifes  that  are  made  by  a 
tranflation  of  the  peccant  matter,  or  by  lodging  it  in  fome  particular 
part  of  the  body,  be  often,  when  they  are  not  lalutary,  fomewhat  lefs 
nurtftil  than  thofe  made  by  excretion  ;  yet  thefe,  frequently,  prove  dan- 
gerous i  fometimes  producing  inward  impofthumes,.  or  external  tumors, 
m  parts  either  noble  by  their  lundtions,  fituation,  connexion,  or  fympathy 
with  others,  that  are  not  to  be  without  hazard,  or  great  inconvenience^ 
opprefs'd. 

I  know  that  phyficians  make  it  a  great  argument  of  nature's  providence 
and  skill,  that  (he  watches  for  the  concoftion  of  the  peccant  matter,  before 
fhe  attempts  to  expel  it  by  acrifis.  But  what  is  to  be  meant  by  this  codlion 
of  humours,  they  do  not  clearly  declare.  As  I  underftand  it,  when  they  fay, 
that  a  portion  of  peccant  matter  is  brought  to  coftion,  they  mean,  that  it 
has  acquirM  fuch  a  difpofition,  as  makes  it  more  fit  than  before,  to  be  fe- 

}>arated  from  the  founder  portion  of  the  mafs  of  blood,  or  from  the  con- 
iftent  parts  to  which  it,  perhaps,  formerly  adhered;  and  to  be  afterwards 
expell  a  out  of  the  body.  As  where  the  lungs  are  affefted  by  a  frefli  taken 
cold,  we  fee,  that,  after  a  few  days,  the  phlegm  is  made  more  fluid,  and  that 
lodged  in  them,  is  eafily  brought  up  by  the  coughing,  which  could  not  dif- 
lodge  it  before. 

And,  in  fevers,  that  feparation  in  the  urine,  which  phyficians  look  upoA 
as  a  good  fign  of  coftion,  feems  to  be  produced  by  fome  part  of  the  peccant 
matter,  that,  beginning  to  be  feparated  from  the  blood,  mixes  with  the 
uripe,  and  is  not  ufually  diftinguifli'dfromit,  whilft  this  liquor  iswarm ;  but 
wfien  grown  cold,  on  account  of  its  weight,  or  texture,  appears  in  a  diftinft 
form ;  as  of  a  cloud,  fediment,  &c. 

But,  whatever  they  mean  by  coftion,  'tis  plain  that,  on  many  occafions, 
nature  waits  not  for  it,  but  unfeafonably,  and  often  vrith  danger,  attempts 
to  throw  off  the  matter  that  offends  her,  before  it  be  duly  prepared  for  ex- 
pulfion. 

'Tis  a  circumftance  of  crifes,  thought  the  moft  wonderful,  that  nature 
often,  by  very  unufual  ways,  and  at  unexpected  places,  difcharges  the  mat- 
ter that  oftends  her,  and  thereby  either  cures,  or  notably  relieves  the  pa- 
tient. 

But,  fetting  afide  extraordinary  cafes,  it  feems  probable,  that  the  perfor- 
mances of  nature,  in  common  crifes,  are,  in  fome  meafure,  referable  to  the  par- 
ticular condition  of  the  matter  to  be  expelled,  but  principally  to  a  peculiar  dif- 
pofition in  the  primitive  fabric  of  fome  parts  of  the  patient's  body ;  or  fome 
unufual  change  made  in  the  conftruftion  of  thefe  parts  by  the  difeafe  itfelf,  or 
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Phisics.  other  accidents  :  which  original,  or  adventitious  difpofition  being  invifiblc 
to  us,  at  leaft  whilft  the  patient  lives,  we  are  apt  to  afcribe  the  unexpefted 
llccidents  of  a  crifis,  if  it  prove  lalutary,  to  the  wonderful  providence  of 
nature  ;     and  if  it   happen   other\^ife,    to  overlook  them.      Plentiful 
Tvacuations,  procured  by  medicines,  are  a  kind  of  artificial  crifes.    Some 
1x)dies,  we  fee,  are  fo  conftituted,  that  tho'  the  peccant  humour,  wrought 
on  by  the  medicine,  ought,  as  the  nhyfician  thinks>  to  be  expeUM  by  ftool, 
in  the  generality  of  thofe  who  take  rhubarb  or  fena  ;    yet  the  peailiar 
dilpofition  of  the  patient's  ftomach  will  make  that  an  emetic,   which  waB 
intended  for  a  cathartic.    Nor  does  this  conftitution  of  the  ftomach  equally 
regard  all  purging  medicines ,-  for  the  fame  ftomach  that  will  rejeft  them 
in   the  form  of  a  potion,     will  quietly  retain  them,    in  that  of  pill^. 
Thus  mercury,  which  tho',  when  duly  prepared,  is  ufoally  mven  to  pro- 
cure falivation,  efpecially  to  fucculent  bodies  ;  yet  there  are  lome  patients, 
wherein,  inftead   of  falivating,  'twill  work  violently  downwards,  like  a 
purge ;  or  make  fome  other  unexpefted  evacuation.     And  I  have  feen  a 
patient,  who,  tho*  young  and  very  lat,  could  not  be  brought  to  falivate,  ei- 
ther by  the  gentler  ways  ;  by  turbith-mineral,  or  other  harfher  medicifies, 
tho*  adminilhred  by  very  skilful  phyficians  and  chhux^geons. 

And  thfs  peculiarity  may  be  as  well  contracted,  a5  nathre  :  fdr  (oTf^ 
j>erlbns,  efpecially  after  fxurfeits,  having  been  nrflly dealt  with,  or,  at  leaft, 
tired  out  with  a  medicine  of  this  or  u»t  kind  of  form,  will  afterwards 
iiaufeate  and  vomit  up  the  like,  tho'  in  other  bodies  it  be  very  far  fixmi 
emetic. 

We  fee,  alfb,  that  fometimes  fudorific  medicines,  inftead  of  procuring 
Iweat,  prove  briskly  diuretic,  and  fometimes  either  purging  or  vomitive. 

From  all  this  we  may  argue,  that  the  qualities  of  the  irritating  miatter, 
and  much  more  the  particular  difpofition  of  the  patient's  body,  may  pro- 
cure evacuations  at  unexpedted  places. 

There  are  alfoinftances  of  periodical  and  critical  Evacuations,  at  very  in- 
convenient, and  unufual  vents.  Thus  fome  women  are  recorded  to  have 
had  riieir  menfes,  fometimes  at  the  eyes,  fometimes  at  the  navel,  fometimes 
at  the  mouth,  &c.  of  which  there  feems  not:aufe  fo  probable,  as  fome  pe- 
culiar ftrufture,  whether  native  or  adventitious,  of  the  internal  parts  con- 
cerned in  that  difcharge :  and  of  fuch  unufual  ftruftures,  anatomifts  muft 
have  feen  many,  fince  I  myfelf  have  obferv'd  more  than  one  or  two.  Now 
if  thefe  uncommon  ways  of  difpofing  of  the  morbific  matter,  we  real  ways  fa- 
lutary  to  the  patient,  the  argument  grounded  on  them  would  have  more 
weight :  but  tho'  moft  men  take  notice  of  this  fort  of  crifes,  only  when  they 
are  lucky,  yet  an  impartial  obferver  fliall  often  find,  that  ill-condition'd  and 
hurtful  ones,  may  be  made  by  unufual  and  unexpefted  ways.  And,  in 
fome  tranflations  of  the  morbific  matter  to  diftant  and  nobler  parts,  per- 
haps it  will  be  as  difficult  to  fliew,  by  what  channels  or  known  ways  the 
matter  pafsM  from  one  to  another,  as  'tis  to  determine,  how  it  was  con- 
ducted to  the  pans  that  moft  happily  vented  it. 

"Tis 
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Tis  my  fettled  opinion,  that  divine  prudence  is,  at  leaft,  often  Physic*. 
ccncernM,  in  a  peculiar  manner,  about  the  adions  of  men,  and  the  things 
that  happen  to  them,  or  has  a  neceflary  connexion  with  the  one,  the  other, 
or  both.  And  tho'  I  think  it  probable,  that  in  the  conduft  of  that  fiir 
greateft  part  of  the  univerfe,  which  is  merely  corporeal,  the  wife  author 
of  it  feldom  manifeftly  procures  a  recefs  from  the  fettled  courie  of  the 
univerfe,  and  rfpecially  From  the  moft  general  laws  of  motion  ;  yet,  where 
men,  who  are  creatures,  that  he  is  pleas'dto  endow  with  free- will  (at  leaft 
with  regard  to  things  not  fpiritual)  are  nearly  and  hig^ily  concerned  ;  he 
may,  not  <Mily  fbmetimes  by  thofe  fignsl  and  manifeft  interpofitions  we  call 
miiacles,  afted  in  a  fupeniatural  way  ;  but,  ns  the  Ibverei^n  lord  and  go- 
vcrnour  of  theworki,  frequently  give,  by  the  intervention  of  rational  mmds, 
as  well  united,  as  not  united  to  human  bodies,  levcral  fuch  determinations 
to  the  motion  of  parts  in  thofe  bodies,  and  of  others,  which  may  be  afie<fled 
by  them,  as  by  laws  merely  mechanical,  thofe  parts  of  matter  would  not 
have  had  :  and  by  motions  fo  determine, either  iaJutary  or  fatal  cri&s, 
and  many  other  things,  conducive  to  the  welfare  or  detriment  of  men,  may 
be  produced. 

The  interpofition  of  divine  providence,  in  cafes  of  life  and  death,  might 
be  eafily  Ihewn  to  chriilians,  from  feveral  palTages  of  fcripture.  And,  I 
think,  it  becomes  a  chriftian  philofopher,  to  admit  in  general,  that  Qod 
ibmetimes  in  a  {>ecoliar,  tho*  fecret  way,  interpofes  in  the  ordinary  phe- 
nomena and  events  of  crifes ;  but  that  this  is  done  fo  feldom,  at  leaft  in  a 
way  that  we  can  cenainly  difcem,  that  we  are  not  haftily  to  have  recourfe 
to  an  extraordinary  providence,  and  much  lefs  to  the  ftrange  care  and  skill 
of  that  queftionM  Being  caird  nature,  in  a  particular  caie,  if  it  may  be 
probably  accounted  for  by  mechanical  laws,  and  the  ordinary  courfe  of 
things. 

When  we  conftdcr  the  world,  and  the  phyfieal  changes  that  happen  in 
It,  with  regard  to  the  divine  wifdom  and  providence  ,•  the  arguments  for  the 
affirmative  ought,  in  their  kind,  to  have  more  force  than  thofe  for  the  ne- 
gative. For  it  feems  more  allowable,  to  argue  a  providence  from  the  exqui- 
iite  ftru£lure  and  fymmetry  of  the  mundane  bodies,  and  the  apt  fiibordi- 
nation  and  train  of  cauies,  than  to  infer  from  fome  phjrfical  irregularities, 
that  things  are  not  fram'd  and  adminiftred  by  a  wife  autlK>r  and  gover- 
nour.  For  the  charafters  and  imprcffions  of  wifdom,  confpicuous  in  the 
curious  fabric,  and  orderly  train  of  things,  can,  with  no  probability,  be 
referred  to  blind  chance,  but  to  a  moft  intelligent  and  deiigning  agent. 
Whereas,  on  the  other  hand,  the  irregularities  we  fpeak  of,  are  incompa- 
rably fewer  than  thofe  things  which  are  regular,  arid  produced  in  an  or- 
derly way  ;  and  the  divine  maker  of  the  univerfe  being  a  moft  free  agent, 
and  having  an  intelle£i  infinitely  fuperiour  to  ours,  may,  in  the  produftion 
of  feemingly  irregular  phenomena,  have  ends  unknown  to  us,  which  even 
thefe  irregularities  may  be  very  fit  to  compafs. 

SECT. 
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SECT.    III. 


Axwms  MhoMt  fTpt  o  proceed,  the  moft  general  and  current  axioms  concerning  nature, 
VfuTm^AlI^*  X  employed  in  the  writings  of  philofophers,  may  have  a  fair  account 
fnftuhimi'  given  of  tnem,  agreeably  to  the  doftrine  hitherto  proposed  ;  tho'  fortie  of 
mtud.  thefe  axioms  fuppofe,  and  others  feem  ftrongly  to  uipport  the  received  no- 

tion of  nature. 

But  before  I  confider  the  particular  maxims  received  concerning  nature's 
aftions,  let  us  fee  in  what  fenfe  nature  may,  or  may  not,  be  faid  to  aft  at 
all,  or  to  do  this  or  that. 

For  ought  I  can  clearly  difcfern,  whatfbever  is  performed  in  the  merely 
material  world,  is  really  done  by  particular  bodies,  adting  according  to 
the  laws  of  motion,  &c.  fettled  and  maintained  by  God,  among  things  cor- 
poreal. In  which  hypothefis,  nature  feems  rather  a  notional  thing,  than  a 
true  phydcal,  diftinft  efficient ;  fuch  as  would  be,  in  cafe  Arifiotle*s  do- 
Srine  were  true,  one  of  thofe  intelligences  he  prefum'd  to  be  the  movers 
of  the  celeftial  orbs.  But  men  often  exprefs  themfelves  fb  very  ambigu- 
oufly,  or  intricately,  when  they  fay,  that  nature  does  this,  or  afts  thus, 
that  'tis  fcarce  poflible  intelligibly  to  tranflate  their  expreffions  into  any 
forms  of  fpeech,  adequate  to  the  originals. 

1 .  In  this  axiom,  every  nature  preferves  it  felf ;  by  the  word  nature,  I 
fuppofe,  is  undeiflood  a  natural  body,  other  wife  I  know  not  what  it 
means.  Thus,  then,  it  may  either  fignify,  that  no  one  body  tends  to  its 
own  deftruftion,  or  that,  in  every  body,  there  is  a  principle  called  nature, 
upon  account  whereof  the  body  is  vigilant  and  induftrious  to  preferve 
its  ftate,  and  to  defend  itfelf  from  the  violence  and  attempts  of  all  other 
bodies  that  oppofe,  or  endeavour  to  deftroy  or  harm  it. 

In  the  fonncr  fenfe,  the  axiom  may  be  admitted,  without  any  preju- 
dice to  our  dodlrine :  according  to  which,  inanimate  bodies  can  have  nei- 
ther appetites,  hatreds,  nor  defigns ;  fo  that  we  may  eafily  grant,  they 
have  none  to  deftroy  themfelves. 

But,  according  to  the  other  fenfe  of  the  axiom,  'twill  import,  that  every 
body  has  within  it  felf  a  principle,  whereby  it  defires,  and  with  all  its 
power  endeavours  to  compafs^its  own  preferv^ation ;  and  both  to  do  thofe 
things,  that  tend  thereto,  and  oppofe  all  endeavours,  that  outward  agents, 
or  internal  diftempcrs,  may  ufe  to  compafs  the  deftruftiou  of  it. 

And,  as  this  is  the  moft  vulgar  fenfe  of  the  axiom,  fo  ^tis  chiefly  in 
this,  that  I  am  concern^  to  examine  it. 

I  conceive,  then,  that  the  moft  wife  creator  of  things  at  firft  fo  framed  the 
world,  and  fettled  fuch  laws  of  motion  between  the  bodies,  which,  as  parts, 
compofe  it  ;  that  by  the  afliftance  of  his  general  concourfe,  the  portions 
of  the  univcrfc,  are  lodged  in  fuch  places,  and  furnifti'd  with  fuch  powers, 
that,  by  the  help  of  his  general  providence,  they  may  have  their  beings 
continued  and  maintained,  as  long  as  the  courfe  he  thought  fit  to  eftablifli 
amongft  things  corporeal,  requires. 

Upon 
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Upon  this  fuppofition,  which  is  but  reafonable,  there  will  appear  no  Physics. 
neceffity  to  have  any  recourfe,  for  the  prefervation  of  particular  bodjes,  ^  ^ 
to  fuch  an  internal  appetite  and  in-bred  knowledge  in  each  of  them,  as 
the  naturifts  prefume  :  fince,  by  virtue  of  the  original  frame  of  things, 
and  eftablifhed  laws  of  motion,  bodies  are  neceflarily  determined  to  aft  on 
fuch  gccafions,  after  the  manner  they  would,  if  they  had  really  an  aim  at 
felf-prefervation. 

Thus,  *tis  all  one  to  a  lump  of  dough,  whether  jrou  make  it  into  a  round 
loaf,  a  long  roll,  or  a  flat  cate :  for  m  whatever  ngure  the  hands  leave  it, 
that  it  retains  without  having  any  appetite  to  return  to  the  former.  The  ma- 
riner's needle,  before  it  is  excited,  may  have  no  particular  propenfity  to  one 
part  of  the  heavens  more  than  another ;  but  when  it  has  been  duly  touched 
upon  a  load-ftone,  the  flower-de-luce  will  be  determined  to  the  north,  and 
the  oppofite  extreme  to  the  fouth.  So  that,  if  the  lily  be  drawn  afide,  to- 
war<k  the  eaft  or  the  weft,  as  foon  as  the  force  that  detained  it,  is  re- 
movM,  it  will  return  to  its  former  pofition,  and  never  reft,  tiH  it  regard 
the  north.  But,  in  fpite  of  this  feeming  afleftion  of  the  lily  to  that  point 
of  the  horizon,  yet,  if  the  needle  be  duly  touch'd  upon  the  contrary  pole 
of  a  vigWbtts  load-ftone,  the  lily  will  prefently  lofe  its  former  inclination, 
and  regard  the  fouth  part  of  the  heavens. 

2.  Another  received  axiom  concerning  nature,  is,  that  fhc  never  fails  of  her 
end.  This  propofition  is  very  ambiguous.  However,  if  by  nature  we 
here  underftand  the  Being,  that  the  fchool-men  ftylc  Natura  naturans ;  I 
allow  that  nature  never  milTeth  its  end.  For  the  omnifcient  and  almighty 
author  of  things  having  once  framed  the  world,  and  eftablifti'd  in  it  the 
laws  of  motion,  which  he  conftantly  maintains,  there  can  no  irregularity 
happen,  efpecially  among  the  greater  mundane  bodies,  that  he  did  not 
from  the  beginning  forefee  and  permit.  And  tho*,  on  fome  fpecial  occa- 
fions,  this  mftituted  order,  either  feemingly  or  really,  has  been  violated  ; 
yet  thefe  things  happening  but  rarely,  and  for  weighty  ends  and  purpofes, 
by  the  peculiar  intervention  of  the  firft  caufe,  either  guiding  or  over-ruling 
the  propenfities  and  motions  of  fccondary  agents ;  it  cannot  be  faid,  that 
God  is  fruftrated  of  his  ends  by  thefe  exorbitances,  whereby  he  moft 
wifely  and  effeftually  acccmplifhes  them.  But,  if  by  nature  be  meant  fuch 
a  fubordinate  principle,  as  men  ufually  underftand  by  that  name^  I  doubt 
the  axiom  is  in  many  cafes  falfe :  for  tho'  the  material  world  is  fo  conftitu- 
ted,  that,  for  the  moft  part,  things  are  brought  to  pafs  by  corporeal 
agents,  as  regularly,  as  if  they  clefigned  the  effefts  they  produce ;  yet 
there  are  feveral  inftances  wherein  things  happen  quite  otherw^ifc. 

Thus  when  a  woman  is  pregnant,  the  aim  of  nature  is,  to  produc< 
perfeft  human  foetus  ;  yet  we  often  fee,  nature  widely  miffing  her  mark, 
mftead  of  that,  produces  a  monftcr.  Thus  the  fap,  tliat  nature  raifes  with 
intent  to  feed  the  fruit  of  a  white-thorn,  for  inftance,  is  by  grafting 
brought  to  nourifli  a  fruit  of  quite  another  kind.  So,  when  the  malfter 
makes  barly  to  fprout,  whence  nature  intends  to  produce  ftalks  and  ears, 
'tis  perverted  to  a  very  different  purpofe. 

3.  Another 
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Physics.        3 .  Another  cefcbrated  axiom  concerning  nature,  is,  that  (he  always  afts 
by  the  fliorteft  ways.    But  this  rule,  as  well  as  feveral  others,  requires  to 
be  explained  and  limited,  before  it  be  admitted.    Tis  true,  the  omnifcient 
author  of  the  univerfe  has  fo  framed  it,  that  moft  of  its  parts  aft  as  regu- 
larly in  order  to  the  ends  propofed,  as  if  they  did  it  with  defign.    But  fince 
inanimate  bodies  have  no  knowledge,  it  cannot  reafonably  be  fuppofed, 
that  they  moderate  and  vary  their  own  aftions,  according  to  the  exigency 
of  particvilar  circumftances,  wherewith  they  muft  of  neceffity  be  un- 
acquainted ;  it  were  therefore  ftrange,  if  various  occurrences  did  not  de- 
termine them  to  aft  by  other  than  the  fhoiteft  ways,  that  lead  to  particular 
•ends,  if  thofe  other  ways  be  more  agreeable  to  the  general  laws  or  cuftoms 
eftablifhed  among  things  corporeal.    This  I  prove  by  inftances  taken  from 
gravity  itfelf,  a  qualitjr  perhaps  very  probably  refer  d  to  an  innate  power 
and  propenfion.    For  if  a  heavy  body  be  let  fall  into  the  free  air,  'twill 
take  its  courfc  direftly  towards  the  centre  of  the  earth ;  and,  if  it  meet 
with  an  inclining  plane,  which  puts  it  out  of  its  way,  it  will  not  lofe  its 
tendency  towards  the  centre,  but  run  along  that  plane,  by  which  means  its 
tendency  downwards  is  profecuted,  tho'not,  as  before,  in  a  perpendicular 
line,  yet  in  thefhorteft  way  it  is  permitted  to  take.    Thefe  obvious  phe- 
nomena, I  confefs,  agree  very  well  with  the  vulgar  axiom,  and  poffibly 
were  the  chief  things  that  induced  men  to  frame  it.    But  now  let  us  fup- 
-pofe,  that  a  little  ^here  of  marble  or  fteel,  after  having  long  fallen  thro* 
the  air,  lights  upon  a  pavement  of  hard  ftone,  that  lies  horizontal ;  in  this 
.  cafe,  experience  (hews,  that  the  falling  globe  will  rebound  to  a  confiderablc 
height,  and  falling  down  again,  rebound  again,  and  fo  for  feveral  times 
fuccejBRvely,  before  it  approaches  as  near  as  is  permitted  it,  to  the  centre 
oi  heavy  bodies.     But  it  nature  afted  in  all  cafes  by  the  (horteft  ways,  this 
fphere  ought  not  to  rebound  at  all.  And  having  taken  a  good  fea-compafs, 
and  fuffer  d  the  magnetic  needle  to  reft  north  and  fouth ;  if  I  held  the 
proper  pole  of  a  good  load-ftone  at  a  convenient  diftance,  on  the  right  or 
left  hand  of  the  lily,  this  would  be  drawn  afide  from  the  north  point  to- 
wards the  eaft  or  weft,  as  I  pleafed  ;  and  then  the  load-ftone  being  quite 
remov'd,  the  lily  of  the  needle  would  indeed  return  nonhward,  tho'  not 
flop  in  the  magnetic  meridian,    but  parting  on  feveral   degrees  beyond 
it,  'twould  thence   return  without  flopping  at  the    meridian  line :  and 
fo,    by  its   vibrations,   defcribe  many  arches  ftill    (honor    and  fhortcr, 
till  at  length  it  came  to  fettle  on  it,  and  recover  that  pofition,  which,  if 
nature  always  afted  by  the  moft  conipendious  ways,  it  ftiould  have  rcfted 
at  the  firft  time  it  had  regained  it.     The  truth  is,  that,  at  leaft,  inanimate 
bodies,  afting  without  knowledge  or  defign  of  their  own,  cannot  ftop  or 
moderate  their  own  aftions,  but  muft  necelfarily  move  as  they  are  deter- 
mined by  thejge^eral  laws  of  motion ;  according  to  which,  in  one  cafe,  the 
impetus,  that   a  1>ody  acauires  by  falling,  is  more  powerful  to  carry  it 
on  beyond  the  line  ol  Sireftion,  than  the  aftion  of  the  caufes  of  gravity  is 
to  ftop  it,  as  foon  as  it  comes  to  the  neareft  place  they  can  give  it  to  the 
tenure  of  the  earth.    And  fomething  like  this  happens  in  levity,  as  well  as 

gravitj' ; 
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gravity;  £Dr  if  you  take  an  oblong  and  conveniently  Ihaped  piece  of  light  Physics. 
woody  and  having  funk  it  to  the  SottOTi  of  deep  ftagnant  water,  give  it '  ^^"^  ' 
liberty  to  afcend,  it  will  not  only  regain  the  furface  of  the  water,  where, 
by  the  laws  of  gravity,  it  oi:^ht  to  reft,  and  did  reft  before  it  was  forc'd 
down ;  but  rife  fiir  beyond  that  furface,  and  in  part,  as  it  were,  (hoot  it- 
felf  up  into  the  incumbent  air,  then  fall  down  again,  and  rife  a  fecond 
time,  and  perhaps  much  ofiner,  and  fall  again,  bdFore  it  fettles  in  its  due 
place,  wherein  it  is  in  an  equilibrium  with  the  water,  that  endeavours  to 
prefs  it  upwards. 

4.  Another  maxim,  generally  received  concerning  nature,  is,  that  (he  al- 
ways does  what  is  beft.  But  of  this  it  will  not  be  fafe  to  deliver  an  opi- 
nion, till  I  have  removed  the  ambiguity  of  the  words ;  for  thejr  eafily  admit 
of  two  diflferent  fenfes.  They  may  fignify,  that  nature,  m  the  whole 
univerfe,  does  always  that  which  is  beft  for  the  prefervation  of  it  in  its 
prefent  ftate ;  or  that,  with  regard  to  each  body  in  particular,  nature 
ftill  does  what  moft  conduces  to  the  prefervation  and  welfare  of  that  bo- 
dy. In  the  firft  of  thefe  fenfes,  the  axiom  will  be  lefs  liable  to  exception ; 
but  then,  I  fear,  it  will  be  difficult  to  be  pofitively  made  out,  by  fuch 
inftances  as  prove  that  nature  afts  otherwife  than  neceflarily  according  to 
mechanical  laws.  And,  therefore,  till  I  meet  with  fuch  proofs,  I  mail 
proceed  to  the  other  fenfe ;  which,  tho'  the  moft  ufual,  I  cannot  admit, 
without  it  be  both  explainM  and  limited.  I  readily  grant,  as  I  have  often 
occafion  to  repeat,  that  the  all-wife  author  of  things  corporeal  has  fb 
-fraiHed  the  world,  that  moft  things  happen  in  it,  as  if  the  particular  bo- 
dies that  compofe  it,  were  watchful  both  for  their  own  welfare,  and  that 
of  the  univene.  But  I  think,  withal,  that  particular  bodies,  at  leaft 
fuch  M  are  inanimate,  adding  without  either  knowledge  or  ddign,  their 
actions  tend  not  to  what  is  beft  for  them  in  their  private  capacities,  any 
further  than  fuits  with  the  general  laws  of  motion,  and  the  important 
cuftoms  eflablifh^d  among  things  corporeal :  fb  that,  in  conformity  hereto, 
ieveral  things  are  done,  that  are  neither  the  beft,  nor  fb  much  as  good, 
with  rc^rd  to  the  wetfare  of  particular  bodies. 

We  crften  fee,  that  fruit-trees,  efeecially  when  they  grow  old,  will,  for 
one  feafon,  be  fo  overchargM  with  fruit,  that  they  decay  and  die  fbon  af- 
ter ;  and  even,  whilft  they  floiuifli,  the  exceffive  weight  upon  them,  fome- 
times  breaks  off  the  branches,  and  thereby  both  hinders  the  maturity  of 
the  fruit,  and  haftens  the  death  of  the  tree.  Now  this  fatal  profufion 
would  have  been  prevented,  if  a  wife  nature,  harbour'd  in  the  plant,  did, 
as  is  prefumed,  foUicitoufly  watch  for  its  welfare. 

We  fee,  alfo,  in  feveral  difeafes,  and  in  the  unfeafonable  and  hurtftil 
crifes  of  fevers,  how  far,  what  men  call  nature,  often  is  from  doing  that 
which  is  beft  for  the  patient's  prefervation.  In  many  difeafes,  a  great 
part  of  the  phyfician's  work  is  to  appeafe  the  fury,  and  to  corre^  the  er- 
rors of  this  pretended  nature ;  which  being,  as  'twere,  tranfooned  witl| 
a  blind  and  impetuous  pafTion^  unfeafonably  produces  thofe  dangerous 
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Phjsics..  iilbrdcrs  in  the  body,  that,  if  flie  were  wife  and  watchful  of  its  welfare, 

"  Jhe  woiid  have  been  as  careful  to  prevent,  as  the  phyfician  to  iremedy. 

And  if  nature  be  £0  provident  and  wacchful  for  the  good  of  men,  and 

other  animals,  and  of  that  part  of  the  world  wherein  they  live ;  how 

comes  file,  from  time  to  time,  to  deftroy  ibch  multitudes  of  men  and 

beafts,  by  earth-quakes,  peftilences,  famine,  &c. 

.  5*  The  word  Vacuum  being  ambiguous,  and  ufed  in  dififering  fenfes  ^  'cis 
requifite,  before  I  declare  my  opinion  about  the  received  axiom  of  the 
fchods,  chat  nature  abhors  a  Vacuum^  to  premiie  the  chief  acceptations^  in 
which  I  ha\'e  obferv'd  the  term  Vacuum  to  be  ufed  for  it  has  ibmetimes 
f  vulgar,  -and  fomctimes  a  philofqphic^,  or  Sa:\&,  (ignificatioQ.  In  C9mmon 
Ipeeoi,  to  be  empty,  uiually  -denotes,  net  to  be  deftitute  of  all  J»ody 
whacfoevcr ;  but  of  that  i>ody  men  fuppoTe  (hould  be  in  the  thing  fpokea 
of,  or  of  that  which  it  was  framed,  or  defign'd  te  contain.  Thus,  we  fay, 
a  purfe  is  empty,  if  there  be  no  money  in  it  ^  oar  a  bladder  empty,  wiien 
the  air  is  fqueez'd  oat,  &c.  The  word  Vacuum  is,  ^Uib,  taken  isi  «iiotber 
fenfe,  by  philoibphers  who  ipeak  ftriifUy,  when  they  mean  by  it  a  fpace 
within  the  worid,  wherein  there  is  not  contained -any  body  whatToever. 

Now  the  chief,  if  not  the  only,  reafpn  that  moves  the  generaliQr  of  phi- 
loibphers to  believe,  nature  abhors  a  Vacuum^  is,  that,  in  fome  oafes, 
they  obferve  an  unu&al  endeavour,  and,  perhaps;,  a  forcitfle  mptim  in 
water,  and  other  lK>d]6s,  to  oppofe  a  Vucuum.  But  I  afn«K)t  apF,  withoui: 
abfolute  neceffity,  toafcribe  to  inanimate,  ^nd^enfetefs,  bodies,  the  ap- 
|)etites  and  hatreds  that  belong  to  rational,  or  fenfitave,  Beings ;  ami, 
therefore,  think  it  a  fiiffici^it  xeafon  to  decline  employing  fuch  improper 
caufes,  ]4  without  them,  the  motions,  aichbed  thereto,  can  be  accounted 

for. 

If  the  Cartejian  notion  of  the  effence  of  a  body,  cpnHfting  in  three  dimen- 
iions,  be  admitted,  it  can  fcarce  be  deny'd,  that  nature  does  not  produce 
thefe  great,  and  irreHg;ular  efforts  to  hinder  a  Vacuum ;  fince,  it  being  in>- 
poflible  there  (hould  be  any,  'twere  a  fond  thing  to  fuppofe,  that  nature, 
who  is  reprefented  to  us  as  a  moft  wife  agent,  mould  take  pains,  and  do 
extravagant  things,  to  prevent  an  impoflible  mifchief 

If  the  atomical  hypothefis  be  admitted,  it  muil  be  granted,  that  nature 
is  fo  far  from  abhorring  a  Vacuum^  that  a  great  part  of  the  things  (he 
does,  require  it ;  iince  they  are  brought  to  pafs  bv  local  motion ;  and  there 
are  very  many  cafes,  wherein,  according  to  thfj^  philofophers,  the  necef- 
fary  motions  of  bodies  cannot  be  performed,  unlefs  the  corpufcles,  that  lie 
in  their  way,  have  little  empty  fpaces  to  retire,  or  be  impcUM  into ;  when 
the  body,  that  impels  them,  endeavours  to  difplace  them.  Whence  the 
a»om,  that  nature  abhors  a  Vacuumy  agrees  with  neither  of  the  two 
^eat  fefts  of  the  modern  philofophers. 

But,  for  ought  appears  by  the  phenomena  employed  to  demonftrate  na- 
ture's abhorrence  ot  a  Vacuum  ;  either  nature  does  not  abhor  a  Vacuum j 
even  when  (he  feems  foUicitous  to  hinder  it ;  or,  (he  has  but  a  very  mode- 
rate hatred  of  it,  in  that  fenfe  wherein  the  vulgar  philofophers  take  the 
word  VacHum.  For, 
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•  Fof,  in  almoft  all  TifiWebodics  here  belcrar,  and  even  in  the  atmoiphere  Pursier* 
itfelf,  there  is  more  or  Icfs  of  gr&vky,  or  tendency  towards  the  centre  of 
our  terraqueous  globe ;  whence  nature  need  not  difquiet  herfelf,  and  aft 
irregularly,  to  hinder  a  Vacuum :  fince,  without  her  abhorrence  of  it,  it 
may  be  prevented  or  replemflied,  by  her  aficfting  to  place  all  heavy  bodies 
as  near  the  centre  of  the  earth,  as  heavier  than  they  will  permit.  And 
e\^en,  without  any  defign  of  her's,  a  vacaky  will  be  as  much  oppos'd,  aa 
we  really  find  it,  by  tfc  gravity  of  moft,  it  n(^  of  all  bodies  here  below, 
and  thd  fluxility  of  hquors.  For,  by  virtue  of  their  gravity,  and  the  mi- 
nutenefs  of  their  parts,  they  will  be  determine  to  infinuate  themfelves 
into,  and  fill  all  the  fpaces,  that  they  find  not  already  poffefTed  by  other 
bodies,  either  more  ponderous,  injpede^  than  themfelves,  or,  by  reafon 
of  their  firmneft  of  forufture,  capable  of  refifting,  or  hindering,  their  de- 
fcent.  Accordingly,  we  obferve,  that,  where  there  is  no  danger  of  a 
yacuttm,  bodies  may  move,  as  they  do,  when  they  are  faid  to  endeavour 
its  prevention.  Thus,  if  you  would-^  tiuruft  your  hand  deep  into  a  veffel 
of  land,  and  afDerwards  curaw  it  out  again ;  there  will  need  nothing  but 
the  gravity  of  the  land  to  make  it  fill  up  the  greateft  part  of  the  fpace  de- 
^rted  by  the  hand.  And  if  the  veflel  be  repleniflied,  mftead  of  fand,  with 
an  aggregate  of  corpufcles  more  minute  and  imooth  than  the  grains  of 
that,  as,  for  inftance,  with  quick-filver,  or  with  water  j  then  5ve  fpace, 
deferted  by  the  hand,  will  be,  to  fenfe,  compleatly  fiU'd  by  the  corpufcles 
of  the  fluid.  And  if  you  take  a  glafs-pipe,  whofe  cavity  is  too  nar- 
row to  let  water  and  quick-filver  pafs  by  one  another  in  it ;  and  having 
lodged  a  fmall  cylinder  of  mercury,  of  about  half  an  inch  long,  in  the 
lower  part,  you  carefully  ftop  the  upper  orifice  with  your  finger,  the.quick* 
filver  will  remain  fufpended  in  the  pipe:  and  if,  then,  you  thruft  the 
tube  direftly  downwards,  into  a  deep  glafs  of  water,  till  the  auick- 
filver  be  deprcflfed  about  a  foot  beneath  the  furfiace  of  the  water ;  and  then 
take  off  your  finger  from  the  orifice  of  the  pipe,  the  quick-filver  will,  im- 
mediately, afcend  fwiftly,  for  five  or  fix  inches,  and  remain  fufpend^  at 
this  new  ftation.  Here,  therefore,  we  have  a  fudden  afcent,  of  £o  heavy 
a  body  as  is  quick-filver,  and  a  fufpenfion  of  it  in  the  glafs,  not  produced 
to  prevent,  or  fill  a  Vacuum ;  for  the  pipe  was  open  at  both  ends :  the 
phenomena  being  but  genuine  coniequences  of  the  laws  of  the  equilibrium 
of  liquors. 

Confidering  how  great  a  power  the  fchool-philofophers  afcribe  to  na- 
ture, I  am  the  lefs  inclined  to  think  her  abhorrence  oi  a  Vacuum  fb  great 
as  they  imagined.  I  have  fliewn,  that  her  averfion  to,  and  watchfulnefs 
againft  it,  are  not  fo  vehement,  but  that,  in  the  fenle  of  the  Peripatetics^ 
Ihe  can  quietly  admit  it,  in  fome  cafes,-  where,  with  a  very  fmall  en- 
deavour, fhe  might  prevent,  or  replenifh  it.  When  the  Ton-iceilian  experi- 
ment is  made,  tho'  it  cannot,  perhaps,  be  fully  provM,  either  againft  the  Car* 
tejiansy  or  fome  other  Plenifts^  that,  in  the  upper  part  of  tlie  tube,  deferted 
by  the  quick-iilver,  there  is  a  Vacuum,  in  the  ftridl  philofbphical  fenfe  of 
the  word  ;  yet,  as  the  Peripatetics  declare  their  fenfe,  by  their  xeafonings 
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Physics,  againft  ^Vacuum,  *twill  appear  very  hard  [for  them  to  ihcw,  there  is 
'  not  one  in  that  tube.  And,  as  by  the  fcholaftic  way  of  arguii^,  na- 
ture's hatred  of  a  Vacuum^  from  the  fufpenlion  of  water,  and  other  li- 
quors, in  tubes  and  conical  watering-pots,  it  appears,  they  thought  that 
any  fpace  here  below,  deferted  by  a  viuble  body,  not  fucceeded  by  anodier 
Tifible  body,  or  at  leaft  hy  common  air,  may  be  reputed  empty  ;  fo,  the 
fpace  deferted  by  the  quick-filver,  at  the  top  of  01  a  barometer,  thirty- 
one  inches  long,  will  invite  one  to  doubt,  whether  a  Vacutim  ought  to 
be  thought  fo  formidable  a  thing  to  nature,  as  they  imagine  (he  thinks  it  ? 
For,  what  mifchief  would  cnfue  to  the  univeiie,  upon  me  production  or 
continuance  of  fuch  a  Vacuum,  tho^  the  deferted  ^ace  were  much  more 
than  an  inch,  and  continued  many  years,  as  has  feveral  times  happened  in 
the  taller  fort  of  mercurial  barometers  ?  And  thofe  Peripatetics  who  tell 
us,  if  there  were  a  Vacuum,  the  influences  of  the  celeftial  bodies,  that  are 
abfolutelv  necel&ry  to  the  prefervation  of  the  fublunary  ones,  would  be  in- 
tercepted, fince  motion  cannot  be  mz6it  in  vacuo,  would  do  well  to  prove  fuch 
a.  neceflity ;  and  to  confider,  that  in  our  cafe  the  top  of  the  quick-filver, 
to  which  the  Vacuum  reaches,  ufuallv  appears  protuberant  i  which  Ihews, 
that  the  beams  of  lig^t  are  able  to  pafs  thro'that  Vacuum,  being,  in  fpite  of  it, 
rdleAed  from  the  mercury  to  the  eye.  And  in  fuch  a'  Vacuum,  as  to  com- 
mon air,  I  have  tryM,  that  a  load-flone  w.ill  emit  its  effluvia,  and  move 
iron  or  fleel  placed  therein. 

In  ihort,  it  is  not  evident,  that,  here  below,  nature  fo  much  endeavours 
to  hinder  or  fill  up  a  Vacuum,  as  to  manifeft  an  abhorrence  of  it :  and, 
without  much  peculiar  fblicitude,  a  Vacuum,  at  leaft  a  philofbphical  one,  is 
as  much  provided  againft,  as  the  welfare  of  the  univerfe  requires,  by  gra- 
vity and  the  fluxiUty  of  the  liquors,  and  other  bodies. 

6. 1  come  now  to  the  celebrated  faying,  that  nature  cures  difeafes,  taken 
from  Hippocrates,  who  expreffes  it  in  the  plural,  r»<7ir  pvnU  hl^oK  And  be- 
caufe  this  axiom  is  generally  received  among  phyficians  and  philofophers, 
and  feems  to  be  one  of  the  principal  things,  th^t  has  made  them  introduce 
fuch  a  Being  as  they  call  nature  ,•  I  (hall  attentively  confider,  in  what 
fenfe,  and  how  far,  this  famous  axiom  may,  or  fliould  not,  be  admit- 
ted. 

Firft,  then,  I  conceive  it  may  be  taken  in  a  negative  fenfe,  fo  as  to  im- 
port, that  difeafes  cannot  be  cured  in  fuch  perfbns,  in  whom  the  aggregate 
of  the  vital  powers,  or  faculties  of  the  bocly,  is  fo  far  weakened  or  depra- 
ved, as  to  be  utterly  unable  to  perform  the  funftions  neceflfary  to  life ;  or 
at  leaft  to  a&uate  and  affift  the  remedies  employed  by  the  phyfician,  to  pre- 
ferve  or  recover  the  patient. 

This  I  take  to  be  the  meaning  of  fuch  ufual  phrafes  as  thefe,  Phyjic  com&s 
too  late.  Nature  is  quite  f pent ^  &c.  And  in  this  fenfe  I  readily  acknowledge 
the  axiom  to  be  true.  For,  where  the  engine  has  fome  neceffary  parts, 
whether  fluid  or  folid,  fofar  depraved  orweakned,  as  to  render  it  altoge- 
ther unable  to  co-operate  with  the  medicine,  it  cannot  be  rationally  expeft- 
cd,  that  the  adminiftration  of  that  medicine,  fliould  prove  e&dtual.    But 
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there  is  a  pofttive  fenfe  of  our  axiom,  wherein  it  is  the  moft  ufually  em-  PHtsiesC 

Jdoy'd  ;  for  men  commonly  believe  there  rtfides  in  the  body  of  a  fick  per- 
on,  a  certain  provident  or  watchful  Being,  that  induftrioufly  employs  itfelf, 
by  its  own  endeavours,  as  well  as  by  any  occafional  afliftance,  to  redtify 
whatever  is  amifs,  and  reftore  the  dinemperM  body  to  its  priftine  ftate  of 
health. 

Now,  I  conceive  that  the  wife  and  beneficent  maker  of  the  world,  in- 
tending that  men  fliould,  for  the  mofl  part,  live  a  confiderable  number  of 
years,  in  a  condition  to  aft  the  parts  affi^'d  them ;  he  was  pleas'd  to 
frame  human  bodies  fb,  that,  with  the  ordinary  fuccours  of  reafbn,  &c. 
they  may  in  many  cafes  recover  a  flatc  of  health,  if  they  chance  to  be  put 
out  of  it  by  lefs  accidents  than  thofe,  that  God,  in  compliance  with  the 
great  ends  of  his  general  providence,  did  not  think  fit  to  fecure  them  from, 
or  enable  them  to  furmount.  Many  things,  therefore,  that  are  commonly 
afcrib'd  to  nature,  may  be  better  aferibed  to  the  mechanifm  of  the  univerfe, 
and  the  human  body. 

The  caufes  that  ctifbrder  the  human  fiame,  are  often  tranfient,  but 
thefb:u£hire  of  the  body  it  felf,  and  the  caufes  that  conduce  to  the  prefer*- 
ration  of  its  ffarufture,  are  more  flable  and  durable ;  and,  on  that  account^ 
may  enable  the  en^e  to  out-laft  many  things  that  are  imfriendly  to  it,  as 
fUgnt  hurts,  and  difeafes. 

Several  phenomena  of  difeafes  may  be  illuftrated,  by  fuppofing  dirt 
thrown  into  a  vial  of  fair  water,  and  then  the  vial  to  be  well  fhaken; 
whereby  the  water  will  lofe  its  tranfparency,  upon  a  double  account ;  that 
of  the  dirt,  whofe  opake  particles  are  confounded  with  it;  and  that  of  the 
bubbles,  which  fwim  at  the  top  of  it :  yet  to  purify  this  water,  and  make  it 
recover  its  former  tranfparency,  there  needs  no  particular  care  or  defign 
of  nature ;  but,  according  to  the  common  courfe  of  thii^s,  after  fome  time 
the  bubbles  wiU  break  and  vaniih  at  the  top,  and  the  earthy  particles,  that 
compofe  the  mud,  will,  by  their  gravity,  fubfide  to  the  bottom,  and  fettle 
there,  whence  the  water  becomes  clear  again. 

There  is  indeed  one  thing,  to  which  the  maxim,  Nature  cures  difeafes, 
may  be  very  fpecioufly  applied ;  and  that  is  the  healing  wounds ;  which,  if 
but  in  the  flefli,  may  often  be  cured  without  medicines.  However,  this 
healing  feems  to  be  only  an  e£(eft  or  confequent  of  that  fabric  of  the  body, 
on  which  nutrition  deoends.  For  the  alimental  juice  being,  by  the  circu- 
lation o£  the  blood  ana  chyle,  carried  to  all  parts  of  the  body ;  if  it  meets 
any  where,  either  with  preternatural  concretions,  or  with  a  gap  made  bj£^ 
a  cut  or  wound,  its  particles  there  concrete  into  a  kind  of  fle(h,  or  other 
body,  which  that  juice,  in  the  place  and  other  circumftances  'tis  in,  is 
fitted  to  conftitute.  Thus  not  only  wens  and  fcrophulous  tumors  are  nou- 
rifhM  in  the  body,  but  mif-fhapen  mola's  grow  m  the  womb,  as  well  as 
embryo's.  And  we  fee,  in  wounds,  that  fongus's  are  as  well  produced 
and  nourifh'd  by  the  aliment  brought  to  the  wounded  part,  as  the  true 
and  genuine  flem ;  fo  that  either  nature  feems  much  miftaken,  if  ihe  d&- 
iigns  the  produftion  and  maijuenance  of  fuch  fuper^uous  and  inconvenient 
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Ph^si^si  Ixxiies ;  6v  the  chirurgeon  is  much  to  blame,  who  Indnftrioady  deftrojs 
them.  Bftt,  for  ought  appears,  nature  is  not  fo  fhy  and  i-efcrv*d  in  her 
bounty^  but  that  (he  fends  nouriihment,  to  repair  as  well  things  that  do 
•not  genuinely  belong  to  the  body,  as  to  reftore  flefh  to  wounded  parts. 
This  appears  by  warts  and  corns,  that  grow  again  after  they  arc  cut. 
And  I  have  feen  a  woman,  in  whofe  forehead  nature  was  carefrd  to 
AoUrifll  a  horn,  abore  an  inch  in  length ;  which  I  fiilhr  examined,  whilft  it 
was  yet  growing  upon  her  head^  to  avoid  being  impofed  upon« 

But  there  are  many  difeafes,  as  well  acute  as  chronical,  wherein,  'tis 
xonfefsM,  that  nature  alone  does  not  work  the  cure  ^  fo  that  the  aphorifm, 
which  makes  nature  the  curer  of  thefe,  is  not  true,  but  in  a  limited  fenfc. 
Tis,  indeed,  pretended,  that  even  here,  nature  is  .the  principal  agent,  by 
whofe  dire£lion  the  pttj^fician  a^s  in  fubfervience  to  her  defigns ;  and 
phyficians  themfelves  acknowledge,  that  they  are  but  nature's  minifters. 
Let  us,  therefore,  fee  in  what  feme  it  is  fit,  according  to  our  dodtrine,  to. 
admit  thefe  affertions. 

One  great  cauie  of  the  common  miftakes  about  this  matter,  is,  that  the 
body  of  a.man  hadi  been  look'd  upon,  rather  as  a  fyftem  of  parts,  where* 
of  moft  are  grofs  and  confiftent,  and  not  a  few  hard  and  folid  too,  than 
as,  what  indeed  it  is,  a  very  compounded  engine;  that,  beHdes  thefe 
^arts,  confifts  of  the  blood,  chyle,  gall,  and  other  liquors  ;  and  of  more 
lubtile  fluids,  as  fpints  and  air :  all  which  are  inceffantly  and  varioufly 
moved,  and  thereby  put  feveral  of  the  folid  parts  into  frequent  and  di^ 
ferine  motions.  When,  therefore,  the  conftitution,  or  the  motions,  that  in  a 
founa  body,  regularly  belong  to  the  fluids,  happen,  the  former  to  be  de- 
pravM,  or  the  latter  to  grow  irr^;ular ;  the  engine  is  immediately  out  of 
order,  tho''  the  grofs  folid  parts  were  not  primarily  aflfefted  :  fo,  when  by 
proper  remedies  the  vitiated  texture  of  the  blood,  or  other  juices,  is  cor- 
refted,  and  the  inordinate  motions  of  them  and  the  fpirits  are  calm'd  and 
reftify'd,  the  grofler  and  more  folid  parts  of  the  body,  and  fo  the  whole 
animal  aH:onomy,  will  be  reftored  to  a  more  convenient  ftate. 

The  phyfician,  in  my  opinion,  is  to  look  upon  his  patient's  body,  as  an 
engine  out  of  order;  yet  fo  conftituted,  that,  by  concurring  with  the 
endeavours,  or  tendencies,  of  the  parts  of  the  machine,  it  may  be  brought 
to  a  better  ftate.  If,  therefore,  he  find,  that,  in  the  prefent  difpofition  of 
the  body,  there  is  a  propenfity  to  throw  off  the  matter  that  offends  it,  in 
a  convenient  way,  and  at  commodious  places ;  he  will  then  aft  fo,  as  to 
comply  with,  and  further  that  way  of  difcharge,  rather  than  another. 
As,  if  there  be  a  great  appearance,  that  a  difeafe  will  quickly  have  a 
crifis  by  fweat  ;  he  will  rather  further  it  by  covering  the  patient  with 
warm  clothes  and  giving  fudorific  medicines ;  than,  by  endeavouring  to 
.carry  off  the  peccant  matter  by  purging  or  vomiting,  unfeafonably  hinder 
a  diicharge,  tliat  probably  will  be  benehcial.  And,  in  this  fenfc,  men  may 
fay,^  if  they  pleafe,  that  the  phyficians  are  minifters  or  fervants  of  nature; 
as  lea-men,  when  the  (hip  fails  before  a  good  wind,  will  not  (hift  their 
failSj  nor  alter  the  fliip's  motioD>  becauie  they  need  not.    But  to  (hew, 
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that  'tis,  as  'twere,  by  acd4pnt,  tligt  the  phyfician,  in  this  cafe,  obeys  PuTskrs; 
nature,  (to  fpeak  in  the  language  of  the  naturifts  ;)  there  are  many  "  ~ 
other  cafes,  wherein  the  phyucian,  if  skilful,  will  be  fo  far  from  taking 
nature  for  his  guide,  to  diie^  him  by  her  example;  that  a  great  part  m 
his  care  and  skill  is  employed,  to  hinder  her  from  doing  what  flie  feems  to 
defign ;  and  to  bring  to  paft  other  things  very  difiering  from,  if  not  con- 
trary to,  what  flie  endeavours. 

Thus,  tho*  nature,  as  'tis  call'd,  importunately  cra\'es  for  drink  in  drop- 
lies,  the  phyfician  thinks  himfelf  obliged  to  deny  it ;  as  he  does  what  his 
patients  greedily  deiSre  in  the  Pica^  &c.  Thus  alfo  the  chinirgeon  often 
binders  nature  irom  clofing  up  the  lips  of  a  wound,  as  flie  would  unskil- 
fully do,  before  it  be  well  and  fccurely  heal'd  at  the  bottom.  So  the  phy- 
flcian,  by  puj^ing  or  phlebotomy,  carries  off  the  matter,  that  nature 
would  more  dangeroufly  throw  upon  the  lungs. 

In  ihort,  I  lodk  upon  a  good  phyfician,  not  properly  as  a  fen'ant  to 
nature,  but  a  couniellor  and  a  friendly  afllftant ;  who,  in  his  patient's 
body,  furthers  thefe  motions,  and  other  things,  that  he  judges  con* 
duciveto  the  weHare  and  recovery  of  it:  but  as  to  thofe,  that  he  per- 
ceives likely  to  be  hurtful,  either  by  increafing  the  difeafe,  or  otherwifc 
endanigerin^  the  patient,  he  thinks  jt  his  part  to  oppofe  or  hinder,  tho' 
nature  manifeftly  feems  to  endeavour  to  exercife  or  carry  on  thofe  hurcM 
motaons. 

Hence,  I  fear,  the  commendations  which  Mjfocrates  ^ves  of  nature,  in 
the  cure  of  -difi^fes,  make  many  phyficians  leis  courageous  and  careful 
than  they  fiiould  be,  to  employ  tKeir  own  skill,  on  feveral  occafions 
that  greatly  require  it. 

As,  in  fome  caies,  xhe  ,ph}cfician  relieves  his  patient  in  a  negative  way, 
by  oppoiing  nature  in  iier  unfeaibnable,  or  diTordedy  attempts  j  fo,  in 
others,  he  may -do  it  in  a  poiitive  one ;  by  employing^^  medicines  that  either 
ftrengthen  the  parts,  or  make  fbnfible  evacuatioios  ol  matter,  neceilary  to 
be  profcribed  by  them ;  or,by  uiing  remedies,  that  by  their  manifeft  qua- 
lities opjpofe  tho£e  of  die  caorbi£c  caxrfe.  And,  perhaps,  in  £>me  crfes^ 
the  phyhcian  may,  in  a  pofitive  way,  contribute  more  to  the  cure  even  of 
an  inward  difeale,  than  natipre  herlelf  &ems  able  to. dp  ;  for,  if  ^m^fuch 
medicine  may  be  prepared  J>y  art,  as  Heksout  slBxtds  to  J;>e  attainable  from 
Paracelfus^s  Ludusy  by  the  alkaheft  ^  or,  as  Cardan  relates,  that  an  empiric 
had  in  his  time,  who  travellM  up  and  down.it^A,  curing  fuch  whererever 
he  came,  as  were  tormented  with  the  ftone  of  the  bladder ;  the  phyfi- 
cian might,  by  fuch  inftrunients,  perform  chat  which,  for  ought  appears, 
is  not  to  be  done  by  nature  hcrfelf ;  fince  we  never  find,  that  me  aifrolves 
a  confirmed  ftone  in  the  bladder.  Nay,  fometimes,  the  phyfician  does,  even 
without  the  help  of  a  medicine,  control  and  over-rule  this  nature,  to  the 
great  and  fudden  advantage  of  the  patient,  as  in  the  cafe  of  fwooning. 

It  appears  from  ,the  whole,  that  as  there  .are  fome  phenomena,  which 
fecm  to  ftivour  the  dc(6):rine  ofthe  natu^iiU,  ^bout  the:aiDe,of  dl^^^ 
there  are  others,  that  more  manifeftly  agree 'with  our  hyporfiefis.  And  both 
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F^TSic&  thefe  forts  of  phenomena,  being  confider'd  together^  may  well  fuggeft  a 
^*^  '  fufbicion,  that  the  mtXk  wife  and  free  author  of  things,  having  fram^  the 
ftrft  individuals  of  mankind,  £o  as  to  be  fit  to  laft  for  many  years,  and  en- 
dowed thofe  originals  with  the  power  of  propagating  their  fpecies  ;  it 
thence  eomes  to  pafs,  that  in  the  lubfequent  engines  we  call  human  bodies, 
when  neither  particular  providence,  nor  the  rational  foul,  nor  over-ruling 
impediments  interpofe,  things  are  generally  performed  according  to  mecha- 
nical laws  and  courfes  ;  whether  the  effefts  and  events  of  thefe  prove  con- 
ducive to  the  welfare  of  the  engine  itfelf,  or  elfe  cherifh  and  foment  extra- 
neous bodies  or  caufes,  whofe  prefervation  and  increafe  are  hurtful  to  it. 
Hence  the  happy  things,  referred  to  nature's  prudent  care  for  the  recovery 
and  welfare  or  lick  perfons,  are  ufually  genuine  confequences  of  the  mecha- 
nifm  of  the  world,  and  the  patient's  body  i  which  effefts  luckily  happen  to 
be  co-incident  with  his  recovery,  rather  than  to  have  been  purpofely  and 
wifely  produced  in  order  to  it ;  (ince  what  is  called  nature,  feems  careful 
to  produce,  preferve,  and  cheriih  things  hurtful  to  the  body,  as  well  as 
thofe  beneficial  to  it. 

Thus,  not  only  worms,  but  frogs  and  toads,  taken  in  their  fpawn,  with 
corrupted  water,  have  been  cherilh'd  in  the  ftomach,  till  the  eggs  being 
erown  compleat  animals,  have  produced  horrid  fymptoms  in  me  body. 
And  if,  according  to  the  received  opinions  of  phyficians,  ftubbom  quartans 
are  produced  by  a  melancholy  humour  feated  in  the  fpleen  ;  it  may  be 
£iid,  that  nature  feems  to  buiy  herfelf  to  convert  feme  parts  of  the  fluid 
chyle  into  fe  tenacious,  a  juice,  that,  in  many  patients,  novwithftanding 
the  neighbourhood  of  the  fpleen  and  ftomach,  neither  flrong  emetics,  pur- 
ges, nor  other  ufual  remedies,  are  able,  in  a  long  time,  to  diflodge,  reiolve, 
or  correft  it. 

But  the  poifon  of  a  mad-dog,  nature  fometimes  feems  induftrioufly 
to  preferve;  for  we  have  inflances  of  a  little  foam  conveyed .  into  the 
blood  by  a  flight  hurt,  which,  notwithflanding  the  conflant  heat  and  per- 
Ipirable  make  of  the  human  body,  and  the  diffipable  texture  of  the  foam, 
fe  preferved,  and  fometimes,  too,  for  many  years,  that,  at  the  end  of  that 
time,  it  has  broke  out,  and  difplay'd  its  fatal  efficacy  with  as  much  vigour 
and  fiiry,  as  if  it  had  but  newly  been  received  into  the  body. 

Thus,  tho'  the  quantity  of  poifen,  in  the  bite  of  the  Tarantula,  is 
icarce  vifible,  being  communicated  by  the  tooth  of  fo  fmall  an  animal 
MS  a  fpidcr ;  yet,  in  many  patients,  'tis  preferv'd  during  a  great  part  of 
their  lives,  and  manifefls  its  continuance  in  the  body  by  annual  paroxyfins. 
And,  a  perfon  of  great  quality,  complained  to  me,  that  being  in  the 
:Eafty  the  biting  or  flinging  of  a  creature,  whofe  offenfive  arms  were  fo 
*finall,  that  the  eye  could  very  hardly  difcem  the  hurt;  had  fo  laftii^  an 
eflfijft  upon  him,  that,  for  about  twelve  years  after,  he  was  reminded  of 
his  mifchance,  by  a  pain  he  felt  in  the  hurt  place,  about  the  fame  time  of 
the  year  that  the  mifchief  was  firft  done  him.  And,  in  feme  hereditary  dif- 
eafes,  as  the  TOut,the  fallin^-ficknefs,  &c.  nature  f^ms  to  adt  as  if  fee  did, 
with  care  ana  skilly  tranfmit  to  the  unhappy  cMld  fuch  morbific  feeds,  or 
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hnpreffibns  of  the  parents,  that,  in  fpite  of  all  the  various  alterations  the   Physics. 
younger  body  pafles  thro*,  during  the  courfe  of  many  years,  this  protefted 
enemy  is  able  to  exert  its  power  and  malice,  after  forty  or  fifty  years 
concealment. 

In  the  fame  manner,  but  with  light  variations,  other  axioms  about  na-» 
ture  might  be  eafily  explained. 

But  tho'  we  could  not  intelligibly  explain  all  the  particular  axioms  about 
her,  and  the  phenomena  of  inanimate  bodies,  that  are  thought  to  favour 
them,  by  mechanical  principles ;  it  would  not  follow,  that  we  muft  there-- 
forc  yield  up  the  whole  caufe  to  the  naturifts.  For  we  have  already 
Ihewn,  that  the  fuppofition  of  fuch  a  Being  as  they  call  nature,  is  far  from 
enabling  her  patrons  to  give  intelligible  accounts  of  thefe  and  other  pheno- 
mena of  the  univerfe.  And  tho*  our  dodhrine  Ihould  be  infufficient  to  give 
a  good  account  of  things  corporeal  ;  yet  a  lefs  degree  of  probability  may 
fen'e  in  arguments  employee!  but  to  juftify  a  doubt,  than  is  required  in 
thofe  that  are  to  demonftrate  an  a(!ertion. 

'Tis  true,  the  naturifts  tell  us,  that  the  nature  they  aflert  is  the  princi- 
ple of  all  motions  and  operations  in  bodies  ;  which  infers,  that  in  explain- 
ing them,  we  mutt  have  recourfe  to  her. 

But  before  we  acquiefce  in,  or  confidently  employ  this  principle,  it  were 
very  fit  we  knew  what  it  is :  I,  therefore,  demand  of  thofe  who  afferc 
fuch  a  nature  as  is  vulgarly  de£:ribed,  whether  it  be  a  fubftance,  or  an 
accident  ?  If  it  be  the  latter,  it  fhould  be  declared,  what  kind  of  acci- 
dent it  is  ;  how  a  iblitary  accident  can  have  right  to  all  thofe  attributes^ 
and  produce  thofe  nimierous  and  wonderful  eSfeds,  that  they  afcribe  to 
nature :  and  why  a  complex  of  fuch  accidents,  as  are  the  mechanical  affe- 
ctions of  matter,  may  not  altogether  as  probably  as  that  accident  they 
call  nature,  be  conceived  to  have  been  infhtuted  by  the  per£s^y  wife  au- 
thor of  the  univerfe,  to  produce  thofe  changes  among  bodies,  which  are 
intelligibly  referable  to  them.  And  if  things  be  not  brought  to  pafi  by 
thdr  intervention,  Were  very  fit  we  fhould  be  informed,  by  what  other 
particular  and  intelligible  means  nature  can  effeft  them  better. 

But  if  it  b.e  faid,  as  by  moft  it  is,  that  the  principle  call'd  nature,  is  a 
fubftance  ;  I  demand,  whether  it  be  corporeal  or  immaterial  ?  If  it  be 
immaterial,  I  further  ask,  whether  it  be  created,  or  not  ?  If  not,  wc 
have  God  under  another  name,  and  our  difpute  is  at  an  end,  by  the  re- 
moval of  its  fubjeft ;  which  is  faid  by  the  fchools,  to  be  God's  vicegerent, 
not  God  himfelf.  But  if  nature  be  affirmed  ( as  fhe  is  by  all  chriftian 
philofophers)  to  be  a  created  Being;  I  then  demand,  whether  fhe  be  en- 
dowed with  underftanding,  fo  as  to  know  what  fhe  does ;  for  what  eiiJs, 
and  by  what  laws  fhe  ought  to  adt  ?  If  the  anfwer  be  negative,  the  fup- 
pofition  of  nature  will  be  of  very  little  ufe  to  afford  an  intelligible  account 
of  things.  And  if  it  fhould  be  faid,  that  nature  is  endowed  with  under- 
ftanding, and  performs  fuch  funftions  as  many  of  the  ancients  a&ribe  to 
the  foul  of  the  world;  this  hypothefis  is  near  of  kin  to  heathenifci;  and  I 
do  not  think,  that  they  who  funoofe  a  kind  of  foul  of  the  univerfe*  will 
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Physics,  find  thisr  principle  fufficient  to  explain  the  phenomena  of  it.  For  tho'  nature 
be  admitted  to  have  reafon,  yet  a  multitude  of  phenomena  may  be  me- 
chanically produced,  without  her  immediate  intervention ;  as,  we  fee,  that 
in  man,  tho*  the  rational  foul  has  fo  narrow  a  province  to  take  care  of,  as 
the  human  body,  and  is  fuppofed  to  be  intimately  united  to  all  the  parts  of 
it ;  yet  abundance  of  things  are  done  in  the  body,  by  the  mechanifm  of  it, 
without  being  produced  by  the  foul.  In  fleep,  the  circulation  of  the 
blood,  the  regular  pulfation  of  the  heart,  digeftion,  nutrition,  refpira- 
tion,  &c.  are  performed  without  the  immediate  agency,  or  fb  much  as 
the  adbial  knowledge  of  the  mind.  And,  when  a  man  is  awake,  many 
things  are  done  in  nis  body,  not  only  without  the  dire£Hon,  but  againft 
the  bent  of  his  mind ;  as  often  happens  in  cramps,  and  other  convuUions, 
coughing,  yawning,  &c.  Nay,  tho*  fome  brutes,  as,  particularly,  apes, 
have  the  ftrufture  of  many  parts  of  their  bodies  very  like  that  of  the  cor- 
refpondeut  ones  in  men ;  yet  that  admirable  work  of  the  formation  and 
organization  of  the  foetus  in  them,  is  granted,  by  philofophers,  to  be 
made  by  the  foul  of  the  brute,  which  is  neither  an  incorporeal,  nor  a  ra- 
tional fubftance.  And  even  the  human  foetus,  if  we  admit  the  general 
opinion  of  philofophers,  phyficians,  divines,  and  lawyers,  is  formed  with- 
out the  intervention  of  the  rational  foul,  that  is  not  infufed,  till  this  hath 
obtained  an  oi^nization,  fitting  to  receive  fuch  a  gueft ;  which  it  is 
reputed  to  do,  about  the  end  of  the  (ixth  week,  or  before  that  of  the 
Seventh. 

If  it  be  urged,  that  nature,  being  the  principle  of  motion  in  bodies ; 
their  various  motions,  which  amount  to  a  confiderable  part  of  their  phe- 
nomena, muft  be  explained,  by  having  recourfe  to  her:  I  anfwer,  'tis 
very  difficult  to  conceive  how  a  createa,  immaterial  fubftance,  can,  by  a 
phyiical  power,  move  a  body ;  the  agent  having  no  impenetrable  part, 
wherewith  to  impel  the  corporeal  Mobile.  God,  indeed,  who  is  an  im- 
material fpirit,  ought  to  be  acknowledged  the  primary  caufe  of  motion  in 
matter ;  becaufe  motion  neceffarily  belongs  not  to  corporeal  fubftances. 
But,  then,  there  is  that  infinite  diftance  between  the  incomprehenfible 
creator,  and  the  leaft  imperfeft  order  of  his  creatures,  that  we  ought  to 
be  very  cautious  how  we  make  parallels  between  them ;  and  draw  infe- 
rences from  his  power,  and  manner  of  adling,  to  theirs :  fince  he,  for 
inftance,  can  immediately  aft  upon  human  fouls,  as  having  created  them ; 
whilft  they  are  not  able  fb  to  aft  upon  one  another.  And  it  feems  the 
more  difficult  to  conceive,  that,  if  nature  be  an  incorporeal  fubftance,  fhe 
fhould  be  the  great  mover  of  the  mundane  matter  ;  becaufe  we  fee, 
that,  in  a  human  body,  the  rational  foul,  tho'  vitally  united  to  it,  can 
only  determine  the  motion  of  fome  of  the  parts ;  not  give  motion  to  any, 
or  lb  much  as  regulate  it  in  moft.  And,  if  nature  be  faid  to  move  bodies, 
in  another  than  a  phyfical  wav ;  I  doubt,  whether  the  fuppofition  of  fuch 
a  principle  will  be  oimuchyfe  to  philofophers,  in  explaining  phenomena. 
I  mould  fcarce  think  him  a  judicious  phyfician,  who  imagines,  that  he 
gives  an  intelligible  and  particular  account  of  the  fiurprizing  fymptoms  of 
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thofe  ftrange  difeafes,  that  many  impute  to  witchcraft,  when  he  fays,  that  Pmsics. 
their  phenomena  are  produced  by  a  wicked  immaterial  fpirit,  call'd  a 
devil. 

But,  'tis  thought,  that  the  greater  number  of  philofophers,  at  leafl: 
among  the  moderns,  take  nature  to  be  corporeal :  1,  therefore,  demand 
whether  thefe  philofophers  believe  nature,  tho*  corporeal,  to  aft  know- 
ingly, that  is,  with  confcioufnefs  of  what  flie  docs,  and  for  defigned  ends ; 
or  elfe  to  be  blindly  and  neceflarily  moved  and  direfted  by  a  fuperior 
agent,  endowed  with  an  excellent  underftanding  ? 

The  Cartejians  would  ask,  how,  if  nature  be  a  corporeal  fubftancc,  we 
can  conceive  her  capable  of  thinking ;  and  of  being  a  moft  wife  and  pro- 
vident direftor  of  all  the  motions  that  are  made  in  the  corporeal  world  ? 

And  a  philofopher  may  juftly  demand,  how  a  corporeal  Being  can  fb 
pervade  the  univerfe,  as  to  be  intimately  prefent  with  all  its  minute  parts, 
whereof  'tis  faid  to  be  the  principle  of  motion  ? 

We  may,  alfb,  demand,  whence  nature,  being  a  material  fubftance, 
comes  itfelf  to  have  motion ;  fince  motion  does  not  belong  to  matter,  in 
itfelf  ?  For  a  body  is  as  truly  a  body  when  it  refts,  as  when  it  moves. 
If  it  be  anfwer'd,  that  God,  at  firft,  put  it  into  motion;  I  reply,  that  the 
fame  caufe  may  as  probably  be  fuppofcd  to  have  put  the  unquellion'd 
mundane  matter  into  motion ;  without  the  intervention  of  another  corporeal 
Being,  in  the  conception  whereof  as  matter,  motion  is  not  involved. 

It  may,  likewife,  be  ask^d,  how  the  laws  of  motion  come  to  be  obferv'd, 
or  maintained,  by  a  corporeal  Being,  which,  as  merely  fuch,  is  either 
uncapable  of  underftanding  them,  or  of  afting  with  refpeft  to  them  ;  or^ 
at  leaft,  is  not  neceflarily  endow'd  with  any  knowledge  of  them,  or  power 
to  conform  to  them,  and  to  make  all  the  parts  of  the  unqueftion'd  mundane 
matter  do  fo  too  ? 

And  I  ff e  not,  how  the  taking  in  fuch  an  unintelligible,  and  undefign* 
ing  principle,  will  free  our  underftandingjs  from  great  difficulties,  when 
we  come  to  explain  the  phenomena  of  bodies.  For,  if  nature  be  a  bodily 
creature,  and  a£b  neceflarily ;  I  fee  no  caufe  to  look  upon  it  as  other  than 
a  kind  of  engine :  and  the  difficulty  may  be  as  great,  to  conceive  how  all 
•  the  feveral  parts  of  this  fuppos'd  engine,  call'd  nature,  are,  themfelves, 
framed,  ancf  moved,  by  the  great  author  of  things,  and  how  they  aft 
upon  one  another,  as  well  as  upon  the  undoubted  mundane  bodies ;  as  'tis 
to  conceive,  how,  in  the  world  itfelf,  which  is,  manifeftly,  an  admirably 
contriv'd  automaton,  the  phenomena  may,  by  the  fame  author,  be  pro- 
duced, in  confequence  of  the  primitive  conftruftion,  and  motions,  that  he 
gave  it ;  without  the  concurrence  of  fuch  a  thing,  as  they  call  nature, 
r  or  this,  as  well  as  the  world,  being  a  corporeal  creature  ;  we  cannot 
conceive,  that  either  of  them  aft  otherwife  than  mechanically.  And  it 
feems  very  fuitable  to  the  divine  wifdom,  to  employ  in  the  world,  already 
framed  and  completed,  the  feweft,  and  moft  fimple  means,  by  which  the 
phenomena,  defign'd  to  be  exhibited,  could  be  produced.  Nor  need  we 
be  much  mov'd,  to  hear  fbme  nacurifts  fay,  that  nature,  tho^  not  an  in- 

U  a  corporeal 
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Physics,  corporeal  Being,  is  of  an  order  fuperior  to  mere  matter.    For,  who  can 
^^W/  clearly  conceive  an  order,  or  kind  of  Beings,  that  fliall  be  real  fubftanccs, 
and  yet  neither  corporeal,  nor  immaterial  ?    Nor  do  I  fee,  how  the  fup- 
pofition  of  this  unintelligible,  at  leaft  unintelligent  Being,  tho'  we  fhould 
grant  it  to  have  a  kind  of  life,  or  foul,  will  much  affift  us  to  folve  phenomena. 
To  draw,  at  length,  towards  a  conclufion ;  what  we  have  here  delivered 
upon  this  fubje£t,  may,  perhaps,   do  fome  fervice  both  to  natural  phi- 
lofophy,  and  to  religion. 
2ll*!f'*«f  2tf      We  have  attempted  to  difluade  philofophers  from  often  employing,  and 
J^J^       '  without  great  need,  a  term,  which,  by  reafon  of  its  great  ambiguity,  and 
the  little  care  taken  by  fuch  as  ufe  it,  to  diftinguifti  its  different  acceptions, 
occafions  both  a  great  deal  of  darknefs,  and  confufion,  in  what  men  fay 
and  write  about  things  corporeal ;  and  a  multitude  of  controverfies,  where- 
in really  they  wrangle  about  words.    And  this  difcourfe  may,  poffiWy, 
wean  many  from  the  fond  conceit  they  cherifli,  that  they  underftand,  or 
explain  a  corporeal  fubje£l,  or  a  phenomenon,  when  they  afcribe  it  to 
nature.    For,  to  do  that,  one  need  not  be  a  philofopher ;  fince  a  peaiant 
may  eafily  do  the  fame. 

A  man  has  never  well  pcrformM  the  part  of  a  true  philofopher,  till  he 
circumftantially,  or  particularly,  deduces  the  phenomenon  he  confiders, 
by  intelligible  ways,  from  intelligible  principles;  which  he  will  be  con- 
ibuitly  put  in  mind  of  doings  or  difcover  that  he  hath  not  done,  if,  by 
fDibeani^  general  and  ambiguous  terms,  he  endeavours  to  explain  things, 
by  expreffions  that  are  clear  to  all  attentive  readers.  And  this  peripicuous 
way  of  philolbphizinjg  fhould  be  greatly  recommended,  by  the  valuable  dif- 
CQiveries  which  thofe  who  employed  it,  have  happily  made,  in  hydrofta- 
tics,  optics,  anatomy,  botanies,  and  many  other  parts  of  real  learning. 
Our  doftrine  may,  alio,  be  ferviceable  to  religion  in  three  refpefts. 
And,  firft,  it  may  keep  many,  who  were  inclined  to  have  an  excefllvc 
veneration  for  what  they  call  nature,  from  running  into  thofe  extravagant 
and  fecrilegious  errors,  that  have  been,  upon  plaufible  pretences,  embraced, 
not  only  by  many  of  the  old  heathen  philofophers,  but  by  feveral  modern 
profeifors  of  chriftianity. 

Secondly,  it  may  conduce  to  juftify  fome  remarkable  proceedings  of* 
divine  providence,  againft  thofe  who  boldly  cenfure  it,  upon  the  account 
of  fome  things  they  judge  to  be  phyfical  irregularities  ;  fuch  as  monfters, 
earth-quakes,  floods,  eruptions  of  rulcano's,  famines, .  &c.    For,  accord- 
ing to  us, 

I.  God  is  a  moft  free  agent,  and  created  the  world,  not  out  of  ne- 
ceffity,  but  volimtarily  ;  having  framed  it  as  he  pleafed,  and  thought  fit, 
at  the  beginning  of  things ;  when  there  was  no  fubftance  but  himfelf,  and, 
confequently,  no  creature,  to  which  he  could  be  obliged,  or  by  which  he 
eould  be  limited. 

a.  God  having  an  underftanding  infinitely  fuperior  to  that  of  man,  in 
extent,  deamefs,  and  other  excellencies  j  he  may,  rationally,  be  fuppos'd 
CO  have  framed  fo  great  and  admirable  an  automaton  as  the  world,  and 
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the  fubordinate  engines  comprized  in  it  for  feveral  ends  and  purpofes ;   Phtsics 
fome  of  them  relating  chiefly  to  his  coiporcal,  and  others  to  his  rational  ^.^YN 
creatures  :  v&  which  ends,  be  hath  vouchiafed  to  make  fome  difcoverable 
by  our  dim  reafon  ;  whilft  others  are,  probably,  not  to  be  penetrated  by 
it    but  lieconceardjnthe  deep  abyfsot  his  unfearchable  wifdom. 

3.  It  feems  probable,  that  this  moft  excellent  and  glorious  Being  thought 
fit  to  order  things  fo,  that  both  his  works  and  aftions  might  bear  fome 
marks  of  bis  attributes;  and,  efpecially,  to  ftamp  upon  his  corporeal 
works  fome  tokens,  or  imprefles,  m  his  divine  wifdoan,  difccrmblc  by  the 
human  mind. 

4.  Upon  this  fuppofition,  it  became  the  divine  author  of  the  univerfe 
to  give  it  fuch  a  ftrufture,  and  fuch  powers,  and  to  eftablifii  among  its 
parts  fuch  general  and  conftant  laws,  as  beft  fuited  his  purpoies  in 
creating  the  world  ;  and-to  give  thefe  univerfal  laws,  and  particular  parts, 
car  bodies,  fuch  futwrdinations  to  one  another,  and  fuch  references  to  the 
original  fabric  of  the  grand  fyftem  of  the  world,  that,  on  all  particular 
occaiions,  the  welfare  of  inferior,  or  private  portions  of  it,  (hould  be 
only  fo  far  provided  for,  as  their  welfare  is  confiftent  with  the  general 
laws  by  him  fettled  in  the  univerfe  ;  and  with  fuch  of  thofe  ends,  that  he 
propos  d  tohimfelf  in  framing  it,  as  are  more  confiderable  than  the  wel- 
fare of  thofe  particular  creatures. 

5.  The  laft  fervice  that,  I  hope,  our  doftrine  may  do  religion,  is, 
to  induce  men  to  pay  their  admiration,  their  praifes,  and  their  thanks, . 
dil«ftly  to  Cod  himfelf ;  who  is  the  true  and  (Hily  creator  of  the  fuB; 
moon,  earth,  and  thofe  other  creatures,  that  men  call  the  works  of  na- 
ture. And  in  this  way  of  emrcffing  their  veneration  of  the  true  Ood, 
and  their  gratitude  to  him,  they  are  warranted  by  the  examples  of  the 
ancient  people  of  God,  the  IfratUut ;  and  not  only  by  the,inJ4)ired  perfons 
of  the  old  teftament,  but  by  the  promulgators  of  the  new,  and  even  by 
the'  celeftial  fpirits;  who,,ni  the  Revelation  of  St.  John,  are  introduced 
praifine  and  thanking  God  himfelf  for  his  works  j  without  taking  any 
notice  of  his  pretended  vicegerent,  nature. 
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SECT.    I. 

Here  propofe  to  deliver  my  thoughts  upon  thefe  four  queftions. 
I.  Whether,  indefinitely  ipeaking,  there  be  any  final  caufes  of  things 
corporeal,  knowable  to  men  ?  ^.  Whether,  if  that  queftion  be  re- 
folv'd  in  the  affirmative,  we  may  confider  final  caufes  in  all  forts  of  bodies, 
or  only  in  fuch  as  are  peculiarly  Qualified  ?  3.  Whether,  or  in  what 
fenfe,  the  afting  for  ends  may  be  afcribed  to  an  unintelligent  and  inani- 
mate body  ?  4.  And  laftly,  how  far,  and  with  what  cautions,  arguments 
may  be  framed  upon  the  luppofition  of  final  caufes  ? 
!2'*^r**l/'  begin  with  the  firft  queftion.    Thofe  who  would  exclude  final  cau- 

futtMtsiMfi  fes  from  the  confideration  of  the  naturalift,  feem  to  do  it,  either  becaufe, 
wre  kmwM  to  ^j^h  Epicurus^  they  think  the  world  was  produced  by  atoms  and  chance, 
***  without  the  intervention  of  a  JJeity ;  and,  confequently,  that  'tis  in  vain  to 

feck  for  fuch  caufes:  or  becaufe,  with  Des  Cartes,  they  imagine,  that  God 
being  omnifcient,  ^tis  rafli  and  prefumptuous  for  men  to  think  they  know, 
or  can  difcover  what  ends  he  propos  d  to  himfelf,  in  his  creatures.  The 
fuppofition  on  which  the  Epicureans  have  rejefted  final  caufes,  has  been  dif- 
allo\v'd  by  the  philofophers  of  almoft  all  other  fefts  ;  and  fome  have  writ- 
ten fufficient  confutations  of  it :   I  Ihall,  however,  in  the  progrefs  of  our 
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work,  make  fuch  occafional  obfervations,  as  may  fervc  to  difcredit  ib  un-^   Physics. 
reafonable  an  opinion.    But  the  Cartefian  argument  having  been  £o  preva-  VXVNJ 
lent  among  learned  and  ingcnious^men,  I  fliall  beftow  the  more  pains  in  the 
confideration  of  that. 

One  thing,  perhaps,  that  kept  fo  great  a  philofopher  as  Des  Cartes,  from 
allowing  the  confideration  of  nnal  caufes  in  phyfics,  was,  that  the  fchool- 
philofophers,  and  others,  are  apt  to  propofe  it  too  unwarily  ;  as  if  there 
were  no  creature  in  the  world,  that  was  not  folely,  or  chiefly  defignM  for 
thefervice  ofman.  And,  indeed,  I  have  feen  a  body  of  divinity,  piib- 
lifhM  by  a  famous  author,  wherein  he  ui'ges  this  argument  for  the  an- 
nihilation of  the  world;  "  That  fince  the  world  was  made  for  the  fake  of 

man,  in  his  travelling  capacity  ;  when  once  man  is  poflefs'd  of  his  ever- 

lafting  ftate  of  happinefs,  or  mifery,  there  will  be  no  further  ufe  of  the 

world.  '*  The  opinion  that  gives  rife  to  fuch  prefumptuous  and  unwar- 
rantable expreffions,  was,  as  I  conjefture  from  his  objection,  very  (hocking 
to  Des  Cartes  ;  but  the  indifcretion  of  men  ought  not  to  prejudice  truth, 
which  is  not  to  be  thrown  away  with  the  groundlefs  conceits  that  fomc 
people  have  pinn'd  upon  it. 

Smce  then,  I  cannot  clofe  in  either  with  the  doftrine  of  the  Eptcureotts, 
or  Cartefiansy  I  fliall  leave  each  party  to  maintain  its  refpeftive  opinion,  and 
proceed  to  declare  my  own  :  but,  to  clear  the  way,  *tis  neceltary  to  premife 
a  diftindion. 

In  fpeaking  of  the  ends  which  the  author  of  nature  is  faid  to  have  '^^^^^^ 
things  corporeal,  any  of  thefe  four  particulars  may  be  fignified.  fiff^*    "^ 

Firfl:,  Some  grand  and  general  ends  of  the  univerfe ;  fuch  as  exercifing 
and  difplaying  the  creator's  wifdom;  the  communication  of  his  goodnef^ 
and  the  admiration  and  thanks  due  to  him  from  his  intelligent  creatures^ 
&c.  And  thefe  ends,  becaufc  they  regard  the  whole  creation,  I  call  the 
univerfal  ends  of  God,  or  nature. 

Secondly,  In  a  more  reftrain'd  &nfe,  the  ends  defignM  in  the  number, 
fabric,  fituation,  and  motion  of  great  mafles^  of  matter,  that  make  large  parts 
of  the  world ;  fince  'tis  very  probable,  that  thefe  bodies,  fuch  as  the  fun, 
inoon,fix*d  ftars,andthe  terraqueous  globe,  were  fo  framed,  and  placed,  as 
not  only  to  perfevere  in  their  own  prefent  ftate,  but  alfb  to  conduce  to  the 
univerial  ends  of  the  creation,  and  the  good  of  the  whole,  whereof  they  are 
confiderable  parts.  Upon  which  accounts,  thefe  ends  may  be  called  cof-^ 
mical,  or  fyftematical;  as  they  regard  the  fymmetry  of  the  great  fyftem  of 
the  world. 

Thirdly,  ends  that  more  peculiarly  concern  the  parts  of  animals,  and, 
perhaps,  plants  too  ;  or  thofe  to  which  the  particular  parts  of  animals 
al'e  deftined  for  the  welfare  of  the  whole  creature,  conlidorM  as  an  en- 
tire and  diftinft  fyftem  of  organized  parts,  defign'd  to  preferve  himfelf, 
and  propagate  his  fpecies,  upon  that  ftage  to  which  his  ftrudure,  and 
circumftances  determine  him  to  aft  his  pan.  And  thefe  ends,  to  di- 
ftinguifli  them  from  others,  may  be  call'd  animal  ends.. 

Laftly, 
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Phys^.  ^  Laftly,  *!f  fAfajtie  exprefl^  fijp\ify  fln9ther  fort  of  ertdis,  whirJ^  bc- 

V.^S^ISsifS^*^®*^^?}^ ^^^^^  particularly  to  niap, ,Tng^yi)e  ca^ed  human  ends*  a,ncl  are 

thofe  aimed  at  by  nature,  where  (he  is  laid  ^d  &ame  aainiali,  ^teg^ta^tes, 

&c.  for  the-ufe  of  man.     And  thefe  ends  may  farther  be   diftinguilh'd  into 

mental  and  corporeal. jfbftt^oHiy  8*irt2id  Gs'iab  ajiFmal  framed,  like  others,for 

his  own  prefervation,  and  the  propagation  of  his  fpecies ;  but  alfo,  as  he  is 

jg^fit^o  hatgg^omididn^o^r  other  animals,  and  worjcs-of  nature,  and  fitted 

.^7feDp)A^  th^ijfi^ei^ent  t^^iis  purpofes.    This  4iffindlion  being  thus  fet-- 

-vtled^Tl  dectare  inyaiflfent,  as  well  from  the  \iilgar  notion  of  nnal  caufes, 

^^  whicl^  allows  of  none  but  thofe  we  have  called  human  ones ;  as  from  theirs 

'Tis  an  acknowledged  principle  of  the  Cartefian  philofbphy,  that  thferc 

is  always  the  fame  qiiantftty>  of  oiiotion  jn.  thft  world*  ;  becaufe,  fay  they, 

tliere  is  noreafon  why  God,  who  is  immutable,  (hould,  at  the  beginning 

of  things,  have  given  luch  a  qu^tify  of  motion  to  matter,  as  fhould  need  to 

.  ^  h^  afterwards  augmented,  or  leflen'd.     But  do  not  thofe  who   employ 

' 'y    ^S'niS^tive,arguriient,vta^  them  to  judge  of  the  ends  that  God 

-''  aftjy  hsivg  prppos'd  ;o  himfelf  in  natural  things  ?     For,  without  fuppofinj 

*  that  fltey=krtow  wliat  God  defigri*d  in  fetting  matter  in  motion,  'tis  har< 

for  them  to  (hew,  that  his  defign  could  not  be  beft  accompli(h*d  h^  fome- 

times  ad3ing  tOj  and  fbriietimes  taking  from  the  quantity  of  motion,  he 

originally 
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*  Sirl/I  ?C^^  makes  it  cvidentithat  there 

^-Qix;  ^l5fax<  the  fame  quantity  of  mo- 
dlKi  in  flw  ^orlit '  *•  VKi  vU  inirtik^  fays 
**  that  great  philofopher,  is  a  paffive  prin- 
**  ciple,  by  which  bodies  perfift  in  their 
•*  motion,  or  reft ;  receive  motion  in  pro- 

..**  portion  to  the  force  imprefling  it,  and 
•*  refiftasraucjias  thcyarerefiftcd.  By  this 
*^  principle,  afenp,  there  could  newer  have 
•*  beenanjr  morion  in'YKe  wbi^d. '  Some 

.  **,  other  principle  was  neceffary  for  put- 
^  ting  bodies  into  motion  ;  and  now  they 
**  are  in  motion,  fome  other  principle  is 
**  necciTary  for  confer ving  the  motion*' 
•*  For,  from  the  various  compofitioa  of 
•^  twonkSion4,^rs3ceryrerxain,  there  is. 
**  not  always  the  fame  quantity  of  mo- 
"  tion  in  the  world.  For,  if  two  globes 
join'd  by  a  flcndcr  rod,  rcvolva-aboxit 
their  common  centre  of  gravity,  with 

^      an  uniform  ^ motion,  while  that  centre 
i*  mpvCs'.fljjPjiftiiftftmly^  in  ft/icight  V^\ 
'}  drawn   i^  the  plain  of  thcS  crrcutar 
•*  iiaotiot);*-the  fiun.  0f.the.  ibotions)><!|f 
**  the  two  globes,  as  often  as  di^Iohes 
•*  arc  in  aright  line,   dcfcribod 4»y.  thqir , 
^*  common  centre  of  gravity,  witl  bd  bi^- '' 
^*  ger  than  the  fum  of  their   motions^  t 
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*'  when  they  are  in  a  line  i>ei})epdicular 
"  to  that  right  line.'  By  this  inftaiicfe  it 
appears,  that  moticji  fo^iy  be  ^ot  or 
loft.  But  by  reafon  of  the  tenacity  of 
fluids,  and  attfricifon  ^''^^  sh^ifj  parts, 
^*  and  the  weaknefs  of  elafticity  in  folids, 
^*  motion  is  much  more  apt  to  be  loft^ 
"  than  got ;  and  is  always  upon  the  de- 
•*  cay.  For,  bodies  which  are  either  ab- 
"  folutcly  har^^-or  fo  foft  as  to  be  void 
of  elafticity,  will  not  rebound  from 
one  anotlier.  Impenctcability  makes 
jhem  only  ftop.  If  two  equal  bodies 
meet  direffly  In  vncuo^  they  will,  by 
the  laws  of  morion,  ftop  where  they 
"  mect,^and  lofe  all  their  motion,  and 
remain  at  reft  ;  xrateft  they  be  claftic, 
and  receive  new  motion  from  their 
Ipring.  If  they  have  fo  much  eUfticiry 
>*  «8  fufticcs  to  make  them  rebound  witd 
"  i»  or  4»  or  J  of  the  force  with  wliich 
*lwthey>comc;  together,  they  will  lofe  ^» 
/*^'*or  ^,^or  4  Af  thSr  WiW'  .hnl  this 
'  inajfrl^.  trifcL  by  lotung.  two  equal 
pencfulumsTali  againft  dne  another  from 
"  equal  heights.  If  the  pendulums  be  of 
lead,  or  fofc  clay,  they  will  lofe  all« 
'^  or  almoft  all  their  motions  ;    if  of  ela- 
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originally  communicated  to  matter.    And,  I  think,  it  may  be  worth  confi-  Physics- 
dering|.  whether  by  this  dofbine  of  theirs,  the  Cartefians  do  not  morp  take     ""^ 
je^|pi9lP(^^  of  God's  den^s.    For,  if  a 

ma^vpe  inown  for  very  wiie,  and  to  have  various  ways  of  comparing  his 
4l^li|lS^  of  thofe  ways  have  a  dh-eft  tendency 

ant)iqpal  end,  Ihali  conclude  that  end  to  be  one  of  the  number  intended, 
Jfl^l/^$fs^^^  to  that  man^  than  he  who  fhould  conclude, 

cannot  oc  mch^;  ^d^that  He  has  no  other  defign  knowable,  ex- 
^-^^j,j,^frtafeif  gencgpii  txP  .^  And,  indeed,  itfeemsmore  eafy  to  know, 
^lat^  particular ' eh3,  for  which  an  en^e  is  proper,  may,  among  others, 
'^jiff^^eniBylff  never  fo  skilful;  than  to  know  negatively, 

thatlicf  ran  have  no  other  than  fuch  a  certain  end. 

y^  a  Cantfian  be  fure,  that  among  the  many  ends  he  grants 
liave  propofed  to  himfelf,  in  the  produnion  of  his  mundane  crea- 
.'^e&ir^f^^^f^that  we,  ^krhom  he  has  made  intelligent  Beines,  and  capable 
'dF  acmSSfag  and  praifing  him,  fhould  find  juft  caufe  to  do  to,  for  the  wif- 
dom  ai^'j^oo^efV  he  has  difplay'd  in  the  world  ?  Which  attributes  we 
could'  not  welt  difcem,  and  celebrate,  tinlefs  we  knew  that  the  crea- 
tures were  made  for  fuch  ufes,  and  that  they  are  exceedingly  well  fitted  to 
them.    God's  immutability  is,  indeed,  alledg'd  to  prove,  that  the  quantity 


^  ftic  bodies,  they  will  lofe  all  but  what 
they  recover  from  their  elafticity.  If 
it  be  faid,  that  they  can  lofe  no  motion 
but  what  they  communicate  to  ether 
bodies,  the  confequence  is,  that  In 
vacuo  they  can  lofe  no  motion  ;  but, 
when  they  meet,  muftgo  on,  and  pene- 
trate one  another's  dimenfions.  If  three 
equal  round  vcfTels  be  fill'd,  the^  one 
with  water,  the  othci>  with  oil/atui 
the  third  with  melted  pitch  ;  and  the 
liquors  be  ftirred  about  alike,  to  give 
them  a  vortical  motion  ;  the  pitch,  by 
its  tenacity,  will  lofe  its  motion  quick- 
ly ;  the  oil,  being  lefi  tenacious,-  will 
keep  it  longer ;  and  the  water,  being 

*  lefs  tenacious,  will  keep  it  longeft ;  but 

*  yet  will  lofe  it  in  a  ihort  time.  Whence 
^  It  is  eafy  to  underftand,  that  if  many 

*  contiguous  vortices  of  melted   pitch, 

*  were  each  of  them  as  large,   as  fome 
'  fuppoib  CO  revolve  about  the  fun  and 

*  fix'd  ftars ;  yet  thefe,  and  all  their 
parts,  would,  by  their  tenacity  and  ftiff- 
nefs,  communicate  their  motion  to  one 
another,  till  they  all  refted  among 
thcm(elves.  Vortices  of  oil,  or  water, 
or  Ibme  fluider  matter,  might  conti- 
nue longer  in  motion  ;  but,  unkfsthat 
matter  were  void  of  all  tenacity ,and  at- 
trition of  parts,  and  communication     < 

yoL.  iL 


*^  motion,  the  motion  would  conftantly 

^*  decay.  Seeing,  therefore,  the  va- 
riety of  motion  which  we  find  in  the 
world.  Is  always  decreadng,  there  is 

**  a  neceflity  of  confer ving  and  recruit- 
ing it  by  afiive  principles  ;  fuch  as  are 
the  cauie  of  gravity,  by  which  planets 
and  comets  keep  their  motions  in  their 
orbs,  and  bodies  acquire  great  motioa 
ib  falling  ;  and  the  caufe  of  fermenta- 
tion, by  which  the  heart  and  blood  of 
animals  are  kept  in  perpetual  motion, 

^*  and  heat ;  the  inward  parts  of  the  earth 
are  conftantly  warm*d,    and,  in  fome 

S laces,  grow  very  hot ;  bodies  bum  and 
line;  mountains  take  fire;  the  ca- 
*<  vems  of  the  earth  are  blown  up  ;  and 
the  fun  continues  violently  hot,  and 
lucid,  and  warms  all  things  i^y  his  light^ 
For,  we  meet  with  very  little  motion 
**  in  the  world,  befides  what  is  pwingto 
**  thefe  aQive  principles.  And,  if  it  were 
"•*  not  for  thefc  principles,  the  bodies  of 
**  the  earth,  planets,  comets,  Hin,  and 
**  all  things  in  them,  would  §row  cold, 
**  and  freeze,  and  become  inaaivemafles; 
**  and  all  putrefaSion,  generation,  vege- 
*^  tation,  and  life,  would  ceafc;  and  tho 
^  planets  and  comets  would  not  remain 
^*  m  their  ocbs.  **    MWc^Hm^  CSf^*  p-  }7^> 
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1  ^  A  Find  Caujes  of  Natural  Things. 

Physics,  of  motion  never  varies  ;  but  to  me  'tis  not  evident  v/hy  God's  having  par- 
i^y^^  ticular  ends,  tho*  fome  of  thenvfeem  to  require  a  chanre  in.  his  way  of 
afting  in  natural  things,  muft  be  more  inconfiftent  with  his  immutability, 
than  liis  caufing  many  things,  decreed  from  eternity,  to  be  brought  to 
pafs  in  procefs  of  time.  And,  particularly,  it  feems  not  clear,  why  God 
may  not  as  well  be  immutable,  tho'  he  .ihould  fometimes  vary  the  quan- 
tity of  motion  in  the  world ;  as  he  is,  tho',  according  to  the  opinion  of 
moft  Cartefiansy  he  daily  creates  multitudes  of  aftuating  rational  fouls,  to 
unite  them  to  lifelefs  human  bodies.  I  fay  not  this,  as  if  I  abfolutely 
rejefted  the  Cartefian  doftrine  about  the  continuance  of  the  fame  quantity 
of  motion  in  the  whole  mafs  of  matter.  For  whether  that  be  true  or  nor,, 
'tis  no  unufeful,  or  improbable  hypothefis ;  and  I  have  not  fomuch  argued 
againft  that,  as,  upon  the  fame  grounds  they  argue  for  it. 

To  come  then  to  the  thing  itfelf;  M.  Des  Cartes  oh}t&s,  that  'tis  a 
prefumption  in  man  to  pretend  he  is  able  to  difcover  the  ends  that  the 
Omniicicnt  propofed  to  himfelf  in  the  making  of  his  creatures.    Now  I 
confider,  by  way  of  anfwer,  that  there  are  two  very  different  wavs, 
wherein  a  man  may  pretend  to  know  the  ends  of  God  in  his  vifible  works ;. 
for  he  may  either  pretend  to  know  only  fbme  of  God's  ends  in  fome  of  his 
works,  or  he  may  pretend  to  know  all  his  ends.    He  who  prefumes  to 
difcover  God'is  ends,  in  this  latter  fenfe,  will  fcarce  be  excufed  from  ft 
high  prefumption,  and  no  lefs  a  degree  of  folly.    But  to  pretend  to  know 
God's  ends,  in  the  former  fenfe,  is  no  prefumption ;  and,  to  take  notice 
of  them,  rather  a  duty.    For  there  are  lome  thmgs  in  nature,  fo  curioufly 
contrived,  and  fo  exquifitely  fitted  for  certain  operations  and  ufes,  that  it 
feems  little  lefs  than  blindnefs  in  him  who  acknowledges  a  moft  wife  au- 
thor of  things,  not  to  conclude,  that,  tho'  they  may,  perhaps,  have  been 
delign'd  for  other  ufes,  yet  they  were  alfo  delign'd  for  thefe.   Thus  he  who 
conlidei  s  the  admirable  fabric  of  the  coats,  humours,  and  mufcles  of  the 
eye,  and  how  excellently  all  the  parts  are  adapted  to  compofe  an  organ  of 
viiion,  can  fcarce  help  confefllng,  that  the  author  of  nature  intended  it 
fhould  fene  the  animal,  to  which  it  belongs,  to  fee  with.     The  Epicurcansy 
indeed,  who  believe  the  world  to  have  been  produced  merely  by  a  cafual 
concourfe  of  atoms,  may  have  a  kind  of  excufe,  which  other  philofophcrs, 
who  acknowledge  a  deity,  want.     Thus,   the  very  fuppolition,    for  in- 
ftance,  that  a  man's  eyes  were  made  by  chance,  argues,  that  they  need 
have  no  relation  to  a  defigning  agent ;  and  the  ufe  that  a  man  makes  of 
them,  may  be  either  cafual  too,  or  at  leaft  an  effeft  of  his  knowledge,  not 
of  nature  s.     But  when,  upon  the  anatomical  diflfeftion,  ^nd  the  optical 
confideration  of  this  part,  we  find  it  to  be  as  exquifitely  fitted  for  an  orjjan 
of  fight,  as  the  beft  artificer  could  have  framed  a  little  engine,  purpolely 
dcfign'd  for  the  ufe  of  feeing ;  it  founds  very  harfti  to  fay,  that  an  artifi- 
cer, who  is  too  intelligent  to  do  things  by  chance,  or  to  make  a  curious 
piece  of  work,  without  knowing  to  what  purpofc,  Ihould  not  defign  it  for 
an  .ufe  to  which  'tis  wholly  adapted. 

'Tis 


final  Caujes  if  Natural  Things.  i  $$ 

'Tis  pojQGble,  indeed,  he  may  have  defign'd  more  ufes  of  it  than  one ;  and.  Physics. 
perhaps,  fuch  as  we  cannot  find  out :  however,  among  its  feveral  ufes,  this,  "  "^""^ 
to  which  we  fee  it  fo  admirably  adapted,  fhould  be  thought  one.  And  I  fee 
not  how  it  magnifies  God's  wifdom,  or  exprefles  our  veneration  of  it,  to 
exclude  from  the  number  of  his  ends,  in  framing  human  eyes,  that  moft 
obvious  and  ready  ufe,  which,  we  are  fure,  is  made  of  them ;  and  which 
they  could  not  be  better  fitted  for.  Thus,  fuppofe  a  countryman,  brought 
into  the  garden  of  a  mathematician,  (hould  there  fee  one  of  thofc  ciunous 
rnomonic  inftruments,  that  fhew,  at  once,  the  place  of  the  fun  in  the  zodiac, 
ds  declination  from  the  equator,  the  day  of  the  month,  the  length  of  the 
day,  &c.  it  would,  indeed,  be  prefumption  in  him,  whilft  unacquainted 
both  with  mathematics,  and  the  feveral  intentions  of  the  artift,  to  pre- 
tend himfelf  able  to  difcover  all  the  ends  for  which  fo  curious  and  ela- 
borate a  piece  was  framed :  but,  when  he  fees  it  fumifh'd  with  a  ftile, 
with  horary  lines,  with  numbers,  and,  in  fliort,  with  all  the  requifites  of 
a  fun-dial ;  and  manifefHy  perceives  the  fhadow  to  mark,  from  time  to 
time,  the  hour  of  the  day ;  'twould  be  no  prefumption  in  him  to  conclude, 
it  a  fun-dial ;  whatever  other  ufes  it  was  defign'd  for. 

And  I  demand  of  thofe,  who  will  not  allow  that  any  natural  things 
are  direfted  to  ends  knowable  by  men,  whether,  if  the  divine  author  of 
them  had  really  defign'd  them  for  fuch  ends,  the  things  themfelves  are  not 
fo  framed  and  directed,  as  in  that  cafe  they  ought  to  be  ?  And  whether 
the  fabric  and  management  of  natural  things  do  really  countenance,  or 
contradift  our  fuppofition  ? 

For  my  part,  1  confefs,  I  think  it  no  difbaragement  to  the  wifUom  of 
any  agent  whatfbever,  to  fuppofe  his  produftlons  defign'd  for  fuch  ends, 
among  others,  as  they  are  excellently  fitted  for ;  unlefs  it  appeared  that  fuch 
ends  were  unworthy  the  wife  agent.  But  that  cannot  be  juftly  faid  in  our 
cafe ;  fince  'tis  not  injurious  to  the  divine  author  of  things,  to  believe 
that  fome  of  the  ends,  to  which  he  deftined  feveral  of^his  corporeal 
works,  were  to  exert  and  communicate  his  goodnefs ;  and  to  receive  from 
his  intelligent  creatures  an  ardent  love,  a  high  admiration,  and  an  obfe- 
quious  gratitude  for  having  diiplay'd  fb  much  wifdom  and  beneficence  in 
them. 

And,  indeed,  I  can  by  no  means  aflent  to  the  affertion  of  Des  Cartes, 
that  none  of  God's  ends  in  his  corporeal  works  are  more  manifeft  than 
others,  but  that  all  of  them  lie  equally  hid  in  the  abyfs  of  the  divine  wif- 
dom ;  for  there  are  many  of  his  creatures,  feme  of  whofe  ufes  are  fo 
manifeft  and  obvious,  that  the  generality  of  mankind  have  in  all  ages,  and 
almoft  in  all  countries,  acknowledg'd  them.     And  as  to  what  he  adds. 


accounts  dF  their  creation.  Thus,  a  man  may  give  a  mechanical  reafon 
of  the  ftrufture  of  every  wheel,  and  other  part  of  a  watch,  and  of  their 
way  of  a£ting  upon  one  another,  when  rightly  fet  together  j  and,  in  fhort, 

X    2  of 
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Physics,  of  the  contrivance  and  phenomena  of  the  little  machine ;  tho'  he  fuppofes 
that  the  artificer  defign'd  it  to  (hew  the  hours  of  the  day,  and  tho'  he  has 
that  ufe  in  view,  whilft  he  explains  the  fabric  and  operations  of  the  watch. 
Secondly,  I  readily  admit,  that,  in  phyfics,  we  fhould  groimd  all  we  de- 
liver upon  as  folid  reafons  as  poffible ;  but  there  is  no  neceffity  that  thofe 
reafons  fhould  be  always  precisely  phyfical,  efpecially  when  we  are  treating 
not  of  any  particular  phenomenon,  produced  according  to  the  courfe  cA 
nature  eftablifhed  in  our  fyftem ;  but  of  the  firft  and  general  caufes  of  the 
world  itfelf :  from  which  caufes,  I  fee  not  why  the  nnal  ufes  that  appear 
manifeftly  to  have  been  defignM,  fhould  be  excluded.  And  to  me  'tis  not 
very  material,  whether  in  phyfics,  or  any  other  fcience,  a  thing  be  proved  by 
the  peculiar  principles  of  that  fcience ;  provided  it  be  firmly  proved  by  the 
common  grounds  of  reafon.  And  here  let  me  obferve,  that  the  fundamen- 
tal tenets  of  Des  Cartes^s  own  philofbphv,  are  not  prov'd  by  arguments 
firidtiy  phyfical ;  but  either  by  metaphyfical  ones,  the  more  general  dilates 
of  reafon,  or  the  particular  teflimonies  of  experience.  Thus,  when,  for 
inftance,  he  truly  afcribes  to  God  all  the  motion  that  is  found  in  matter^ 
and  confequently  all  the  phenomena  that  occur  in  the  world ;  he  proves  it 
not  by  a  precife  phyficd  argument,  that  God,  who  is  an  immateriaL 
agent,  is  the  efficient  caufe  of  motion  in  matter ;  but  only  hence,  that 
fince  motion  does  not  belong  to  the  edience  and  nature  of  matter^  matter 
xnuft  owe  its  motion  to  fome  other  Being :  and  then  ^tis  moft  agreeable  to 
common  reafon  to  infer,^  that  fince  matter  cannot  move  itfelf^but  muft 
be  movM  by  fome  other  Being,  that  Being  is  inunaterial ;  fince,  otherwifc^ 
fome  matter  muft,  contrary  to  the  hypothefis,  be  able  to  move  itfelf. 
And  when  Des  Cartes  attempts  to  demonflrate,  that  there  is  always  the 
fame  quantity  of  motion  in  the  univerfe ;  and,  confequently,  that  as  much 
motion  as  one  body  communicates  to  another,  it  loies  itfelf;  he  proves  it 
by  the  immutability  of  God,  which  is  not  a  &n&  phyfical  argument,  but 
rather  a  metaphyfical  one ;  as  he  had  before  provd,  that  God  was  the 
caufe  of  all  motion  in  matter,  not  by  principles  peculiar  to  phyfics,  but 
by  the  common  grounds  of  reafon. 

But  tho'  Des  Cartes  fpeaks  very  dogmatically  and  univerfelly  againft 

mens  oretendiiig  to  know  any*  final  caufe  in  natural  things ;  yet  I  have 

met  with  a  pa£^e  in  his  writings,  where  he  feems  to  fpeak  more  cau- 

tioufly,  and  oppofes  their  opinion,,  who  teach,  that  God  had  no  other  end 

in  making  the  world,  than  that  o£  being  praifed  by  men.    His  words  are 

thefe.    **  Tis  felf-evident,  that  we  cannot  know  the  ends  of  God,  unlefs 

he  reveals  them  to  us  ,•  and  fuppofing  it  morally  true,  that  all  thinK 

were  made  to  die  end  that  we  fhould  praife  God  for  them ;  in  which  fenle 

it  may  be  faid,  that  the  fun  was  made  to  give  us  light ;  yet  it  would  be 

very  childifh  and  ab£urd  to  fay,  metaphyfically,  that  God,  like  a  proud 

man,  had  no  other  end  in  making  the  world,  but  to  be  praised  by  men 

for  it ;  and  that  the  fun,  which  is  vafUy  larger  than  the  earth,  was 

wholly  deflgn^d  to  give  us  light,  who  inhabit  but  a  very  fmall  part  of  the 

V  furiSicc  cf  tiiie  tgjaqueous  globe.'*  But  he,  at  the  fame  time,  delivers  two 

or 
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or  three  other  things,  wherein  I  cannot  acquiefce.  As,  firft,  that  *tis  felf-  Physics. 
evident,  we  cannot  know  the  ends  of  God,  unlefs  he  himfelf  reveals  them 
to  us.  For  what  he  here  fays  to  be  felf-evident,  is  not  fo  to  the  generality 
of  mankind,  or  even  of  philofophers ;  and,  therefore,  I  think  it  ought  not 
to  be  barely  afferted,  but  proved.  In  the  next  place,  he  does  not  ihew  hovr 
we  arc  obliged  to  praife  God  for  his  works,  if  God  had  no  intentions 
that  we  ihould  do  io^  or  that  we  fhould  difcover  none  of  the  ends  for 
which  he  defign'd  them.  If  a  judicious  man  fhould  fee  a  book  written  in 
fome  language  which  he  is  an  utter  ftranger  to,  and  fhould  know  nothing 
farther  of  it  than  that  'twas  compofed  by  a  very  intelligent  phyfician  ;  he 
might,  indeed,  conclude,  that  it  was  not  written  by  chance ;  out  could  not, 
by  mfpefting  the  book  itfelf,  be  convinced,  that  it  was  form'd  with  great 
skill  and  kmdnefs,  and  deferv'd  his  praife  and  thanks ;  fince  he  was  un-* 
able  to  know  any  of  the  particular  ends  to  which  the  feveral  chapters  of 
it  were  defign'd ;  and,  confequently,  could  not  fee  how  well  they  were 
fitted  to  aniwer  fuch  ends.  What  Des  Cartes  fays,  that  it  is  childifh  and 
absurd  to  think  God  had  created  the  fun,  which  is  vafUy  bigger  than 
the  earth,  only  to  afibrd  light  to  a  fmall  number  of  men,  is  fomewhat  in- 
vidiotkfly  proposed ;  for  there  are  few  eminent  writers  who  confine  the 
utility  of  the  fun  dire£Uy  to  its  affording  light  to  man :  and  the  fmall  bulk 
of  mankind  ought  not  to  make  it  feem  abfurd,  that  God  may  have  had 
an  efpecial  eye  to  their  welfare  in  framing  that  bright  globe ;  fince  that 
moft  excellent  machine,  the  human  body,  appears  to  be  a  more  admirable 
thing  than  the  fim :  befides,  the  rational  and  immortal  foul  that  refides  in 
it,  is  incomparably  more  noble  than  a  thoufand  mafTes  of  brute  unor- 
ganized matter  can  be  jufUy  reputed.  And  fince,  in  this  very  difcourfe, 
our  author  confefles  that  we  may  know  the  ends  of  God's  corporeal  works, 
if  he  reveal  them  to  us ;  a  chriftian  philofopher  may  be  allow'd  to  think 
the  fun  was  made,  among  other  purpofes,  to  enlighten  the  earth,  and  for 
the  ufe  of  man ;  fince  the  fcripture  teaches,  that  not  only  the  fun  and 
moon,  but  the  ftars  of  the  firmament,  which  Des  Cartes,  not  improbably, 
thinks  to  be  fo  many  fims,  were  made  to  give  light  to  the  earth,  and  were 
divided  to  all  the  nations  that  inhabit  it.  Perhaps  it  were  not  rafh  to 
add,  that  we  may  know  fome  of  God's  ends  in  things  corporeal, 
without  leffening  our  veneration  of  his  wifdom  5  as  we  know  fome  of 
them  in  other  matters,  of  which  the  fcripture  furnifhes  us  with  a  multi-n 
tude  of  inflances  ,•  as,  particular^  Job's  iacrificing  for  his  friends,  and 
the  declared  u&s  c^  the  Urim  and  Tmmmim  :  fince  God  may,  if  he  pleafes, 
declare  truths  to  men,  and  inftruft  diem  by  his  creatures  and  adtions, 
as  well  as  by  his  word.  And  thus  he  taught  Noab  by  a  rain-bow,  and/ 
Jonah  by  a  gourd  and  a  worm ;  and  regulated  the  encampents  of  the 
Jfraelites  bv  Uic  guidance  of  x  cloud,  and  a  fiery  pillar.  ^LafUy>  Des 
Cartes  objeas,  diat  thofe  he  diffents  from,  talk  asTif  they  lookM  upon  God 
as  a  proud  man,  who  defign'd  his  works  only  to  be  praifed  for  them ;  but 
I  blow  not  whether  he  herein  fpeaks  fb  cautioufly  and  reverently  of  God, 

as  he  ough^  and  elfewiiere  ufes  to  do.  For  as  humility^  tbo'  a  yijrtue  in  men^ 
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Physics,  is  extremely  remote  from  being  any  of  God's  perfeftions ;  fo  that  may  l>c 
^  ^  *  pride  in  a  man,  who  is  but  a  creature  imperfeft,  dependant,  and  having 
nothing  of  his  own,  which  wou*d  be  none  at  all  in  the  creator,  who  is  inca- 
pable of  vice,  and  who  may,  if  he  pleafes,  juftly  propofe  to  himlelf  ^hi$' 
own  glory  for  one  df  his  ends,  and  both  require  and  delight  to  be  praiSM 
by  men  for  his  works ;  fince  he  is  moft  worthy  of  all  praife,  which  it  is 
their  duty  and  reafonable  fervice  to  pay  him. 

*Tis  not  without  concern,  that  1  find  myfelf  obliged  thus  to  oppofe 
fome  fentiments  of  M.  Des  Cartes,  for  whom  I  have,  otherwife,  a  great 
efteem  ;  for  I  am  not  at  all  of  their  mind,  who  think  that  author  a  favourer 
of  atheifm,  which,  to  my  apprehenfion,  would  fubvert  the  very  foundation 
of  his  own  philofophy.  But,  judging  that  his  doftrine,  as  generally  under- 
ftood,  as  to  the  rejeftion  of  final  caufes  from  the  confideration  of  philofophers, 
tends  to  weaken  one  of  the  beft,  and  moft  fuccefsfiil  arguments  for  the 
being  of  a  God,  whom  they  ought  to  admire j  praife,  and  reverence ;  I  think 
it  my  duty  to  prefer  an  important  truth  berore  my  refpeft  to  any  man,- 
how  eminent  ioever,  who  oppofes  it;  and  to  confider  more  the  glory. of 
the  great  author  of  nature,  than  the  reputation  of  any  of  her  inter- 
preters. 

And  to  confirm  what  I  have  hitherto  delivered,  *tis  remarkable  that  the 
excellent  contrivance  of  the  great  fyftem  of  the  world ;  and  efj>ecially  the 
curious  fabric  of  animal  bodies,  with  the  ufes  of  their  feveral  lenfes  and 
parts,  have  been  the  great  motives,  which  in  all  ages  and  nations  induced 
philofophers  to  acknowledge  a  Deity ;  and  that  the  nobleft  and  moft  intel^ 
le£hial  praifes  have  been  paid  him  by  the  priefts  of  nature ;  as  proceding  from 
the  tranfcendent  admiration  rais'd  in  them  by  the  attentive  contemplation 
of  the  fabric  of  the  univerfe,  and  of  the  curious  ftruftures  of  living  crea- 
tures. And,  therefore,  it  feems  injurious  to  God,  as  well  as  unwarranta- 
ble in  itfelf,  to  banifh  from  natural  philofophy  the  confideration  of  final 
caufes  ;  from  which,  chiefly,  I  cannot  but  fuppofe  that  God  muft  reap  the 
honour  due  to  thofe  glorious  attributes,  his  wifdom  and  his  goodnefs. 
And,  I  confefs,  I  fomewhat  wonder,  that  the  Cartefiansy  who  have  gene- 
rally, and  fome  of  them  with  skill,  maintained  the  exiftence  of  a  Deity, 
(hould  endeavour  to  make  men  throw  away  an  argument,  which  the  ex- 
perience of  all  ages  fhews.to  have  been  the  moft  fuccefsful,  and  in  fome 
cafes  the  only  prevalent  one,  to  eftablifh,  among  philofophers,  the  belief  and 
veneration  of  God.  I  know  the  Cartejians  fay,  that  their  mafter  has  de- 
monftrated  the  exiftence  of  a  God,  by  the  innate  idea  men  have  of  a 
Being  infinitely  perfeft,  who  left  it  upon  the  human  mind,  as  the  mark  of 
an  artift  imprefsM  upon  his  work ;  and  that  they  alfo  afcribe  to  God  the 
creation  of  matter  out  of  nothing,  and  its  motion ;  which  fufficiently  argue 
the  immenfity  of  his  power.  But  tho'  I  would  by  no  means  weaken  the 
argument  drawn  from  the  innate  notion  of  God,  fince  many  learned  men 
have  acquiefced  in  it ;  yet  why  may  we  not  reafbnably  think,  that  God, 
who  has  taken  care  men  fhoula  acknowledge  him,  may  have  alfo  provided 
for  the  fccuring  a  truth  of  fo  great  confequence,  by  flamping  charafters,  or 

leaving 
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leaving  imprcffions  of  his  wifdom  and  gocdnefs,  as  well  externally  upon  Physics 
Ithe  world,  as  internally  upon  the  mind  ?    The  bare  contemplation  of  the  VX^Xi 
fabric  of  the  world,  without  confidering  any  part  of  it  as  deftinM  to  cer- 
tain ufes,  may  ftill  leave  men  unconvinced  that  there  is  any  intelligent, 
wife,  and  provident  author  and  difpofer  of  things ;  fince  we  fee,  the  Arijlo^ 
teliausy  notwithltanding  the  extent,  fymmetry,  and  beauty  of  the  world, 
generally  believed  it  to  have  been  eternal.     And  tho'  they  did  not  allow  it 
.  to  have  been  created  by  God,  yet  becaufe  they  aflerted  that  animals, 
plants,  &c,  aft  for  ends ;  they  were  obliged  to  acknowledge  a  provident 
and  powerful  Being,  that  maintained  and  governed  the  univerfe,  which 
they  caird  Nature ;  tho'  they  often  dangeroufly  miftook,  by  confounding 
this  Being  with  God  himfeli ;  and  at  other  times  fpeaking  of  it  as  co- 
ordinate with  him  i  as  in  that  famous  axiom  of  Ariftotle, "  6od  and  nature 
"  do  nothing  in  vain/'    I  acknowledge,  therefore,  that  as  I  fet  a  juft  value 
upon  the  Cartefian  proof  of  God^s  exiftence ;  fo  I  fee  no  reafon  why  we 
fhould  give  up  any  other  ftrong  argument,  that  proves  fo  noble  and  impor- 
tant a  truth  ;  efpecially  fince  the  Cartefian  way  of  confidering  the  world, 
tho*  very  proper,  indeed,  to  fhew  the  greatnefs  of  God's  power,  does  nor, 
like  the  way  I  plead  for,  manifeft  that  of  his  wifdom  and  beneficence.    For 
while  a  Cartefian  only  fliews,  that  God  is  admirably  wife,  upon  the  fuppo- 
fition  of  his  exiftence  ;  the  fame  thing  is  manifefled  in  our  method,  by  the 
effeft  of  a  wifdom  as  well  as  power,  that  cannot  reafonably  be  afcribed  to 
any  other  than  a  moft  intelligent  and  potent  Being  :  fo  that  by  this  means 
men  may,  at  once,  be  brought  to  acknowledge  God,  to  admire  him,  and 
to  praiie  him. 

S  E  c  T.  n. 

BEFORE  I  proceed  to  the  fecond  queftion ;  Whether  we  may  con-  yf^M)er  ^r 
fider  final  caufes  in  all  forts  of  bodies,  or  only  in  fuch  as  are  pecu-^jj^^V^ 
liarly  qualified  ?  I  muft  divide  natural  bodies  into  animate  and  inanimate.  J]^ ••'^^  ^JJ* 
The  former  term  1  here  take  in  the  larger  fenle,  to  comprehend  not  only  4^if 
animals,  but  vegetables;  tho* I  fliall  not  rejeft  the  opinion  of  thofe,  who 
are  unwilling  to  allow  plants  fuch  a  foul  or  life,  as  is  confeiTedly  granted, 
to  animals. 

Of  the  inanimate  bodies  of  the  univerfe,  the  nobleft,  and  thofe  which 
chiefly  deferve  to  beconfider'd  on  this  occafion,  are  the  fun,  planets,  cJTc.  For 
when  men  faw  thofe  vaft  luminous  globes,  and  e&ecially  the  fun,  to  move  fa 
conftantly  and  regularly  about  the  earth ;  difdmng  thereon  both  light  and 
heat,  ana  by  their  various  revolutions  to  produce  £y  and  night,  fummer  and 
winter,  and  the  viciffitudes  of  feafons ;  they  concluded,  that  thefe  motions . 
were  guided  by  feme  divine  Being,  and  defign'd  for  the  benefit  of  man. 
Whether  this  be  a  demonftrative  proof,  I  fliall  not  now  debate ;  but  furely 
it^ay  carry  thus  much  of  probability  with  it,  that  in  cafe  a  man  fhall 
think  the  fabric  of  the  celeftial  bodies  was  the  produftion  of  an  intelligent 
and  divine  agentj^  the  irregular  phenomena  will  not  cbntradidl  bim ;,  fince 

there 
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Physics,  there  is  nothing  in  that  fabric  unworthy  a  divine  author :  and  the  motions 
and  effefts  of  the  fun  and  ftars  may  well  allow  us  to  think,  that,  among 
other  purpofes,  they  were  made  to  illuminate  the  terreftrial  globe,  and 
bring  heat  and  other  benefits  to  the  inhabitants  of  it.    So  that  the  con- 
templation of  the  heavens,  which  fo  manifeftly  declare  the  glory  of  God, 
may  juftly  excite  men  both  to  admire  his  power  and  wifdom  m  them ;  and 
to  return  him  thanks  and  praifes  for  the  gieat  advantages  we  thence  re- 
cdve.    On  the  other  hand,  it  may  be  faid,  that  in  bodies  inanimate,  whe- 
ther  the  ponions  of  matter  they  confift  of,  be  greater  or  lefs  ;  the  contri- 
vance is  very  rarely  fo  exquifite,  but  that  the  various  motions  and  occur- 
fions  of  their  parts  may,  without  much  improbability,  be  fufpefted  capable, 
liter  many  efllays,  to  caft  one  another  into  feveral  of  thofe  circumvolutions 
call'd  by  Epicurus  avre^pif,  and  by  Des  Cartes,  Vortices ;  which  being  once 
tnade,  may  continue  a  long  time,  after  the  manner  explained  by  the  latter* 
Butallowmg  this  hypothecs  to  bepoffible;  when  I  confider  that  we  are 
not  yet  fufficiently  acquainted  with  the  true  fyftem  of  the  world,  nor 
ufually  fenfible  how  fmall  a  pan  the  terreftrial  globe  makes  of  the  uni- 
verfe ;  I  am  apt  to  fufpef^,  that  men  often  aflien  the  fyftematical  ends 
and  lifes  of  the  celeftial  bocUes  upon  flendcr  evidence ;  concluding  them 
made  and  moved  only  for  the  fervice  of  the  earth,  and  its  inhabitants. 
And  tho'  I  will  not  deny,  that  as  we  adtually  receive  benefits  by  the  efta- 
bliflied  order  and  motion  of  the  heavenly  bodies,  fo  one  of  the  feveral  ufes 
intended  by  the  author  of  nature,  may  particularly  regard  our  fpecies  ; 
yet  perhaps  'twill  not  be  eafy  to  prove,  tnat  fome  of  thole  bodies  and  mo- 
tions are  not  rather  intended  for  other  purpofes,  than  to  caft  their  beams, 
or  fhed  their  influences  upon  the  earth :  at  leaft,  it  feems  probable  to  me, 
that  the  fituations  of  the  celeftial  bodies  do  not  aflford,  by  far,  fo  clear  and 
cogent  arguments  of  the  wifdom  and  defign  of  the  author  of  the  world  *, 
as  do  the  bodies  of  animals  and  plants.    And  for  my  part,  I  think  I  fee 
.  more  of  admirable  contrivance  in  the  mufcles  of  a  human  body,  than  in 
what  we  yet 'know  of  the  aftronomical  world:  and  the  eye  of  a  fly,  as 
far  as  appears  to  us,  feems  to  be  a  more  curious  piece  ox  woikmanfhip, 
than  the  body  of  the  fun  itfelf. 


^  As  «  Qoble  inftaoce  of  wifdom  and 
defien  in  the  (ituation  of  the  planets,  take 
an  ooiervation  of  the  great  Sir  If.  Newton. 
**  Thofe  planets,  fays  ie^  have  the  great- 
**  er  dcnfity,  cdteris  paribus^  which  are 
••  placed  ncareft  the  mn.  Thus  Jupiter  \s 
**  more  denfe  than  Saturn^  and  the  earth 
^  more  denfe  than  Jttp-ter.  For  it  was 
*•  neceflary  to  place,  the  planets  at  difie- 
^*  rent  diftances  from  the  fun,  that  each 
•*  might  receive  a  greater  or  a  left  de- 
**  eree  of  his  heat,  according  to  its  den- 
•*  ntv.  If  our  earth  were  placed  in  the 
•*  orbit  of  Saturn,  the  water  of  it  would 
*Vbe  frozen  up;  and  if  in  the  orbit  of 


Mmufy^  *twotild  prefently  exhale  in 
vapour.  For  the  fun's  light,  to  which 
^^  his  heat  is  proponionabic,  is  fevcn 
**  times  more  denfe  in  the  orbit  of  Met- 
"  turf^  than  with  us  ;  and  I  have  found, 
"  by  the  thermometer,  that  water  will 
^*  boil  with  a  heat  feven  times  as  great 
"  as  that  of  the  fummer's  fun.  But  the 
"  matter  of  Mercury  is,  doubilefs,  fitted  for 
^^  heat;  and  therefore  muft  be  dcnfer 
"  than  that  of  our  earth  :  (ince  all  denfe 
"  matter  requires  a  greater  degree  of 
"  heat,  to  perform  the  operations  of 
"  turc;']    NtvftM^lncipn ^.  ii2. 

As 
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As  for  other  inanimate  bodies,  the  matter  whereof  feems  unorganiz'd,  Pnviirs. 
the' there  be  no  abfurdity  in  fuppofing  that  thefe  were  alfo  made  for  OOTV/ 
diftirift  and  partiailar  purpofes,  ir  not  alfo  for  human  ufes ;  yet  moft  cf 
them  are  of  luch  eafy  and  unelaborate  textures,  as  to  make  it  feem  poffi- 
ble,  that  various  occurfions  and  jufUings  of  the  parts  of  the  univerfal  mat- 
ter nught,  at  one  time  or  other,  have  produced  them  :  fince  we  fee,  that 
in  Ibme  chymical  fublimations  and  cryltallizations  of  mineral  and  metalline 
folutions,  and  other  phenomena,  where  the  motions  appear  not  to  be 
particularly  guided  anddireftedby  an  intelligent  caufe,  txxlies  of  as  va- 
rious textures  as  thofe  are  producible. 

If  it  be  faid,  that  fuppoiing  chance,  or  any  thing  elfe,  without  the  par- 
ticular guidance  of  a  wife  and  all-difpofing  caufe,  can  make  a  finely-fhaped 
ftone,  or  a  metalline  fubftance,  growing,  as  filver  fometimes  does,  in  the 
form  of  a  plant ;  ought  we  not  to  allow,  that  chance  may  alfo  make  ve- 
getables and  animals  ?  I  can  by  no  means  grant  the  conlequence.  For 
there  are  fbme  eflefts  Co  eafy,  and  readily  to  be  produced,  that  they  do 
not  infer  any  knowledge  or  intention  in  their  caufes ;  whilft  there  are  others 
that  require  fuch  a  number  and  conjunifHon  of  confpiring  caufes,  and 
fuch  a  continued  feries  of  motions  or  operations,  that  tis  utterly  impro- 
bable they  fhould  be  produced  without  the  fuperintendency  of  a  rational 
agent,  wife  and  powerful  enough  to  range  and  difpofe  the  feveral  inter- 
vening materials  and  inftniments,  in  a  manner  neceffary  to  produce  fuch 
a  remote  effeft :  it  will  not  therefore  follow,  that,  if  chance  could  produce 
a  flight  contexture  in  a  few  parts  of  matter,  we  may  fafely  conclude  it 
able  to  produce  fo  exquifite  and  admirable  a  contrivance,  as  that  of  the 
body  of  an  animal.  What  does  it  argue  then,  if  fometimes,  in  fawing 
pieces  of  variegated  marble,  we  happen  to  meet  with  the  delineations  or 
piftures  of  towns,  woods,  and  men  ?  For,  befides  that  the  delightfulnefs 
and  rarity  of  fuch  fpedlacles  inclines  the  imagination  to  favour  them,  and 
to  lupply  their  defefts ;  would  any  wife  man  conclude  firom  hence,  that  x 
real  town  or  wood,  much  lefs  numbers  of  men,  fliould  be  made  by  fuch  a 
fortuitous  concourle  of  matter  ?  What  comparifon  is  there  betwixt  the 
workmanftrip  that  feems  to  be  exprefs'd  in  a  few  irregiular  lines,  drawn 
upon  a  plane,  with  perhaps  two  or  three  colours  luckily  placed,  and  the 

freat  multitude  of  nerves,  veins,  arteries,  ligaments,  tendons,  membranes, 
ones,  glands,  &c.  required  to  compofe  a  human  body;  every  one  of 
the  numerous  parts  whereof,  muft  have  its  determinate  lize,  iigure,  con- 
fidence, fituation,  connexion,  &c.  and  many,  or  all  of  them  togctlier, 
confpire  to  exercife  and  perform  determinate  functions  andufcs?  And, 
indeed,  I  never  faw  any  inanimate  production  of  nature,  or,'  as  they 
fpcak,  of  chance,  whofe  contrivance  was  comparable  to  that  of  the  meaneft 
limb  of  the  moft  defpicable  animal ;  nay,  there  is  infinitely  more  art  ex- 
prefs'd  in  the  ftrufture  of  a  dog's  foot,  than  in  that  of  the  famous  clock 
at  Strasburg. 

And  tho*  the  paw  of  a  dog  be  far  inferior  in  its  ftrufture  to  the  hand  oi ^f  iefign^u  tu 
a  man,  yet  even  this  is  inconliderable,  if  compared  to  the  eye;-  the  feveralJ^''*^*^//.^ 
OL.  II.  Y  parts  £^rnvi{««iMj;^ 
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Phtsics.  parts  whereof^  how  numerous  fbever,  could  none  of  them  be  fpared  or 
alter'd,  unlefs  for  the  worie ;  as  may  appear  from  thofe  many  difeafes  ob-» 
ferv'd  in  that  fmall  admirable  organ :  for  each  of  thole  difeafes  confifb  in 
this,  that  the  humours,  or  other  parts  of  the  eve,  are  brought  to  a  fhite 
different  ftom  that  whereto  nature  had  defign'd  it.  ^Twould  be  tedious 
to  enumerate  the  feveral  diftempers  of  the  eye ;  wherefore  I  fliall  only 
mention  two  or  three  particulars,  wherein  one  would  fcarce  imagine  that 
a  fmall  recels  from  the  natural  ffante  could  bring  any  confiderable  or  fen- 
fible  inconvenience.  That  which  we  call  the  pupil,  is  not  a  fubfbmtial 
part  of  the  eye,  but  only  an  aperture  of  the  uvea ;  almofl  perpetually 
changing  its  bignefs,  according  to  the  diflferent  degrees  of  light  the  eye 
chances  to  be  expofed  ta  And  therefore,  it  ihould  feem,  that  whiift  this 
hole  remains  open,  it  performs  its  office,  by  giving  entrance  to  the  inci-^ 
dent  rays  of  bght.  And  yet  I  lately  faw  a  woman,  who,  after  a  fever, 
was  not  able  to  dilate  the  Pupilla  ot  her  eyes,  as  before ;  and  tho'  they 
were  but  verv  little  narrower  than  ordinary,  yet  (he  complain'd  (he  had 
diereby  almoft  loft  her  fight.  The  preternatural  conftriftion  of  the  pupil 
is  indeed  no  frequent  di&mper^  yet  phyfidans  have  eiven  it  a  place  among 
the  ftated  dixies  of  the  eye.  And^  on  the  other  (uie,  tho'  a  competent 
widcnefs  of  the  pupil  be  requifite  to  a  clear  and  diftin^*  vifion ;  yet  if  its 
dilatation  exceeds  the  due  limits,  there  is  thereby  produced  a  diftemper 
worfe  than  the  former ;  becaufe  it  often  almoft  totally  deprives  the  jpatient 
of  figlit.  It  may  feem  alfo  but  a  flight  circumftance,  that  the  tranlparent 
coats  of  the  eye  fhould  be  devoid  ofcolour ;  and  of  as  little  moment,  that 
the  cornea  fhould  be  very  fmooth,  pro^dded  it  remain  tranfparent :  yet 
when  either  of  thefe  circumftances  is  wanting,  the  fight  may  be  greatly  vi- 
tiated. Thus  we  fee,  that  in  the  yellow  jaundice,  the  adventitious 
colour  wherewith  the  eye  is  ting'd,  makes  the  patient  think  he  fees  many 
objefls  yellow,  which  are  of  a  contrary  colour.  And  I  know  a  gentleman, 
who  having  had  a  fmall  puftule  excit^  and  broken  upon  the  cornea,  tho' 
the  eye  has  long  been  cicatrized ;  yet  a  very  litde  inequality  or  depreffion, 
that  flill  remains  upon  the  furface  of  that  tranfparent  coat,  fo  affefts  him, 
that  when  he  comes  into  the  open  fields,  or  the  ftreets,  he  for  a  pretty 
while  thinks  he  fees  objedls  venr  glaring,  and  as  many  others  as  men 
ufually  do  flones  at  the  bottom  of^dear  water :  which  I  impute  to  the  want 
of  uniformity  in  the  refraftion  of  thofe  reflefted  rays  ot  light,  that  fall 
upon  the  unequal  furface  of  the  cornea.  To  give  a  further  proof,  that 
the  eye  was  made  with  defign,  I  fhall  here  take  notice  of  an  obfervation 
or  two,  that  do  not  occur  in  the  diffeftion  of  that  part,  and  are  therefore 
often  unobferv'd  by  anatomifls. 

I  have  found  in  frogs,  that,  befides  thofe  parts  of  the  eye  which  they 
have  in  common  with  men,  dogs,  cats,  and  moft  other  animals,  there  is 
a  peculiar  membrane  or  cartilage,  which  is  not  commonly  perceiv'd; 
wherewith  they  can  at  pleafure  cover  the  eye,  without  too  much 
hindl-ring  the  fight,  becaufe  the  membrane  is  both  tranfparent  and  flrong ; 
fo  that  it  may  pafs  for  a  kind  of  moveable  cornea^  or  occafional  fafe-guard 
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to  the  eye.  In  fumifliing  frogs  with  this  ftrong  membrane,  the  providence  Phtsics. 
of  nature  ieems  very  compicuous ;  for^  they  being  amphibious  creatures,  V  "^*^  " 
defignM  to  oafs  their  lives  in  watery  places,  which,  for  the  moft  part, 
abound  in  plants^  endow'd  with  Iharp  edges,  or  points  ;  and  the  pro- 
ereffive  motion  dF  tUs  ammal,  being  not  by  walking,  but  by  leaping,  if 
ms  eyes  were  iKit  provided  with  fuch  a  cale,  he  muft  either  fliut  them,  and 
fo  leap  blind-fold ;  or,  by  leaving  them  open,  muft  run  the  risk  of  having 
the  cornea  cut,  prickM,  or  otha:wife  ofitended  ;  whilft  this  Qiembrane,  as 
was  iaid,  is  hke  a  kind  of  fpe£bide,  diat  covers  the  eye,  without  taking 
away  the  fight :  and  as  foon  as  the  occafion  for  it  is  over,  the  anim^ 
withdraws  it  into  a  little  cell,  where  it  refts  till  its  ufe  be  again  re- 
quired. Tins  membrane  becomes  vifible,  by  applying  the  point  of  a  pin, 
or  any  fuch  fliarp  thing,  to  the  eye  of  a  frog,  whilft  his  head  is  held 
fteady  ;  for  to  fcreen  his  eye,  he  will  prefently  cover  it  therewith,  and  af- 
terwards withdraw  it,  upon  a  removal  of  the  flifpe^led  danger.  And 
becaufe  many  birds  are  deftinM  to  flv  amon^  the  branches  of  trees,  and 
buihes;  left,  by  this  means,  the  prickles,  twigs,  leaves,  dTc.  ftiould  wound 
or  oBknd  their  eyes,  nature  hath  alfo  given  them  fuch  another  kind  of 
homy  membrane,  as  we  find  in  frogs. 

'Tis  known  tluit  men,  and  moft  four-footed  beafts,  and  birds,  have  le- 
veral  mufdes  belonging  to  their  eyes,  by  the  help  of  which,  they  can  turn 
them  any  way ;  ana  fo  obvert  the  or^n  of  fenle  to  the  objeft  But  na- 
ture, not  having  ^ven  that  m<J)iUty  to  the  eyes  of  flies,  (he,  in  recompence, 
furnilhes  them  with  a  multitude  of  little  protuberant  parts,  findy  rang'd 
upon  the  convex  of  their  large  bulging  eyes :  fo  that  bv  means  of  theie  nume- 
rous little  ftuds,  numberlefs  rays  of  light  are  reflededfirom  obje£b  placed  on 
cither  hand,  above,  or  beneath  the  level  of  the  tyt,  and  conveniently  fall 
upon  that  organ,  to  render  the  obje£ls  they  come  from,  vifible  to  the  ani- 
mal ;  and  by  the  help  of  a  good  microfcope,  and  a  clear  light,  fome  hun- 
dreds of  thefe  little  round  protuberances  may  be  diicover'd,  curioufly 
ra^'d,  on  the  convexity  of  a  fingle  eye  of  an  ordinary  flefh-fly. 

But  fome  may  here  pretend,  that  all  organs  of  fight  ought  to  be  con- 
formed tothofe  of  men;  thefe  being  the  beft,  and  moft  perfeft.  And, 
indeed,  man  bdng  juftly  reputed  the  moft  perfedt  of  animals,  it  is  not 
ftrange  he  ihould  prefume,  that  his  eyes,  and  other  pans  of  his  body,  are 
the  beft  contrived  of  any  to  be  found  in  nature ;  yet  we  cannot,  from  hence, 
&fcly  condude,  that  all  eyes,  which,  in  other  animals,  are  of  different  ftru- 
£hires  from  thofe  of  man,  fhould,  for  that  reafon,  be  defefti ve.  For, 
firft,  the  admirable  wifdom  difplay'd  by  the  author  of  nature,  in  fitting  the 
eyes,  and  other  organical  parts  of  animals,  to  their  feveral  ufes,  and  the 
rei^^eftivc  fiinftions  we  fee  them  exercife,  may  juftly  perfuade  us,  that  the 
things  whofe  reafons  and  ufes  we  do  not  alike  dilcem,  are,  neverthelefs, 
moft  wifely  conftituted :  God  having  too  much  knowledge  to  do  any  thing 
unskilfully ;  and  we  having  to  much  prefumption,  if  we  luppofe  he  had  no 
mHc  m  miming  his  creatures  beyond  the  reach  of  our  difcovety.  And, 
ly,  die  eye  is  not  to  be  conuderM  abftra^tedly,  as  an  inftrument  of 

y  2  \\fiatk.\ 


-♦■t;!!* 


xd4  ^f*^  V^^!^^  rf  Natural  ^hm^r. 

Phtsics.  vifion;  but  as  an  inftrument  belonging  to  an  animal,  that  is  to  make  ufis 
of  it  in  particular  circumftahces.  And,  therefore,  it  ought  highly  to  re- 
commend the  wifdom  and  providence. of  the  great  author  of  things,  that 
he  has  furnilh'd  various  fpccies  of  animals,  with  organs  of  fight,  very 
differently  framed  and  placed  ;  fince  this  diverfity  nobly  manifefts  his 
great  providence  and  knowledge,  in  having  fo  admirably  fuited  the  eyes 
of  all  animals,  both  to  the  reft  of  their  bodies,  and  to  thofe  parts  of  the 
great  theatre  of  the  world,  on  which  he  defign'd  they  fhall  live  and  aft. 
Thus,  tho*  feveral  beafts,  as  horfes,  oxen,  &c.  have  their  eyes  furnifli'd 
with  a  leventh  mufcle,  befides  the  fix  they  (hare  in  common  with  men  ;  we 
muft  not  conclude,  that  either  the  organs  of  vifion  are  imperfeft  in  men, 
or  that  thofe  of  thefe  beafts  have  fbmething  fuperfluous  :  for  tliey  being  to 
feed,  for  the  moft  part,  on  the  grafs  of  the  field  ^  and  that  they  may  the 
better  chufe  their  food,  being  obliged  to  turn  their  eyes,  for  a  long  time 
together,  downwards ;  the  feventh  mufcle  excellently  lenses  them  for  that 
purpofe,  by  enabling  them  to  continue  unwearied  by  fuch  a  pofture  ; 
whilft  man,  who  has  no  fuch  neceffity  of  looking  afliduoufly  downwards, 
would  be  only  incumbered  by  a  feventh  mufcle. 

On  the  other  hand,  the  deficiency  oblervable  in  the  eyes  of  fome  ani- 
mals, compared  to  thofe  of  man,  may  be  afcribed  to  the  juft  contrivance 
of  nature,  that,  on  moft  occafions,  declines  doing  what  is  unneceifary  to 
the  particular  ends  fhe  aims  at  in  the  fabric  of  a  part.  Thus  moles,  be- 
ing deftinM  to  !live,  for  the  moft  part,  under  ground,  have  their  eyes 
fofittle^  in  proportion  to  their  bodies,  that  'tis  commonly  believ'd  they 
have  none  at  all ;  but,  tho'  I  have  found  the  contrary,  yet  their  eyes  are 
very  diflferent  from  thofe  of  other  four-footed  beafts  ;  which  need  not  be 
•wonderM  at,  confidering  that  nature  defignM  thefe  creatures  to  live  under 
ground,  where  fight  is  of  no  ufe  ,•  and  where  large  eyes  would  be  more 
exposed  to  danger :  befides,  their  fight,  as  dim  as  it  is,  ferves  them  to  per- 
ceive when  they  are  no  longer  under-^roiuid  ,•  which  feems  to  be  the  moft 
ncceflary  intelligence  they  want  from  their  eyes. 

Tis  obferved,  that  the  organs  of  vifion  in  a  camelion,  are  of  a  very 
uncommon  ftruftme  ;  fince,  to  omit  other  confiderable  peculiarities,  his 
eyes  often  move  independently  on  each  other ;  fo  that,  for  inftance,  he 
can  look  direftly  forward  with  the  right  eye,  and,  at  the  fame  time, 
direftly  backward,  towards  his  tail,  with  the  left  ;  or  may  turn  the  pu- 
pil of  the  former  flxait  upwards,  whilft  the  other  is  turn'd  direftly  down- 
wards. This  peculiar  power  feems  to  have  been  granted  him  by  provi- 
dence, that  as  he  is  a  very  low  animal,  and  deftin'd  to  live,  for  the  moft 
part,  in  trees  and  buflies,  and  there  to  feed  chiefly  on  flies  ;  he  may  per- 
ceive them,  which  way  foever  they  chance  to  come,  within  the  reach  of  his 
tongue,  which,  being  of  a  great  length,  he  fiiddenly  darts  out,  and  there- 
with catches  his  prey. 

Many  filh  have  the  cryftalline  humour  of  their  eyes  almoft  fpherical ; 
and,  confequently,  much  rounder  than  it  is  found  in  man,  and  other  ter- 
icftrial  animals.  And  this  difference  of  figure,  tho'  it  would  be  inconvenient 
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for  us,  is  very  well  accommodated  to  them  ,•  fince  they,  living  in  die  wa-   Physics. 
ter,.  which,  as  a  thicker  medium,  much  more  refrafts  the  rays  of  light  than  ' 
the  air,,  thro*  which  they  oafs  to  our  eyes ;  'twas  fit  their  cryftalline  hu- 
mour fliould  be  of  that  ngure,  to  refraft  the  rays  already  refrafted  by 
the  water,  and  thereby  make  them  converge,  fo  as  to  paint  the  images  of 
objefts  at  the  bottom  of  the  eye. 

Should  a  perfon  of  curiofity  furvey  and  confider  the  various  ftrufturesr 
of  the  organs  of  vifion,  in  difterent  animals,  and  compare  them  with  the 
other  parts  of  the  reftedlive  animal ;  the  fcenc  he  is  defign'd  to  aft  on,. 
and  the  ufcs  each  of  them  is  to  make  of  his  eyes,  in  the  moft  ordinary  cir- 
cumftances;  he  might,  doubtlefs,  oflfer  a  probable  reafon  of  the  diffe- 
rences in  thofe  organs,  which,  to  a  common  obferver,  would  feem  to  be 
errors,  or  defefts  in  nature.    Thus,  tho*  the  pupil  of  the  eye  be  oblong  in 
horfes,  oxen,  and  fome  other  quadrupeds,  as  well  as  in  cats ;  yet,  in  the 
former  kinds  of  animals,  it  lies  tranfverfly  from  the  right  fide  of  the 
eye  to  the  left,  whilft,  in  cats,  its  fituation  is  perpendicular  :  for  horfes 
and  oxen,  being  ufually  obliged  to  find  their  food  on  the  ground,  they  the* 
more  conveniently  receive  the  images  of  the  grafs,  &c.  in  a  horizontal  view,, 
by  having  their  Pufitta  tranfverfly  placed  ^  whilft  cats,,  being  to  live  chiefly* 
on  rats  and  mice,  which  are  animals  that  ufually  climb,  and  run  upon 
fleep  places;  the  moft  commodious  fituation  of  their  pupil,  for  difcovering 
and  purfuing  thefe  objefts,  is  the  perpendicular.    But,  to  proceed  :  the 
Afferent  ftruftures,  and  fituations  of  the  eye,  in  different  animals,  wonder- 
fully fliewa  great  variety  in  the  skill  of  the  divine  author. .  And,  indeed,  if  I 
might  prefume  to  guefs  at  any  of  God's  ends,  that  are  not  manifeft  i  1* 
fliouId  think  that  the  delightful  variety,  we  may  obferve,  not  only  in  animals, 
tfiemfelves,  confider'd  as  entire  fyftems  ;  but  in  thofe  parts  of  them  which, 
appear  deftin'd  for  the  iame  function.;  as  particularly,  that  the  organ  of 
vifion  was  defign'd,  at  leaft,among  other  ends,  to  difplay  the  great  creator's, 
manifold  wifclom;  and  to  fliew,  that  his  skill  is  not  confined  either  to  one 
fort  of  living  engines,  or  in  their  parts  of  the  fame  kind,  to  the  fame  con- 
trivance ;  but  is  able  to  make  a  multitude  of  furprizing  organs,  all  of 
them  ciurious,  and  exquifite  in  their  kjnd,  with  regard  to  their  different; 
ufes. 

To  be  able  to  frame  clocks  and  watches,  (hips,. mills,  &c.  manifefts  a  far. 
greater  skill  in  an  artificer,  than  the  power  ot  making  but  one  of  thofe  en- 

flnes,  how  perfeftly  fbever  he  contrived  it.    And  the  fame  fuperiority  of 
nowledge  would  be  difplay'd,  by  contriving  engines  of  the  fame  kind,  or. 
for  the  lame  purpofes,  after  very  different  manners. 

Thus  weights  are  of  great  ufeand  neceffity  in  the  famousxlock  o£  Strafe 
burg;  and  therefore  it  recommends  the  contrivers  of  watches,  that  they  give, 
them  a  very  Httle  and  portable  bulk,  which  is  wanting  in  the  Stradfurg 
machine  ;  and  ftill  more,  that  they  can  make  a  clock  without  weights, 
and  fubftitute  a  fpring  to  perform  their  office. 

And  thus  tho'  it  feems  abfolutely  neceflary,that  an  animal  fhould  be  furnifh'd 
with  feathers,  in  order  to  fly  j  yet  the  wife  creator  bath  fhewn,  that  he  i% 
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Physics,  not  confined  to  apply  them  for  that  purpofe  ;  fince  a  flying-fifh  is  able  to 
\.^y\J  move  a  great  way  in  the  air.  And  the  Indies  have  lately  afibrded  a  fort 
of  flyine  fquirrels^  one  whereof  I  faw,  alive,  at  JiOjitehaU.  And  tho*  the 
flight  of  theie  is  fmall,  yet  there  is  another  kind  of  animal,  without  fea- 
thers,  that  long  continues  upon  the  wing,  and  that  is  the  bat ;  fome  whereof 
I  have  feen  but  little  lefs  than  hens :  and  was  alTurM,  by  a  credible  eye- 
witnefs,  that,  in  the  kingdom  of  Gckonda,  he  had  feen  much  bigger. 

This  confideration  is  alone  fufficient  to  juftify  the  wifdom  of  the  cre- 
ator ;  who,  being  a  moft  free,  as  well  as  a  moft  wife  agent,  men  ought 
not  to  find  fault,  if  he  think  fit  to  recommend  his  wifdom,  by  difplaying 
it  in  very  different  manners :  tho'  there  are  many  cafes  wherein  the  lets 
perfeA  fabric,  or  fituation,  of  an  eye,  or  other  organical  part,  may  be  more 
convenient  than  the  correspondent  organ  of  man,  to  obtain  the  ends  fer 
which  it  was  given  to  an  animal  dcfign'd  to  aft  upon  its  refpeftive  ftage, 
and  live  by  its  peculiar  provifion.  Befides,  an  organical  part  may,  in 
fbme  animals,  be  intended  for  more  ufes  than  in  others ;  and,  therefore, 
require  a  different  ftrufture :  a^,  in  moles,  the  feet  are  differently  framed, 
or  fituated,  from  thofe  of  other  quadrupeds ;  becaufe  the  duet  ufe  they 
are  to  mal^  of  them,  is  not  to  walk  upon  the  ground,  but  to  dig  them- 
felves  ways  under  it ;  provident  nature  wifely  fiiiting  the  fabric  of  the 
parts  to  die  ufes  wherein  they  were  to  be  employed :  as,  a  mechanic  em- 

Eloys  one  contrivance  of  his  wheels,  pinions,  &c.  when  he  makes  a  mill  to 
e  driven  by  water  ;  and  another,  when  it  is  to  be  mov'd  by  the  wind. 
The  cameUon  has  a  ton^e,  both  peculiarly  ihaped,  and  of  a  length  dif- 
proporrionate  to  that  ofhis  body ;  becaufe,  as  we  before  obferved,  he  is 
to  take  his  prey,  which  are  flies,  by  (hooting  out  that  inftrument ;  and 
could  not  often,  othcrwife,  approach  very  near  them,  without  frighting 
them  away.    And,  in  many  cafes,  where  this  refleftion  does  not  (o  pro- 
perly take  place,  we  may  obferve,  there  is  a  wonderful  compenfation 
made  for  that  which  ieems  a  defeft  in  the  parts  of  an  animal,  of  a  par- 
ticular fpecies,  compared  with  the  correfpondent  ones  of  an  animal  of 
fome  other  fpecies.    Thus  birds,  which  want  teeth  to  chew  their  food, 
are  not  only  fumifli'd  with  hard  bills  to  break  it ;  and,  birds  of  prey, 
with  crooked  ones  to  tear  it ;  but,  which  is  more  confiderable,  have  crops 
to  prepare  and  fbften  it,  and  very  ftrong  mufcular  ftonoachs,  to  digcft  and 
grind  it :  in  which  work,  they  are  ufually  alfifted  by  gravel,  and  little 
ttones,  that  they  are  led,  by  inftinft,  to  fwallow ;  great  quantities  whereof 
are  often  found  in  their  flomachs. 
^^Sti^     And  let  it  be  here  obferv'd,  that  chance  is  really  no  natural  caufe,  or 
CIIM7  JktPg'    agent,  but  a  creature  of  man's  own  making.    For  the  things  that  are 
done  in  the  corporeal  world,  are  really  done  by  the  parts  of  the  univerfal 
matter,  afting  and  fuffering  according  to  the  laws  of  motion,  eftablifhed 
by  the  author  of  nature.    But  we  men,  looking  upon  fome  of  thefe  parts 
as  direfted  in  their  motions  by  God,  or  nature,  and  as  difpofed  to  the 
attainment  of  ceruin  ends ;  if,  by  the  intervention  of  other  caufes,  that 
we  arc  not  aware  of,  an  cflfi^  be  produced,  very  dififerent  from  that  which 
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we  fuppofed  was  intended;  we  fay  that  eflfedl  was  produceid'i>y  chance :    Physics. 

fo  that  chance  is  indeed  but  a  notion  of  oors^  and  fignifies  no  more  than 

that  in  our  apprehenfions  the  phyfical  caufes  of  an  e£feA  did  not  tend  to 

the  produdtion  of  what  they  mive^  neverthelefs,  produced.    And  there* 

fere  I  wonder,  that  the  philofbphers  who  pTccedcd  Arifiotle,  never  treated 

of  chance  among  natural  caufes. 

And  as  ibme  ftones,  of  the  nioft  curious  fliapes,  have  embolden'd  many 
favourers  oi  Eficurus  to  iet  them  in  competition  with  thofe  animals,  or 
parts  of  animals,  from  their  likenefs  whereto  they  have  received  their 
names ;  we  ought  to  confider,  that  feveral  learned  men  have,  of  late, 
made  it  very  probable,  that  thefe  ftones  were  once  really  the  animals,  or 
thofe  parts  ox  them  which  they  refemble,  and  were  afterwards  turned 
into  ftones  by  the  fupervention  of  fome  petrefcent  matter,  or  petri^ing. 
caufe.  And,  allowing  fbme  of  thefe  forts  of  ftones  to  be  the  produ^ion 
of  tl^  mineral  kingdom  ;  yet  it  would  not  clearly  follow,  that  they  owe 
dieir  Ihapes  to  chance,  unce  'tis  no  abfurdity  to  admit  feminal  prin- 
ciples in  tne  more  elaborate  forts  of  foffils.  However,  I  think  it  very  in- 
jurious to  make  thefe  productions  rival  the  animals  to  which  they  are 
compared.  For  the  ihape,  in  which  alone  they  and  the  animals  agree,  be- 
ing an  esctemal  thin^,  is  not  worthy  to  be  mention^,  in  comparifon  of 
that  wherein  they  di^r ;  the  rude  and  flight  texture  of  the  befl  fliaped 
ftone  being  immenfely  inferior  to  the  internal  contrivance  of  an  animal ; 
wluch  muft  confift  of  a  multitude  of  parts  of  a  determined  figure,  bulk,, 
fituarion,  &c.  as  is  obvious  to  thofe  who  have  feen  directions  skilfully  made. 
And  'tis  not  only  in  the  firm  and  quiefcent  parts  that  this  great  internal  dif- 
ference between  ftones,  and  the  animals  they  refemble,  is  to  be  found :  there 
appears  a  far  greater  difference  between  a  living  animal,  and  a  ftone, 
than  any  the  anatomical  knife  can  (hew  us  betwixt  a  dead  one,  and  a  ftone,. 
tho'  ever  fb  curioufly  figured.  For  there  are  numberlefs  liquors,  fpirits, 
digeftions,  fecretions,  coagulations,  motions  of  the  whole  body,  of  the 
limbs  and  other  parts,  which  are  lodged  and  performed  in  a  living  body,. 
and  are,  perhaps,  more  admirable  than  the  ftrudture  of  the  folid  and 
quiefcent  parts  themfelves  :  fb  that,  tho'  a  ftone,  in  external  appearance- 
very  like  a  fhell-fifli,  were  made  by  chance ;  yet  from  thence  to  conclude, 
that  chance  may  make  a  livmg  fliell-fifh,  would  be  to  axgue  worfe  than 
he  who  (hould  pretend,  that  t^aufe  an  unskilful  fmith  may  make  a  hollow 
piece  of  metal  like  a  watch-cafe,  and  fill  it  with  fome  rude  ftuff,  he  muft, 
therefore,  be  able  to  make  a  watch ;  for  there  is  lefs  difference  l>etwixt  the 
skill  exprefTed  in  making  the  cafe  of  a  watch  and  the  movement,  than  in^ 
making  a  body  like  a  ihell,  and  the  internal  parts  of  a  real  fifh :  or, 
that  becaufe  putrefieidtion  and  winds  have  fometinies  made-  trees  hollow, 
and  blown  them  into  the  water,  where  they  fwim  like  boats  ^  therefore' 
the  like  caufes  may  make  a  regular  galley,  according  to  the  laws  of  ttaval 
architecture,  man  it,  fteer  it,  excite  and  guide  all  its  motions  to  the  beft 
advantage,  for  the  prefervation,  tttd  various  ufes  of  the  veflel.  In  fliort, 
if  chance  fometimes  does  ftrange  things,  ^tis  in  regard  to  what  fiie  herfelf, 
HOC  to  what  nature  ufes  to  penprnu  And 
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?HYsics.       And  now,  to  give  my  thoughts  upon  the  fecond  queftion.    i.  I  think 
^k/V^^  he  naturalift  may  draw  arguments  from  the  ends  and  ufes  of  the  parts  -of 
livinp;  bodies,  provided  he  proceeds  herein  with  due  caution.     2.    Tis  my 
opimon,  that  the  inanimate  bodies  here  below,  proceeding  not  from  fe- 
rminal  principles,  have  but  a  more  flight  texture ;  fuch  as  earths,  liquors^ 
flints,  pebbles ;  and  will  not  fuflticiently  warrant  reafonings  drawn  from 
their  Tuppofed  ends.    3 .  It  feems  to  me,  that  the  celeftial  bodies  abun- 
dantly declare  God^s  power  and  greatnefs,  by  the  immenfity  of  their 
bulk,  and,  if  the  earth  fland  ftill,  the  celerity  of  their  motions,-  and  alfo 
argue  his  wifdom,  and  general  providence,  with  regard  to  them :  becauie 
he  has,  for  fo  many  ages,  kept  fuch  a  variety  of  vaft  vortices,  or  other 
maffes  of  matter  in  motions  immenfely  rapid,  without  permitting  them  to 
defliroy  one  another,  or  lofe  their  r^ularity.    And  I  fee  no  ablurdity  in 
fuppofing  that,  among  other  ufes  otthe  fun,  and  of  the  ftars,  the  fer^ce 
•of  man  might  be  intended;  tho'  I  doubt  whether,  from  the  bare  contem- 
plation of  the  heavens,  and  their  motions,  it  can  be  cogently  inferred, 
-that  the  chief  end  of  them  all,  is  to  enlighten  the  earth,  and  bring  benefits 
•to  the  creatures  that  live  upon  it. 
KimMm  td-      Hitherto  I  fuppofe  the  naturalift  to  difcoiurfe  merely  upon  phyfical 
^MM  ji^f^  grounds ;  but  if  revelation  be  admitted,  we  may  rgtionaUy  believe  more, 
•f^tf«ifrf,.andfpeak  lefs  doubtfully  of  the  ends  of  God,  than  bare  philofophy  will 
tba^tth-       warrant  us  to  do.    For  11  God  is  pleas  d  to  declare  any  thmg  to  us  con- 
cerning his  intentions  in  the  making  of  his  creatures,  we  ought  to  believe 
it,  tho'  the  confideration  of  the  things  themfelves  did  not  give  us  the  leaft 
•fulpicion  of  it ;  which  yet,  in  our  cafe,  they  do.    The  fcriptures  exprefly 
teach  us,  that  "  God  made  the  two  great  luminaries,  the  greater  to  rule 
^*  the  day,  and  the  lefler  to  rule  the  night  /*  that  "  he  made  the  ftars  al- 
*'  fo,  and  fet  them  in  the  firmament,  or  expanfum  of  heaven,  to  give 
**  light  upon  the  earth/*     And  thefe  are  reckoned  among  the  ufes  of  thefe 
luminaries :  "  to  divide  the  day  from  the  night ;  and  to  be  for  figns,  and 
"  for  feafons,  and  for  days  and  years.'*    And  Mofes,  diffuading  the  Ifraelites 
from  worlhippingthe  fun,  the  moon,  and  the  ftars,  fays,  that  "  the  Lord 
**  had  imparted  them  unto  all  nations  under  the  heaven.*'     And  there- 
fore thofe  Carte/tans,  who  admit  the  authority  of  holy  fcripture,  fhould 
not  rejeft  the  confideration  of  fuch  final  caufes  as  revelation  difcovers  to 
^s ;  fince  *tis  certainly  no  prefumption  to  think  we  know  God's  ends, 
when  he  himfelf  acquaints  us  with  them :  nor  to  believe  that  the  fun, 
•tho*,  generally,  efteem'd  a  nobler  body  than  the  teiTeftrial  globe,  was 
made,  among  other  purpofes,  to  enlighten  it.     Tis  recorded,  in  the  book 
of  Genefis,  that  God  s  defign  in  making  man,  was,  that  he  (hould  "  fub- 
"  due  the  earth,  and  have  dominion  over  the  filh  of  the  fea,  and  over  the 
"  fowl  of  the  air,  and  over  the  cattle,  and  over  all  the  earth,  and  over 
"' every  Jiving  riling  that  moveth  upon  the  earth.**     And  the  fame  book 
informs  us,  that,  after  the  deluge,  God  "  deliver*d  all  terreftrial  beafts, 
"  and  fowl,  and  fifh,  and  every  movin|pihing  that  lives,**  into  the  hands 
of  men,  and  intended  that  they  ihould  eat  animals ;  as,  before  the  flood,  he 
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liad  appointed  them  all  the  forts  of  wholefom  vegetables  for  their  food.  Physics, 
Andy  unce  God  was  pleafed  to  appoint,  that  men  (hould  live  on  thefe ' 
creatures;  it  cannot  be  abfurd  to  fay,  that,  among  other  purpofes  to 
wluch  he  deftin'd  the  fun,  his  fliining  upon  the  earth  was  one,-  fince, 
without  his  light  and  heat,  men  could  not  provide  for  themfelves ;  and 
neither  thofe  plants,  that  men  and  cattle  muft  feed  upon,  could  grow  and 
jipen ;  nor,  confequently,  thofe  animals  that  were  to  be  their  principal 
food,  and  fervc  them  for  other  ufes,  could  be  fuftain'd,  and  provided  tor. 
Many  other  texts  might  be  here  alledged  to  the  £ame  purpofe ;  but  I  fliall 
content  myfelf  to  mention  that  of  the  royal  prophet,  when,  fpeaking  of 
man  to  his  maker,  he  fays,  **  Thou  haft  made  him  a  little  lower  than  the 
**  angels,  and  haft  crown'd  him  with  glory  and  honour.  Thou  madeft  him 
"^^  to  have  dominion  over  the  works  of  thine  hands,  and  haft  put  all  things 
"  under  his  feet.'* 

Indeed,  if  we  con/ider  only  that  vifible  part  in  man,  his  body ;  the 
fmallnefs  thereof  may  make  it  feem  improbable,  that  portions  of  the 
imiverfe,  incomparably  greater  than  he,  mould  be  intended  for  his  fer- 
vice.  But  chriftians  will  not  think  this  incredible,  if  they  confider  man, 
as  he  chiefly  confifts  of  a  rational  mind  ;  which  proceeds  immediately  from 
Cod,  and  is  capable  of  knowing  him,  loving  him,  and  being  eternally 
happy  with  him.  They  who  defpife  man,  confider'd  in  this  capacity, 
very  little  know  the  worth  of  a  rational  foul.  But  God,  who  is  the  beft 
judge  in  this  cafe,  was  pleased  to  confider  men  fo  much,  that  it  gave  David 
caufe  to  admire,  as  we  juft  now  faw ;  and  not  only  to  form  them  in  his 
image,  at  their  firft  creation ;  but,  when  they  had  wilfully  loft,  and  for- 
feited it,  he  vouchfaled  to  redeem  them  by  the  fufferings  and  death  of  his 
own  fon,  who  is  incomparably  more  excellent  than  the  whole  world. 
And  'tis  not  incredible,  that  Grod  ffiould  have  intended  many  of  his  other 
works  to  be  ferviceable  to  man ;  fince,  by  miraculous  operations,  he  hath, 
fometimes,  fufpended  the  laws  of  nature  ;  and,  fometimes,  over-ruled 
them  for  Ws  £ake  :  as  appears  by  the  flood,  by  the  paflage  of  the  Ifraelites 
thro'  the  red-fea,  and  the  river  of  Jordan ;  by  the  ftanding-ftill  of  the 
fun  and  moon,  at  Jofiuah^s  command ;  by  the  inefficacy  of^the  burning 
fiery-fiimace  on  DanieFs  three  companions,*  and,  in  ihort,  by  the  ftu- 
pendous  eclipfe  of  the  fun,  at  the  crucifixion  of  the  Meflias. 

And  we  mall  the  lefs  fcruple  to  admit,  that  fuch  vaft  bodies,  as  the 
fun  and  moon  may  tend  toferve  mankind,  if  we  confider,  'tis  far  from  be- 
ing a  conftant  rule,  that  a  thing  more  excellent  cannot  be  employed  for 
the  good  of  a  lefs  excellent.  Thus  an  angel  was  fent  to  relieve  Hagar  in 
the  wildemefs ;  another  had  regard  to  the  life  of  a  prophet's  afs  j  and 
many  more  were  employed  on  earth,  in  doing  good  ofiices  to  particular 
perfons:  and,  of  all  the  angels  in  general,  the  epiftle  to  the  jH^^iux  in- 
forms us,  that  **  they  are  miniftring  foirits,  fent  forth  to  mimftcr  unto 
"  them  who  ihall  be  heirs  of  falvation.' 

Vol.  IL  Z  SECT. 


lyo  E»al  Caujes  nf  I^aturfll  Things^^ 

Physics. 

SECT.    III. 


Xvn  inMmimate  T)  RcparatoTy  to  the  difcuflion  of  the  third  queftion.      Whether,  and  iix 
r'tUT^^^  Xr   "  what  fenfe,  the  afting  for  ends  may  be  afcribed  to  an  unintelligent^ 
iib$ktyar€M0'Sind  inanimate  body?"  it  will  be  neceflary  to  clear  the  grand  difficulty 
sfumud.      ^^^  ^^^  before,  and  ever  fince  the  time  or  Ariftotle^  perplexed  thofe  who 
allow  the  confideration  of  final  cauies  in  natural  philolbphy.    This  diffi- 
culty is  obvious  enough ;  for  much  the  greater  part  of  bodies  being  fenfe- 
lefs,  and,  moft  of  them,  lifelefs  too ;  it  feems  inconceivable  how  they 
ihould  conftantly  a£t  for  ends  they  are  not  capable  of  pre-diefigning,  am^ 
appofitely  employ  means  they  have  no  knowledge  to  ma|ce  choice  of. 

jiriftotUy  who  exprefly  teaches,  that  nature  does  nothing  in  vain ;  and, 
rightly  judged,  that  the  aftions  of  natural  agents  had  a  tendency  to  cer-* 
tain  ends ;  takes  no  notice  of  this  difficulty,  but  feems  ratlier  to  ihift  it 
oflf  than  refolve  it. 

But,  to  confider  the  difficulty  itfelf,  there  are  two  accounts  on  which 
the  a^ons  of  natural  agents  may  be  faid  to  tend  to  a  certain  end ;  as, 
either  when  the  agent  has  a  knowledge  of  that  end,  and  a£ts  with  an  in^ 
tention  to  obtain  it ;  or,  when  the  adtion  of  the  proximate  agent  is  cU- 
tefled  as  it  ought,  to  obtain  an  end,  which,  yet,  is  neither  known,  nor 
intended,  by  tMt  proximate  agent ;  but  by  a  remoter,  that  is  intelligent. 
In  the  former  or  thefe  fenfes,  I  cannot  admit,  that  any  inanimate  body 
a£ts  for  ends ;  fince  that  pre-fuppofes  the  agent  both  to  know  the  end  he- 
is  to  obtain,  and  to  purpofe  to  obtain  it :  things  whereof  inanimate  bo-^ 
dies  are  incapable.  And,  to  fancy  with  fome,  that  they  may  have  a  know- 
ledge, fui  generis,  as  they  fpeak  ;  which,  tho'  confined  to  the  aftions  pro- 
per to  a  particular  kind  of  body,  fhall  yet  fuffice  to  determine  them  to  thofe 
adlions,  is,  to  offend  againft  that  rational,  and  received  rule  in  philofophy, 
that  Beings  are  not  to  be  multiply M,  without  there  appears  a  neceflity  for 
them ;  and  to  introduce  a  fort  of  knowledge  that  feems  unintelligible. 

It  remains,  then,  that  I  embrace  the  fecond  fenfe,  in  which  'twas 
formerly  faid,  natural  things  may  work  for  an  end ;  the',  in  this  cafe 
too,  we  mult  fpeak  fomewhat  improperly :  for  the  aftion  may  more  fuft- 
ly  be  attributed  to  the  remote  intelligent,  than  to  the  immediate  agent, 
which  is  but,  as  it  were,  the  inflrument  of  the  other.  Now,  it  appears 
to  me,  that  the  moft  wife,  and  powerful  author  of  nature,  whofe  piercing 
fight  is  able  to  penetrate  the  whole  univerfe,  and  furvey  all  the  parts  (J 
it  at  once ;  did,  originally,  frame  material  things  into  fuch  a  fyftem,  and 
fettle  among  them  fuch  laws  of  motion,  as  he  judged  fuitable  to  the 
ends  he  propofcd  to  himfelf  in  making  the  world.  And  as,  by  virtue  of 
his  vaft  and  boundlefs  intelleft  that  he,  at  firft,  employed ;  he  was  able, 
not  only  to  fee  the  prefent  ftate  of  things  he  had  made,  but  to  foreknow 
all  the  eflfefts  that  particular  bodies,  peculiarly  qualify M,  and  acting  ac- 
cording to  the  laws  of  motion,  by  him  eftablifhed,  would,  in  particular 
circunStances,  have  on  one  another  j  fo,  by  the  lame  omnifcient  power, 
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he  was  able  to  contrive  "the  whole  fabric,  and  all  its  parts,  in  fiich  a  Physics. 
manner,  that,  whilft  his  general  concourfe  maintained  the  order  efta-  V,  ^^^*^ 
blifhed,  each  part  of  this  great  engine  (hould,  without  either  intention, 
or  knowledge,  as  regularly  and  conftantly  aft  towards  the  attainment  of 
the  relpeftive  ends  ht  deugn'd  them  for,  as  if  themfelves  really  under-' 
ftoc)d,  and  ittduftrioufty  profecuted  thofe  ends.  Thus,  in  a  well-made 
dock,  the  iprihg,  the  wheels,  the  balance,  iXc.  t ho'  each  of  them  aft  ac- 
cording to  the  impulfe  it  receives,  and  the  determination  that  is  given  it 
by  the  other  parts  of  the  engine,  without  knowing  what  the  neighbouring 
parts,  or  what  themfelves  perform  ;  yet  their  tendencies  are  fo  deter- 
mined, and  over-ruled,  and  their  motions  fo  regulated,  by  the  ftrufturc 
of  the  machine,  that  the  whole  could  not  proceed  more  conveniently,  nor 
better  perform  the  office  of  a  clock,  if  they  knew  they  ought  all  to  con- 
^ire,  and  were  defign'd  to  make  the  index  truly  mark  the  hours.  'Tis 
not  eafy,  indeed,  to  conceive,  how  one  agent  fhould,  by  fo  limple  an  in- 
ftrument  as  local  motion,  dircft  fuch  a  multitude  ot  others,  as  make 
up  a  world,  to  aft  with  the  fame  regularity,  as  if  each  of  them  went 
upon  its  own  particular  defign,  and  yet  all  conlpire  to  obey  the  Istws  of  na- 
ture. But  if  we  confider,  that  this  great  work  i«  afcribed  to  an  omnifcient, 
and  almighty  agent,  it  will  not  appear  incredible ,-  efpecially  flnce  'tis 
manifeft)  that  a  multitude  of  bodies  aft  as  we  have  fuppofed  :  and  that, 
if  we  will  not  afcribe  to  God  the  direftion,  and  fupermtendency  of  the 
iriotions  that  stt  manifeftly 'fitted  for  the  attainment  of  ends,  we  muft' 
aforibe  them  to  nature ;  wnicb  will  not  leflfen,  but  increafe  the  difficulty. 
And,  upon  viewing  a  great  engine,  wherein  the  works  of  many  trades, 
and  a  great  variety  of  onier  motions  were  performed  by  little  puppets,  that' 
managed  the  tools  of  the  feveral  artificers ;  whilft  all  of  them  were  let  on . 
work  by  a  fingle  fpring,  which  communicated  motions,  regelated  and 
determined  by  the  particular  ftrufture  of  the  little  ftatues,  CTc.  I  could 
not  think  it  impofliDle,  that  the  great  creator  (hould  be  able,  by  the  mo- 
tions and  ftruOTires  of  matter,  to  fet  very  many  partial,  and  fubordinate, 
engines  a-going.  For  'twill  not,  I  hcype,  be  faid,  that  the  multitude  of 
thefe,  any  thing  near  furpaffes  that  ot  thofe  which  I  £aw  in  the  hand  of 
^n  illiterate  tradefman,  fo  far  as  the  narrow  knowledge  of  that  artificer  is 
furpaffed  by  the  boundlefs  underftanding  of  an  omnifcient  artift.  And 
Cod's  wifdom  and  skill  is  more  difplay'd  in  making  fo  many  various  bo- 
dies aft  according  to  their  particular  defignations,  while  they  allconfpire 
to  the  general  ends  of  the  univerfe;  than  barely  in  caufing  bodies  to  aft, 
appofitely,  for  ends  to  themfelves  unknown.  For,  if  mo\>ing  bodies  be 
duly  difpofed,  and  have  a  fufficient  conneftion,  "'tis  not  difficult  to  direft 
a  few  of  them  to  the  attainment  of  an  end  propofed  by  ^n  underftanding 
agent,  tho' unknown  to  the  immediate  agents:  as,  anciently,  among  the 
^Jewifh  husbandmen,  and,  at  this  day,  in  fome  parts  of  the  eaft,  the  ox, 
by  treading  the  corn,  feparates  the  grain  from  the  ftraw,  as  well  as  the 
labourer  who  thraflies  it,  cm  purpofe  to  make  that  feparation  j    and  a 
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^TSTcs.  lK>rfe  or  an  a£s;  by  gcHng  round  in  a  mill^  may  grind  the  com  a$  well  te 

^,/^'f^^  t!he  miller  himfdf. 

This  doftrinc,  however,  is  nor  inconfiftent  with  the  belief  of  any  true* 
mirade ;  for  it  fuppofes  the  ordinaiy  and  fettled  courfe  of  nature  to  be. 
malntaijiM ;  without  at  all  denying  that  the  moft  free  and  powerful  author 
c^  zuiture  is  able9  whenever  he  tbnks  fit^  to  fiifpend,  aiter^  or  oontradifh 
thofe  laws  of  motion^  which  he»  alone,  at  firft  eftabiiih'd,  and  which  re«T 
quires  his  perpetual  concourfe  to  uphold. 

S  E  C  T.    IV. 

ftBrij»dr^jg^H|nQ  (QiQe  to  our  laft  queftion,  **  With  what  cautions,  final  caufes  are: 
HuU  •*#•    JL    to  be  confider'd  by  the  naturalift  ? "  I  muft  obierve,  that  the  cafes*, 
whereto  it  may  relate^  are  fb  many  and  various,  that  I  can  only  touch 
upon  fbme  few  of  them. 

And  to  make  way  fiir  what  I  am  to  oflEer>  by  a  diftinftion^  thereiu:^' 
two  ways  of  reafinung  from  the  final  caufes  of  natural  thipig^,  that  ought 
^   not  to  be  omfeunded.    For  fomedmes  men  draw  arguments  from  theufe 
of  bodies,  that  relate  to  the  author  of  nature,  and.tw  general  endshe  is.- 
fiippofed  to  have  intended  in  thin^ corporeal;  as. when  from  the  mani*. 
iai  idfifulnefs  of  the  eye^  and  all  itsparts^  for  vifion,  *Qj  in&rrfd  that  the- 
cyei  was  ori^bially  framed,  by  a  very. intelligent  Bong,  untb^a  g^uticularf 
care  that  anunala  fliould  be  furniihM  vidthxtw»fittcft. organ  of  fi>. aecedtfy  a 
fenfe.    And  Ibmetinies,  alib^  men  ground  areumentt- upon  thCi^fiippoled. 
ends  of  diings^  as  to  the  pecuIiaxL  nature  of  we  things  themfcdves  i  and 
conclude,  that  this  afie&ionof  a  natural  body  or  part  ou^t  to  be  granted^ 
ox  that  deny'd ;  becaufe  by  tbis»  and  not  by  that,  or  by  uiis  more  than  by. 
that,  the  end  defignM  by  nature  may  be  beft  and  moft  conveniently  obtainM-r 
The  latter  fort  ot  arguments  I  ufually  call  purely  phyfical ;  andthiofe  of 
the  former  may  be  ftiled  phyfico-theological,  or,  by  a  uiorter  .name,  meta-. 
ph^cal  ones.  " 

But  in  order  to  be  the  more  clear  upon  this  fubj^ft,  I.fliall  refer  my* 
thoughts  of  it  to  the  five  folio wingpropoiitions*. 

P  R  O  R    I. 

As  to  the  generoR^  of  the  cekjiial  bodies^  itfeems  unfafe  to  drawaxguments  of- 
their  nature^  on  Afuppofiion  of  particular  ends^  at  leaft  of  the  human  onts^ 
defign^d  by  God  in  their  formation. 

^f^fili^    I  am  by  all  means  for  encouraging  the  contemplation  of  the  celeftial* 
■••^  oart  of  the  world,  and  the  fhining  globes  that  adorn  ic^  and  efpecially  the 

fun  and  moon,  in  order  to  raife  our  admiration  of  the  ftupendous  power : 
and  wifdom  of  him,  who  was  able  to  frame  fuch  immcnle  bodieSv;  and> 
notwithftanding  their  vaft  bulk,  and  fcarce  conceivable  rapidity,   keep 
them  for  fo  many  ages  conftant  bDth  to  the  lines  and  degrees  of  their  mo-^ 
tiouj  without  interfering  with  one  another.    And,  doubtiefs,  we  ought  to 

return 
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.  xenirn  thanks  and  praiies  to  the  divine  goodnefs^for  having  fo  placed  the  fun  PHrsics. 
and  mcon,  and  determined  the  former,  or  elle  the  earth,  to  move  in  particular 
lines,  for  the  good  of  men,  and  other  animals.    And  how  difadvantageous 
would  it  have  been  to  the  inhabitants  of  the  earth,  if  the  luminarieshad  moved 
after  a  different  manner  ?    I  dare  not,  however,  affirm,  that  the  fun,  moon, 
and  other  celefiial  bodies,,  were  made,  folely,for  the  ufe  of  man ;  much  leis 
.  prefume  to  prove  (Mie  ^ftem  of  the  world  to  be  true,  and  another  falfe ;  be*^ 
cauie  the  former  is  better  fitted  to  the  conveniency  of  mankind,  or  the  other 
leis  fuited,  or  perhaps  altogether  ufelefs  to  that  end.    Thus  men  fometimes 
aUedge,  that  toe  fan  ought  to  be  in  perpetual  motion,  to  Ihine  upon  the 
earth;  becaufe,  asthey  Smcy,  'tis  more  convenient  tor  man,  that  thofb 
diftant  bodies,  than  that  the  earth,  which  is  his  habitation,  fhould  be  kept 
in  motion.    iBut  conddering  things  as  mere  naturalifts,  it  feems  not  very 
likely,  diat  a  moft  wife  agent  ihould  have  made  fuch  vaA  bodies  as  the  fun 
and  the  fix'd  ftars,  (efpecially,  if  we  fuppofe  them  to  move  with  fuch  a 
prodigious  rapidity,  as  vulgar  aftronomers  alfign  them)  chiefly  to  illumi- 
nate a  little  globe,  that,  without  an  hyperbole,  is  but  a  phyHcal  point  in 
comparifbn  of  the  immenfe  cdeftiai  fpace ;  while  thofe  lights  might  as  well 
illuminate  the  earth,  if  they  were  a  thoufand.  times  lefs  thaa  they  are ; 
provided  they  were  placed  at  a  proportionable  diftance  £:om  .it.    And 
twill  be  very  hard  to  fay,  what  confiderable  ufe  the  terreflrial  ^lobe,  or 
its  inhabitants,  deriyo  &m»  that  multitude  of  celeftial  fpheres  which  com- 
pofe  the  milky  way ;  finoe  eacli  of  thofe  ftars  As.£o  far  from.beii^ 
able  to  enlighti^  the  earth,  that  AriJiatJe^  and  the  generality  of  pi 
phers,  for  many  .ages,  took  the  whole  number  of  them  for  a  meteor..   And 
what  light,  or  other  kaown  advantage,  can  the  earth,  or  its  inhabitants, 
receive  fsom  thofe  many  fix'd  .ftars^  that  the  telefcope,  only,  can  difcover, 
among  the  fix  or  feven  confpicuous  ones  .o£  ^  tha  Pleiades ;  or  among  thofe^ 
which  the  nakod  <;ye  difcoversin  the  belt  or  girdle  oiOrJon*  ? 

I  forefee,  jtmay'be  £iid,^  that  theie  and  me  like  celeftial  jbodies  are,  at 
leiaft,  thu$  far  ufetul  to  man,  as  to  difcover  to  him  the  power  and  great- 
nefs  of  the  divine  maker.  And,  indeed,  tho'  perhaps  his  wifHom  appears 
as  great  to.  us  men  in  the  ftrufture  of  a  glow-worm,  as  in  the  difpofition 
of  uie  f];nall  ftars,.  that  make  up  the  galaxy  5  yet  the  immenfity  of  his  power 

could. 


*'It  feems  diflfculc  toftjr^  whtttad-^ 
TAouges  the  earth  can  receive  from  the 
comets ;  yet  late  diicoveries  have  led  us 
to  coDJefiure  at  their  ufe :  and  that  moft 
fagacious  philofopher,  Sir  If.  Newton^  fup- 
pofes  that  one. final  caufe  of  comets,  is^ 
**  to  recruit  the  Teas,  and  the  moifture 
**-in  the  planets,  by  a  condcnfation  of 
'*  their  vapours,  axxl^  exhalations  there- 
'**  on.  For  as  feas  are  abfblutely  necefTa- 
"  TV  to  the  confiitution  of  our.  earth,  .to 
*^-  the  eBd..that  the  beat  of  the  fun  may  I 


••'thenee  raife  vapours  in  great  plenty, 
^*  -which  gathering  into  clouds,  fall  down 
**  in  rain,  and  thereby  water  the  earth, 
"  and  fit  it  for  vegetation ;  or  elfe  being- 
"•rondcnfcd  bv  the  cold  tops  of  the 
**  mountains,  diflil  down  in  fprings  and 
"rivers;  fa  comets  fecm  neceflary  to 
*'  prelerve  the  waters  in  the  planets,  by 
"  continually  repairing,  and  fupplying 
"  with  their  exhalations  and  condenfcd 
"  vapours,  all  that  liquor,  which  being 
*^  wafled  in  vegetation  and  putrefaSion, 

♦•  is 
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9imc9.  co\x\d'THit  Tpbfmjrhe  k  d«d)ired  by  1<^  I)^^ 
kS^^^^i/^J  nicnt$,nevertheteft,arciiiO£  |mi?dy  phyfical,  but  ci* that  fort  whkkl  call  phy- 
iko^heological^  whofe  inferences  relate  to  thegenoral  defigos  dT  God  in  tne 
nniverfe,.  which  I  fherelore  ftiletofixfictft  ends ;  but  do  not  readi  to"  prove 
any  thing  ab6dt  the  d^^minate  nature  €&  pttrtictdai^  bodies-.  ■'■•  And  fince 
liie  ui;m6ftthat!  j^hifofc^ 

vMs  otie  6f  the'«&ds  4ttttgnM  by  GM in^^  &afhili|  tM'^v^d  is^rt fee  it^i- 
there  may,  b^  the  &me  6mni£ne&t'authorof  nfati^'  be  oth^  endis  de%n*^ 
of  thofe  telelcqnea},  and  other  ifinall  or  remote  Bkn^  whofe  ufes  to  us  are 
doubtfU  or  ineonfidenble ;  -toattaiiai  whl^  c!n8^  thofe^cfleftiat  bodies  and 
motions  may  be  admirably  c6il^i?td  aifd-dlnefM^/'-Afidvi^'^ 
by  mere  reafon  to  difcbver  wiiiit-  thbfe  feA4*  «'r^>  fhfe-'^'we  ha<*'  iibdiiri^ 
near  fe  great  catife  to  thinfk'there'inay  not  be  fuch:  endV^  the  infin  ite 
wifdom  of  God  gives  us  to  think  there  niay  ;  -'tis  [^:^mptuous  to  judge 
of  the  fyflem  of  the  woiid^  and  of  die  defign  (^  vaftty  remote  Rxd&iM, 
by  its  being  greater  or  lefs  advantilgeous  to  us:  efpeciaUy  fince  tho'k  wece 
certaio,  tluit,  arii^g  oti^er  iijes,'  6m  intended  they  fiiould  iu  ibnjie  fert  be 
ferviceaUe  to  us ;  yet  hehit^bb  wt^  declared  ift  what  capacity;  W  eo  what 

^d^^ree,  they  ffiali  be  fb/    Aiid  therefore,  if  they  proie  Knrkxafife  in  any 
mekfiire ;  tnat  is,  fe  &r  as  we  know,  all  he  deu^'d  they  flicmkl  "be :  a!^ 

.  that  itielf,'  'bein^  ^n  unncietited  farour,  deferves  our  faumUe  tfatnks.^  And 
it  feem^'yesy:It£e^,  that  Qod*-  ^dt  not  defign  equi^  adrAncSsgCs  to  aH.'  ilie 
pajts  of  the  (^ytH;  front  the  ptefetit  M^dl^O^^  mHGcR^i'&icc'ib^ 
countries  inhabited  by  tbe  StmoidsMd  Ntn^A^&ikthBs^'^h^^ 
that  lie  very  near  the  ar&c  pole,  want  many  conveniehdes  and  adtran-^^ 
tages  oijoyM  by  the  inhabitants  of  the  temperate  zones. 

But  tho'  bare  philofephy  does  not  favour  this  bold  opinion,  yet  I  know 
^twill  be  pretended  that  revelation  does.  And  I  rradily  confefs,  that  the 
terraqueous  dobe  and  its  produdHons,  efpeciaUy  the  plants  and  animals 
'tis  furnifh'd  with,  appear,  from  the  feripture,  to  have  been  defign 'd  for 
the  ufe  and  benefit  ot  man ;  who  has,  therefore,  a  right  to  employ  any  of 
them  he  is  able  to  fubdue ;  and  that  the  fun  and  moon  were  appointed  by 
God  to  give  light  upon  the  earth,  and  be  ufeful  to  all  the  nations  that  in- 
habit it:  and  that  therefore  the  rojsal  prophet  had  reafon  to  exclaim. 


♦**  is  tum'd  into  dry  earth  upon  tbem. 
^*  For  itll  vegetables  wholly  grow  from 

^*  liquids,  and  afterwards,  in  great  mea- 
**  iure,  change  into  drv  earth  by  putre^ 

.  **  fafiion ;  and  a  terrcnrial  part  perpe- 
**  tually  falls  from  putrefied  fluids. 
**  Hence  the  bulk  of  dry  earth  is  con- 
^*  ftantly  upon  the  increafe,  and  the 
^^  fluids,  uniefs  by  ibme  means  fuppUed, 
^*  muft  continually  decreafe,  and  at  length 
*^  be  exhaufted.  But  the  vapours  of  co- 
^*  mets  being  continually  ranfied  in  the 

'  *^  empty  celcftial  fpace,  are  ditfufed  eve-  ^ 
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ry  way  therein,  and  fpread  thro*  the 
whole  heavens;  afterwards  they  are 
*^  eraduaUyattraSsd  by  the  planets,  from 
**  their  principle  of  gravity,  and  proba- 
**  bLy  intermix  d  with  their  atmofpheres. 
**  I  farther  fufpefi,"  fays  this  groac  philo* 
fopher,  *^  that  the  fpirit,  which  is  the 
**  leaft,  the  moft  fubtile,  and  the  beft  part 
"  of  our  air,  and  which  is  neceifary  to  the 
**  life  of  all  things,  comes  principally 
<^  from    the  comets.*'     tl$wton.   Princip. 

P'47*»47J* 

"  how. 


"  how  tnanifcld  are, thy  works,  O  Lt>rd !  how  v^'iMy  haft  thou  rtiade  them  PhtsicsI 
"  all  I "  For  he  applies  thefe  expreflions  to  the  tefratjueoits  globe  and  its 
inhabitants;  as  he  elfewhere  fuftly  fays,  that  "  the  heavens  declare  the 
"  glory  of  God,  and  the  firmament  fheweth  his  handy-work/'  But  thefe 
general  declarations,  tho'  they  properly  excite  our  wonder  and  thankful- 
nefs,  yet  I  fear,  are  not  good  topics,  from  whence  to  draw  fuch  phy- 
fical  condufions  in  particular  caies,  as  fome  learned  men  venture  upon. 
For  I  do  not  icmemoer  'tis  any  where  dieclared  in  fcripture,  that  the  fer- 
vice  of  man  was  the  only,  ©r  principal  nfe,  of  all  the  celeftial  bodies.  And 
this  (ingle  confideradon  fliould  make  us  rery  cautious,  how  we  eftimate  the 
great  lyftem  of  thewoil'd  by  our  conveniences.  And  if  it  be  faid,  that 
man  alone  has  a  Yarionat  feculcy,  whereby  to  refer  the  great  works  of  God- 
to  the  glory  of  their  mifccr ;  1  anfwer,  that  tho'  this  has  been  affirmM  by 
many,  yet  I  have  never  found  it  jtarov'd.  And  I  fomewhat  wonder,  that 
divines  Ihould,  on  this  occafion,  overlook  that  paflfage  in  Jol^y  which  they 
generally  interpret  of  the  angels.  For  the  queftioh  which  God  there  puts 
to  Job,  may  be  juftl^-  applied  to  AJamhlmf^lf ;  **  Where  waft  thou,  where 
"  I  laid  the  foundations  of  the  eattfk?  declare,  if  thou  haft  imderftanding. 
"  When  the  moming^ftars  fang  together,  and  all  the  fons  of  Godfliouted 
"  for  }oy  ?  '*  And,  indeed,  if  we  may  prefume  to  conjefture  at  fuch 
things,  it  feems  reafonable  to  me,  that  6od  created  the  angels  beifore  the 
material  world,  that  he  might  have  intelligent  Beings  to  pay  him  the  juft 
tribute  of  praifes  for  =fo  admirable  a  ^ftade,  as  that  of  tne  rifiilg  world, 
or  the  'banning  and  progrefs  of  the  creation.  However,  it  appears  front 
thefe  words  in  Joh,  that  before  man  was  made,  God  wantea  not  intelli- 
gent fpeftators  and  apjplauders  of  his  corporeal  works.  And  fince  the  angels  - 
are  a  nobler  order  of  intelleftual  creatures  than  men,  and  no  unconcerned 
fpeftators  at  the  works  of  God ;  how  do  we  know,  that  in  the  fyftem  of 
that  part  of  the  heavens  which  is  invifible  to  us  without  the  help  of  teiefcopesj 
and  in  the  plants,  animals,  or  other  fomiture,  whatever  it  be,  of  thofe 
panicular  ftars  that  ferve  us  men,  barely  for  declarations  of  their  maker's 
power  J  fuch  intelligent  fpirits  as  angels  may  not  difeerh  as  wife  defisns, 
and  as  admirable  contrivances,  as  thofe  manifeftcd  in  foi'ming  and  fiirniffing 
the  earth  ?  And  in  this  cafe,  God  wiM  lofe  none.of  the  glojj  due  td  the 
divine  attributes  ctifplayM  in  the  hbtic  of  the  celeftial  part  ol  the  World; 
tho*  the  fixM  ftars  (hould  not  be  prindpally  delign'd  for  the  fervice  of  man. 

But,  fecondly,  ^tis  yet  more  unfafe  to  form  arguments  upon  the  nature 
of  particular  inanimate  bodies  in  the  fublunary  world,  from  the  ufes  we 
think  them  defignM  for. 

This  will  be  made  evident,  by  confidering  how  little  we  know  of  the  And  thofe  thu 
particular  purpofes  of  nature,  in  thofe  terreftrial  bodies,  which  being  in-  *'*  ^^^^^^ 
organical,  cannot,  by  their  curious  ftrufture,  difclofe  to  us  the  particular 
ends  to  which  they  were  ordain'd.  And  their  motions  wanting  that  con- 
ftancy  and  regularity  of  the  celeftial  bodies,  the  caution  given  about  draw- 
ing arguments  from  the  aftronomical  fyftem,  will  not,  fure,  be  thought 
unfit  to  take  place  in  clays,  chalks,  ftones,  &c.  whofe  textures,  compared 

with 
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pMSics*  with  thofe  of  livine  creatures^  ate  very  fimple»  flighc,  and  feldom  more 
vi^i^V^  curious  than  may  be  made  aitiiidally,  by  di£falving  ftones  and  metals  in 
chymicol  menftrua,  and  afterwards>^ryftallizmg  the  fblutions.    ^Tis  true, 
revelation  ibeaks  rather  of  God's  having  deftin'd  animals  and  v^etables, 
than  tMiier  inanimate  bodies,  to  the  fervioe  of  men ;  yet  there  is  no  abfmrdit]^ 
to  conceive,  in  the  |eneral»  the  lame  to  be  one  of  the  ends  defign'd  by  the 
author  ^  nature,  m  tnaking  metals,  ,fldnes,  and  thofe  other  inanimate 
Mrts  of  the*  terreftriat^obe,  that  man  is  aUe  to  maflier  and  make  ufb  o£ 
Aut  'tis  verv  unlikely^  tmt  the  internal  part  of  the  earth,  which  may,  fir 
ought  we  know,^contain  great  varieties  of  faffib,  and  oeho:  creatures,* 
Ihould  be  made  chiefly  for  die  Service  of,.men^  mm  whoieific^  they  )m\ 
bid  >  and  who  wi|l,  in  all  piobalnUty,.  .nevw  defiebdrtbat  thoidandth  part 
of  .the  depth  reguifite  to  diicover  :the^9  aod  do  noc(£>  miieh  as  know  what: 
land of.bodies  th^  aipe.    And  tho'  it  wiU  not  hence ibUow,  that  the  terra-: 
queous  g^obe  was  made  by  chance,  any  more  than  that  the  other  plants 
WGCc  £q,;  becaufe  the  admirable  ftru^hure  of  plants  and  animals  proves  the 


exiftence  aqd  providence  of  a  moft.wiie  and  powerful  author  of  things^ 
who  may  juftly  be  fiippofed  to.  have  made  nothings  in  imn^  even  ambng  die 
inanimate  portions  of  our  globe ;.  yet  that  thofe  inaoifflate  portions  werd' 
made  fer  determinate  ends,  is  more  eafilv  deduced  from  the  kxiowledge  w^' 
have,  1^  other  means,  of  their  bethg  proauoed  by  a  wife  author,  than  from 
the  contempladon  of  thofe  bodies  tbemfelves.  And,  perhaps,  it  is  worth 
iaqui^,  wnether  fbnie  ahtngs-may.not  be  made,  even4>v  a  wife  agent,  not 
out  ot  a  primary  intentioi!^  but  as  produAions  that  wiU  Aatiirallv  fc^ow, 
upon  the  efUblimment  and  prefervation  of  thofe  grand  laws  and  rules  tyf 
motion,  that  were  moft  fit  to  be  fettled  among  things  corporeal.  And  'tis 
very  pofltble,  that,  according  to  fuch  a  ^neral  eftabliihment,  many  parts 
of  the  terreftrial  globe  are  fo  difpofed  oC  ^  not  to  be  ferviceable  to  men ; 
becaufe  the  whole  mafs  could  not  otherwife  be  £o  well  fuited  to  the  gene- 
ral ends  of  the  univerfe.  Thus,  tho'  the  eclipfes  of  the  fun  and  moon  be 
ufually  unwelcome,  and,  if  aftrolo^rs  may  be  -credited,  often  prejudicial 
to  men ;  yet  ^^  the  great  former  ofall  things"  did  not  think  fit  to  alter  the 
traAs  or  lines  of  motion  that  he  affi^^  the  luminaries,  to  avoid  the 
eclipfes.  that  muft  yearly  enfue  upon  their  mo^ng  in  fuch  lines.  Whence 
we  alfo  learn,  that  feme  phenomena  may  not  belong  to  the  primary  inten-> 
tion  of  nature.;  but  are  only  the  neceilary  confequences  ana  effe'As  of  the 
primitive  conftitution  of  the  world,  and  the  univerfal  laws  of  motion. 

JBut  if  it  be  here  demanded,  to  what  end  the  deep  and  hidden  parts  of 
the  terraqueous  globe,  and  the  telefeopic  ftars  or  the  firmament,  were 
made,  if  not  for  the  ufe^f  man  ?  i  freely  acknowledge,  that  I  cannot 
-tell :  and  perhaps  fuch  ananfwer  may  be  more  expreflive  of  the  profound 
reverence  we  owe  the  great  author  of  nature,  than  their  opinion,  who 
•would  have  all  thefe  made  for  the  fole  ufe  of  man* 

PR O  P. 
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*7/x  often  allowable  for  a  naturalifl^  from  the  mantfefl  and  appofite  ufes  of  the 
parts  cf  animal  bodies ^  to  coBeHfome  of  the  particular  ends  for  which  the  creator 
dejign^d  them  :  and  infome  cafes  we  may^  from  the  known  nature  andfiruSiure 
of  the  parts,  draw  probable  conjeSlures  about  the  particular  offices  of  them. 

To  obviate  miftakes,  it  muft  be  here  obfervM,  that  I  fpeak  only  of  thofe 
ends  and  ufes  of  the  parts  of  an  animal,  that  relate  to  the  welfare  and 
propagation  of  the  animal  itfelf,  and  which,  therefore,  I  call  animal  ends; 
tho  I  do  not  thereby  deny  any  declaration  made  in  the  holy  fcriptures,  that 
God  defign'd  the  entire  animals,  as  well  as  their  parts,  to  be  ferviceable 
many  ways  to  man.  This  premifed,  I  come  to  confider  diftinftly  the  two 
parts  of  the  propofition. 

And,  firft,  there  is  no  work  of  nature  known  to  us,  wherein  the  con- 
fideration  of  final  caufes  may  fo  juftly  take  place,  as  in  the  ftrudhire  of 
animal  bodies.  For  my  own  part,  I  confefs,  that  when  I  affift  at  a  skil- 
ful diffeftion,  I  cannot  but  wonder  there  fliould  be  philofophers,  who 
afcribe  the  admirable  contrivance  of  a  human  body  to  blind  chance.  The 
Soic,  who  in  Cicero,  ask'd  an  Epicurean  why  chance  did  not  make  palaces, 
and  ereft  other  buildings,  feems  to  have  propofcd  a  pertinent  queftion. 
But  the  mofk  commodious  houfes  are  far  lefs  curious  ftrudhires  than  the 
human  machine :  for  the  materials  of  a  palace  are  few,  in  comparifon  to 
the  parts  of  an  animal  body ;  and  their  difpofition  exceeding  flight,  com- 
pared to  the  curious  and  elaborate  contrivance  of  the  numerous  folids  and 
fluids  of  the  human  ftrudture :  the  former  whereof,  alone,  are  above  fome 
hundreds  ,•  yet  in  every  one  of  thefe  parts,  the  bulk,  figure,  confiftence,  tex- 
ture, fituation,  connexion,  and  aptnefs  for  motion,  are  the  moft  commodious 
that  can  poflGbly  be  devifed ;  whilft  all  of  them  are  wonderfully  fymmetri- 
cal,  both  to  one  another,  and  the  whole  body.  And  this  number  of  parts 
is  fo  artificially  contrived  and  fet  together,  that  tho*  no  room  be  loft, 
many  of  them,  at  the  fame  time,  exercife  very  different  motions,  while  each 
moves  freely,  and  rather  promotes  than  hinders  the  motion  of  others. 

Hurts  or  difeafes  may  (hew  how  excellently  all  the  parts  of  our  bodies 
are  contrived,  in  order  to  our  welfare.  For  if  even  a  finger  be  fwell'd, 
difplaced,  kept  in  a  wrong  pofture  by  contraftions,  have  its  continuity 
violated,  its  tone  changM  by  ftrains  or  contufions,  its  fenfe  or  motion  ta- 
ken away,  its  membranes  fretted  by  (harp  humours,  or  its  motions  dif- 
order'd  by  convulfions ;  we  quickly  find,  how  commodioufly  the  parts 
affefted  were  framed  or  difpofed ;  their  natural  figure,  connexion,  tone, 
&c.  being  now  alter'd. 

The  eye,  to  fingle  out  again  that  part  for  an  inftance,  is  fo  exquifitely 
adapted  for  feeing,  and  fo  little  fitted  for  almoft  anv  other  office  in  the 
body  ;  and  that  ufe  is  fo  neceffary  for  the  welfare  ot  the  animal,  that  it 
may  well  be  doubted,  whether  any  confidering  man  can  really  think  it  not 
defisned  for  that  ufe.  Tbe  fix  or  feven  mufdeSj  which  move  the  whole  ball 
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Physics,  of  the  eye  upwards,  downwards,  to  the  right-hand,  to  the  left,  and  to  va- 
rious oblique  pofitions  ;  and  the  feveral  coats  and  humours  that  make  up 
the  organ,  have  not  only  their  magnitude,  figure,  confiftence,  fituation^ 
and  conneidon,  admirably  adapted  to  that  end  ;  but  the  tranfparency  of 
the  cornea,  and  the  three  humours,  the  c^acipr  of  the  uvea,  the  femin^^a- 
city  of  the  retina,  and  the  feveral  motions  of  the  parts  of  the  eye,  which 
are  requifite  to  receive,  tranfinit,  refraft,  and  difpofe  the  viiual  rays, 
that  come  from  the  obje£t,  after  the  manner  necefi^y  to  make  the  livelieft 
pi£hire  cf  it  in  the  bottom  of  the  eye;  wonderfully  conipire  to  compleat 
this  matchlefs  inftrument  c£  vifion :  whence  we  may^as  proporly  conclude, 
that  an  eye,  as  that  a  telefcope,  is  made  to  view  objects  with.  But^  in 
that  admirable  perfiaradon  of  the  uvea,  which  we  call  the  pupil,  nature 
has  greatly  ext^eded  art.  For  tho'  we  are  obliged  to  employ  opake 
bodies,  with  feveral  circular  apertures,  to  the  objeS-glafles  ol  telefcopes. 


IS  an  aj)erture  that  widens  ana  contracts  it  leu,  m  an 
inlbnt,  according  to  the  exigency  of  the  object. 

But  for  the  ufes  of  the  feveral  parts  of  the  eye,  I  refer  my  readerto  Scheie- 
ner's  OaJus,  and  Des  Cartes^s  Dioptrics ;  whence  it  will  appear,  that,  in 
forming  this  part,  nature  not  only  aded  with  defign,  but  with  fo  ^reat 
skill  in  optics,  that  a  more  than  wdinary  acauaintance  with  that  icience 
is  necedary  to  underftand  the  wifdom  or  the  Several  contrivances ;  which, 
perluips,  no  d^ee  of  skill  whatever  in  it,  would  enable  a  man  to  aker 
tor  the  better. 

Twere  tedious  to  mention  other  parts  of  the  body,  that  manifeftly  ap- 
pear to  have  been  ordain'd  to  certain  ufes.  The  books  of  anatomifts  are 
lull  of  paflkges  to  this  purpofe  :  of  which  I  ihall  only  fay  in  general,  that 
tho'  what  they  deliver  is  fuificient  to  (hew  all  the  part  s  of  the  body 
to  be  the  effefts  of  an  intelligent  caufe  ;  yet,imlefs  their  defcriptions,  and 
refleftions,  be  improved  by  mathematics,  mechanics,  and  chymiftry,  we 
fliall  have  but  an  imperfe«  notion  how  intelligent  that  caufe  is  ;  or  how 
much  wifdom  is  difplay'd  in  the  ftrudlure  of  a  human  body,  and  its  feve* 
ralparts. 

I  know  'tis  objedled,  by  the  Epicureans,  that  the  parts  of  animals  were 
firft  made,  and  their  ufes  afterwards  difcoverM,  by  the  fagacity  of  men. 
But  this  isi  a  fophiftical  objeftion.  For,  firft,  many  of  the  internal  parts 
perform  their  funftions,  without  our  having  any  knowledge  of  their  ftru- 
fture,  or  fituatlon  ;  fb  far  are  they  from  oeing  applied  to  fuch  ufes  by 
our  fagacity.  And  as  for  the  limbs,  and  other  parts,  which  we  move 
at  pleafure,  *tis  true,  they  cannot  be  employed  to  their  refpeftive  ufes 
till  aftually  formed  ;  neverthelefs,  they  might  be  originally  fo  rorm*d,  as,  in 
due  time,  to  be  fit  for  fuch  ufes.  And,  in  effeft,  we  fee  tliat  a  chick  is 
furnifhM  with  compleat  eyes  and  wings,  before  it  be  hatchM  ;  tho'  whilft 
inclofed  in  the  egg,  it  can  make  no  ufe  of  them,  either  to  fee,  or  fly.  And 
why  was  it,  do  the  Epicureans  think,  that  natiure  provided  a  whole  fett  of 
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temporary  parts  for  pregnant  females,  and  animals  in  the  womb  ;  which.  Physics. 
when  they  are  come  mto  a  freer  ftate,  partly  flirink  away  of  themfelires,  V 
and  partly  turn  to  a  ligament,  fitted  no  longer  for  theformer,  but  for  a  more 
feafonable  ufe  ?  And  'tis  to  be  noted,  that  thefe  umbilical  vefTels,  and 
the  placenta  to  which  they  arc  faften'd,  is  of  no  neceffity  or  ufe  to  the  female 
before  conception  ;  and  therefore,  thofe  temporary  oarts,  appear  to  have 
been  defign'd  by  nature  for  the  propagation  of  the  ipecies. 

And  tm>*  the  iagacity  of  men,  may  have  foimd  out  fome  ufes  of  the 
particular  parts  or  their  bodies,  which  fcem  not  to  have  been  primarily 
intended  by  the  author  of  nature  j  yet  this  does  not  prove,  that  thofe  ufes 
were  undefign'd:  for  the  prefcience,  and  goodnefs  cf  God,  are  fufficient  to 
render  it  probable,  that  he  who  gave  man  both  the  limbs  of  his  body,  and  the 
endowments  of  his  mind,  did  b<ih  forefee  what  ufes  men  might,  according 
to  their  iagacities,  and  emergencies,  make  of  thefe  parts ;  and  fo  contrive 
the  parts,  that  they  fhould  be  applicable  to  fuch  ufes. 

And,  we  may  now  proceed  to  the  latter  part  of  our  propofition ;  which 
aiTerts,  that,  in  fome  cafes,  from  the  known  ends  of  nature,  as  well  as  from 
the  ftrufture  of  the  parts,  probable  conjectures  may  be  form'd  about  the 
particular  offices  of  them. 

This  could  not  have  been  feafonably  fpoken  to  before  ;  becaufe  the  ar- 
guments that  were  foimded  on  the  ufes  of  the  parts  of  animals,  fuppofe 
thofe  parts  to  have  been  deftin'd  to  panicular  ufes,  knowable  by  us  ; 
and  that  the  feveral  parts  of  the  body  were  contrived  as  wifely,  and  com  ^ 
modioufly,as  nien  are  able  to  devife,  in  order  to  the  ends  of  nature  :  which 
muft  always  be  underftood  to  have  united  in  her  defigns,  the  ufes  of  the 
pans,  and  the  welfare  of  the  whole. 

And,  indeed,  if  we  confider  how  admirable  a  fitnefs  there  is  in  the 
parts  of  a  human  body,  to  thofe  particular  ends  we  can  difcover  them 
to  have  been  defign'd  tor;  it  feems  allowable  to  conjedlure,  that  fuch  a 
part  was  not  primarily  defign'd  to  fuch  an  ufe,  if  it  is,  on  the  account  of 
Its  ftrufture,  or  otherwife,  lefs  fitted  for  it  than  the  conftant  wifdom  of 
nature  feems  to  require ;  efpecially  if  there  be  any  other  parts,  by  which 
the  office  may  be  more  commodioufly  performecl.  And,  on  the  other 
fide,  it  feems  probable,  that  fuch  a  part  was  deftin*d  to  fuch  an  ufe,  if 
the  ufe  itfelf  appear  to  be  neceflary,  and  the  part  better  fitted  for  it  than 
any  other. 

Thus,  tho'  anatomical  and  optical  writers,  for  many  ages,  unanimoufly 
concluded,  the  cryftalline  humoiur  to  be  the  principal  feat  of  vifion  ;  yet 
the  induftrious  Schemer  juftly  rejedks  that  received  opinion,  upon  fhewing, 
that  it  fuits  not  with  the  skill  and  providence  of  nature,  that  it  fhould  bt 
fo,  fince  it  wants  many  requifite  qualifications  for  that  purpofe  ;  and  efpe-* 
cially  fince  moft  of  theie  are  to  be  found  in  the  retina.  And,  I  remember, 
upon  asking  our  famous  Harvey ^  what  induced  him  to  think  of  a  circulation 
of  the  blood ;  he  £aid,  that  obferving  the  valves  in  the  veins  of  many  parts 
of  the  body,  fo  placed,  as  to  give  free  palTage  to  the  blood  towards  the 
hean  j  but  to  oppofe  the  paflOige  of  the  venal  blood,  the  contrary  way ;  he 
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Physics.  imaginM  that  fb  provident  a  caufe^  as  nature^  had  not  thus  pboed  to  masqp 
"^"^  ^  valves  without  defign  :  and  as  no  defign  feem'd  more  probable  than  tbi^ 
fince  the  blood  could  not  well,  becaufe  of  the  interpoung  valves,  be  fent 
by  the  veins,  to  the  limbs,  it  fliould  be  fent  diro'  the  arteries,  and  return 
thio'  the  veins,  whofe  valves  did  not  oppofe  its  courfe  that  way. 

Thus,  tho'  the  ancient  anatomifts,  and  phyfidans,  bdiev'd  the  parts  were 
nourifhed  by  the  venal  blood ;  the  modem  writers  teach  them  to  be  nou- 
riflied  by  the  blood,  in  its  pa&ge  thro'  the  arteries.  Not  that  they  think 
the  bloody  wluch  runs  thro'  the  veins,  altogether  unfit  to  fuj^y  the 
parts  with  that  vital  liquor ;  but  becauic  uiey  juc^  the  veins  to  be 
leis  fit  for  this  purpoie,  than  the  arteries;  into  the  latter  whtttoE  the 
biood  comes  immediately  firom  the  left  ventricle  of  the  heart,  agitated* 
and  fpirituous^  and,  by  a  brisk  impulfe,  better  fuited  to  anfwer  this  end. 

But  the  writii^  or  phyfidans,  and  anatomifts,  being  filled  with  inftan- 
ces  of  this  kind,  1  fcurbear  to  mention  any  more. 

PROP.  m. 

£  is  ratsonaljjrtm  the  Wiomfifij&nefi  iffime  fhif^s^  u  cofmical,  9r  ommA 
endsy  to  infer y  that  they  ivere  thereto  ordained  by  an  imeUigem  agem. 

Care  feems  to  have  been  taken,  that  the  body  of  an  animal  fliould  be 
provided  not  only  with  all  things  that  are  ordinarily  neceflhry,  «id  con- 
venient ;  but  with  fome  fuper-abundant  provifion  againft  accidents.  Thus^. 
tho'  a  man  may  live,  and  propagate  his  fpecies,  after  the  lofs  of  an  eye  $ 
yet  nature  ftimiflies  us  with  two,  that,  in  cafe  one  be  deftroyM,  the  other 
mayfufficefor  vifion.  And"  the  like' may  be  faid  of  the  cars.  In  fliort, 
nature  has  furnifli'd  men  with  double  parts  of  the  fame  kind,  where  it 
is  hichlv  ufeful,  and  may  be  permitted,  without  prejudice,  to  the  reft  of 
the  body.  And  this  is  the  more  confiderable,  becaufe,  in  other  parts, 
nature  appears  to  husband  things  fb,  as  to  avoid  doing  what  is  uiper- 
(luous.  Thus,  withm  the  skull,  fome  veflels,  that  would,  in  other  parts 
of  the  body,  have  double  coats,  are  very  thin  ;  the  skull  being  ordinarily 
fufHcient  to  defend  them  from  external  injuries. 

Another  argument,  that  nature  afts  with  defign,  about  animals,  may 
be  drawn  from  what  anatomifts  obferve  of  thofe  parts  of  the  womb,  or 
the  ibtus,  that  are  to  be  found  but  at  certain  times,  when  there  is  need 
of  them  ;  and  not  at  others,  when  they  would  be  ufelefs.  Thus,  when  a 
woman  is  with  child,  the  Vafa  umbilicalia  vitt  produced  to  be  canals,  ei- 
ther for  the  blood,  or  alimental  juice,  and  fpirits,  that  then  ought  to 
pafs  between  the  womb  and  the  fiitus,  by  means  of  the  placenta.  And 
tho',  as  long  as  the  child  continues  in  the  womb,  thefe  temporary  parts 
continue  with  him  ;  yet,  as  foon  as  he  comes  into  the  world,  the  umbili- 
cal veflels,  particularly  the  two  arteries,  and  the  vein,  together  with  the 
membranes  they  are  wrappM  up  in,  with  the  chorion,  and  the  amnios, 
that  involve  the  fcetus,  are  thrown  oft',  as  unneceffary,  andexpell'd  in  the 
after-birth  ,•  there  remaining  only  tl»t  part  of  the  umbilical  veflfels  that 

lies 
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£es  within  the  child*s  abdomen,  between  the  navel  and  the  liver ;  where   Physics. 
its  tile  is  conndemble,  tho'  new ;  for  it  ferves  now  no  longer  to  convey 
blood,  or  an  alimental  liquor,  to  and  £ro,  but  degenerates  into  a  liga- 
ment* 

Thus,  alfb,  the  Foramen  ovale,  gives  paffage  to  the  blood  from  the 
right  ventricle  of  the  heart  to  the  left,  that  the  circulation  of  it  may  be 
maintained ;  for  it  cannot  in  the  embryo,  as  in  a  bom  child,  pafs  thro' 
the  veflels  of  the  lungs,  from  one  of  the  ventricles  to  the  other :  whence 
this  contrivance  leems  to  be  an  expedient  that  nature  employs,  till  the 
fcBtus  is  excluded ;  when  that  temporary  conformation  is  obliterated.  For 
the  child,  now  breathing  the  free  air,  is  in  a  condition  to  make  the  blood 
drculate  thro'  the  pulmonic  veffels,  according  to  the  primary  intention  of 
nature.  From  which,  and  the  like  inftances,  we  may  infer,  that  thefe 
temporary  parts  were  framed  by  a  fore-knowing,  as  well  as  a  defigning 
agent ;  who  intended  they  fhould  ferve  for  fuch  a  purpofe,  and  then  be 
kid  afide :  for  'tis  uttterly  improbable,  that  an  imdefigning  agent  fhould 
fo  appoiitely,  and  exquidtely,  frame  fcafiblds  for  a  future  building,  if  he 
did  not^  before-hanc^  deftine  both  the  one  and  the  other,  to  concur  to 
the  lame  ultimate  effeft. 

'  Another  argument,  for  our  prelent  purpofe,  may  be  drawn  from  the 
confideration  of  what,  in  animals,  is  commonly  call'd  inftinft :  which,  in 
fome  cafes,  more  direftly  regards  the  welfare  of  the  creature  ,•  in  others, 
the  propagation  of  the  fpecies ;  and,  fometimes  again,  relpe£ts  both.  The 
writers  of  voyages,  and  natural  Wftory,  recount  flxange  infbnces  of  the 
inftinfl:  obfervable  in  certain  animals.  JBut  we  need  not  lay  the  ftrefs  of 
our  argument  upon  dubious,  or  fufpedted  relations ;  (ince  what  I  have 
met  with,  in  authors  of  good  authority,  or  received  from  the  mouths  of 
credible  travellers,  may  ferve  my  prefent  turn ,-  efpecially,  if  we  may  take 
the  word  inftin&  in  a  latitude,  lb  as  to  comprize  thofe  untaught  method^ 
and  expedients,  that  are  made  ule  of  by  fome  animals,  to  avoid  dangers, 
provide  lor  their  liiture  neceffities,  or  to  catch  their  prey. 

Surprising  things  are  related,  not  only  by  poets,  out  by  more  credible 
writers,  about  the  ikgacity  and  government  of  bees.,*  in  point,  both  of 
cBConomy,  and  politics.  But  cho'  1  ihall  not  build  any  thing  upon  Itif- 
pe6l«d.  authorities,  ^et,  having  long  kept  a  trahfparenf  hive,  ana  thereby 
gained  the  opportunity  to  make  frequent  oblervations  of  the  a6Hons  o£ 
;thefe  little  ammals ;  I  confefs,  I  dilcover'd  fome  things  that  I  did  not 
believe  before  :  which  induced  me  to  look  upon  them,  as  very  fit  inflances 
of  creatures  endowed  with  natural  inflind  and  providence.  For,  'twere  hard 
ibr  a  mathematician,  in  contriving  fo  many  cells  as  bees  make  in  the  area 
^f  one  of  their  combs,  to  husband  fo  little  fpace  more  skilfully  than  thefe 
animals.  And  they  not  only  carefully,  and  feafonably,  lay  up  thpir  ho- 
ney, to  ferve  them  all  the  winter ;  but,  curioufly,  dole  the  particular 
cells  with  covers  of  wax,  that  keep  the  included  liquor  from  fpilling,  and 
from  external  injuries.  I  do  not  here  mention  the  prognoflication  of 
weather  that  may  be  mgde  in  the  morning,  by  their  keeping  within  their 

hives. 
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?HTsxcs.  UireSj  or  flying  early  abroad^  to  fumifli  them£elves  with  wm^  or  honey  ] 
or,  by  their  unexpected  return  before  a  ftonn :  becaufe,  I  fufpe£t,  that 
thelie  things  are  not  £o  much  the  tlk&s  of  inftinft^  as  of  a  tendemefs^  and 
quicknefs  of  fenfe ;  fbmediing  analogous  whereto,  may  be  feen  in  a  eood 
weather-^afs;  and  is,  alfo,  to  be  round  in  many  woimded,  and  valetu- 
^nary  peribss»  who  are  aflfe^ed  with  fuch  bc^ning  alterations  in  the 
air,  as  odier  men  perceive  not*  .  But,  among  the  pecoliarities  to  be  ob«- 
ienr'din  the  conduft  of  bees ;  *6s  very  remarkable,  that,  after  a  fight, 
they  take  up  the  dead  which  lay  on  the  ground,  ancC  ^  ^  bave  obferv'd, 
fly  away  with  them  &t  from  tKeir  hive. 

Another  obvious  inftance  of  the  inftinft  that  nature  has  given  to  Come 
defpicaUe  inieds,  m«y.  be  taken  fix>m  ants.  For,  Ms  known,  that  thefe 
little  creatures  do,  in  the  fummer,  hoard  up  grains  of  com  i^inft  the 
winter.  And  thdr  iagacity  is  the  more  conud^able,  if  it  be  true,  what 
many  learned  men  aflolnn,  that  they  eat  oflf  the  germen  of  the  grains  they 
lay  up,  lefl:  the  moifture  m  the  earai,  exj^ei  to  the  rains,  fliould  mak^ 
diem  fprout.  Bu^  whatever  become  of  this  tradition,  thefe  in£e^  perform 
feme  other  actions,,  greatly  ycfembUng  tboie  proceeding  from  iagadty  and 
induftry. 

The  natural  skill  of  ipiders,  in  weavinj^  their  webs,  that  are  fo  fitly 

contrived,  both  to  catch  thdr  prey,  and  give  them  immediate  nodce  of  its 

being  caught,  is  a  thing  wluch,  if  it  were  not  fiimiliar,  would  be  kx>k'd 

.upon  as  aonirable.    And  this,  skill  is  not,  as  fome  imagine,  an  efle£k  of 

imitating  their  parents ;  fbrif  thettcs  be  taken  away,  andendofedma 

glais^  when  they  come  to  be  hatchxl  by  the  heat  of  the  fun,  the  U  ' 

creatures  will,  immediately,  fall  to  ginning  in  the  glafs  itfelf ;  as  was 

lated  to  me  by  an  eminent  mathematician,  who  made  the  experiment. 

And  I  faw  the  leis  reafbn  to  diflxuft  it,  becaufe  having,  by  an  external 

heat,  hatched  many  eggs  of  filk-worms,  in  a  place  where  there  had  not 

been  any  of  a  long  time  before,  nor,  probably,  ever,  till  then ;  yet  the 

worms,  produced  by  thefe  eggs,  did,  in  autumn,  of  their  own  accord, 

climb  up  to  fuch  convenient  places  as  I  had  prepared  for  them,  and  there 

weave  thofe  curious  oval  pnfbns,  wherein  they  endofe  themfelves,  and 

which  are  unravel^  into  extremely  fine  filk. 

But  this  provident  induftry  is  not  confined  to  infedts,  for  'tis  to  be 
found  in  many  of  the  ereater  animals ;  particularly  in  the  beaver ;  a 
.  creature  whereof,  indeed,  many  fabulous  ftories  are  related :  yet  fober, 
and  judicious  perfbns,  who  were  either  bom,  or  lived  in  New-England^ 
where  thefe  animals  abound,  have  afTured  me,  that  the  beavers,  with 
their  fliarp  teeth,  cut  pieces  of  wood,  and  fit  them  to  their  purpofe ;  that, 
by  joining  their  labours,  they  lay  thefe  together,  fo  as  to  build  themfelves 
ftrong  wmter-houfes ;  in  which  there  is,  fometimes,  a  kind  of  fecond 
ftory  for  the  inhabitants  to  retire  to,  when  the  water  chances  to  overflow ; 
that,  for  thefe  houfes,  they  chufe  a  very  convenient  fituation,  juft  by 
fome  river,  or  other  water,  that  can  fiirnifti  them  with  fifli  ,•  and  that 
the  hole  belonging  to  each  houfe^  is  placed  juft  by  the  water,  that 

they 
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they  may,  immediately,  floiuice  into  it,  and  fo  fave  themfelves,  when  their  Physics, 
houfes  are  attacked.  And,  to  facilitate  their  fwimming,  and  the  catching  *  "^'^ 
of  their  prey  in  the  water ;  nature  has  given  them  two  feet,  not  made 
Hke  thofe  of  dogs,  or  cats,  or  in  the  manner  of  their  other  two  ;  but  for* 
nilh*d  with  broad  membranes  betwixt  their  toes,  like  the  feet  of  geefe, 
ducks,  and  other  aquatic  animals,  that  are  to  ufe  them  as  oars,  to  thruft 
away  the  water,  and  facilitate  their  motions. 

The  various  arts  employM  by  animals  of  different  kinds,  about  the  ma- 
terials, the  conftruftion,  and  the  fituation  of  their  nefts,  is  ufually  re- 
markable, and,  fometimes,  wonderfol.  Of  this  skill,  we  have  many  emi- 
nent inftances ;  but  *tis  particularly  remarkable,  that,  in  countries 
abouncUng  with  apes  and  monkeys,  creatures  very  greedy  of  birds  eggs, 
there  is  a  fort  c*  bird,  whofe  eggs  they,  peculiarly,  afFe£l,  that  hang 
their  nefts  near  the  end  of  fome  long  flexible  branches,  which  reach 
over  the  water ;  and,  by  that  means,  avoid  their  enemies,  who  cannot 

fwim. 

In  the  nefts  of  wa^s,  which  they  often,  for  greater  fecurity,  make 
under  groimd  ,•  I  have  obferv'd  a  very  curious,  and  anificial  ftrufture, 
to  conceal,  and  flielter  their  young  ones,  till  they  are  ready  to  fly. 

But  the  inftind  that  nature  has  planted  in  animals,  for  their  own  pre- 
fervarion,  is  much  inferior  to  that  providence  Ihe  has  f umifhed  them  with, 
for  the  propagation  of  their  fpecies. 

There  are-many  remarkable  things  to  be  met  with  in  the  nefts  of  feve- 
ral  birds,  both  as  to  the  materials,  the  ftrudkure,  and  the  fituation  of  the 
places  wherein  they  are  built.  I  have  feen  nefts,  and,  particularly,  fome 
made  in  the  Indies,  which  would  raife  a  man's  wonder  how  the  birds 
fliould  find  fuch  odd,  but  commodious  materials  to  build  with.  There 
are  birds  in  the  eaft,  which  make  their  nefts  of  a  white  fubfbmce,  that 
looks  almoft  like  ifine-glafs,  difToluble  in  liauors,  and  £o  very  well  tafted, 
that  it  makes  the  chidF  fauce  ufed  in  the  fouthern  parts  of  India.  The 
fhnfture,  alfo,  of  the  nefts  of  feveral  birds,  both  as  to  their  figure,  mag- 
nitude, and  accommodations,  wherewith  they  are  fiunifliM,  for  warmth 
and  foftnefs,  may  deferve  the  applaufe  of  mathematicians  ;  efpecially  if  it 
be  conliderM,  that  thefe  little  untaught  archite£ls  had  no  tools  to  make 
their  curious  buildings  with,  except  their  bills  and  £eet.  Much  more  fore- 
fight,  however,  appears  in  the  fituation  of  the  place,  that  fome  birds  make 
choice  of,  to  build  their  nefts  in ;  as  maybe  obferv'd,  not  only  in  the  pen- 
dulous nefts  of  fwallows,  and  the  fecret  ones  of  fome  European  birds ; 
but  very  confpicuoufly  in  the  hanging  nefts  that  we  lately  mentioned,  to  be 
fo  oddly  placed  by  fome  birds,  to  fecure  their  eggs  from  apes  and. monkeys ; 
and  by  the  fituation  of  the  nefts  ufed  for  lauce  as  we  juft  now  re- 
lated, to  be  found  only  upon  high  and  fteep  rocks  :  which  are  fo  faften'd 
to  the  concave  parts  of  them,  that  look  downwards,  and,  commonly, 
hang  direftly  over  the  fea  ,•  that  there  is  no  getting  them,  without  much 
trouble,  ana  danger :  upon  which  account,  as  well  as  that  of  their  deli* 
cacy,  tbcy  are  very  dear,  even  in  the  Eaft-Indies^  where  they  arc  found. 

The 
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Physics.  The  like  care  to  contrive  their  nefts  advantageoufly,  and  make  them  in 
fecure  places,  is  vifible  in  infefts ;  as  may  be  obferv  d  in  the  fubterraneal 
nefts  ot  the  wafps,  formerly  mentioned,  and  in  the  eggs  of  fnails,  which 
I  have  fometimes  found  hid  under-ground ;  and  have  hatched  in  glaffes 
fumifhed  with  the  feme  earth  wherein  they  were  found. 

If  I  fhould  here  fet  to  view  the  feveral  effefts  and  arguments  of  the 
wonderful  providence,  that  the  moft  wife  author  of  nature  exerciies 
about  the  propagation  of  animals,  by  diftinguiihing  them  into  male  and 
female  j  by  furniihih^  both  fexes  with  mutual  appetites  and  organs  exqui- 
fitely  adapted  to  the  mcreafe  of  their  kind ;  by  the  admirable  formation  of 
the  foetus  in  the  womb,  without  the  female's  knowing  how  it  is  per- 
formed ;  by  the  ftrange  fubtilties  and  courage,  that  feveral  creatures,  either 
oviparous  or  viviparous,  have,  to  hide  and  defend  their  young ;  by  the 
full  provifion  that  is  made  for  the  nourifliment  of  the  foetus,  and  the  wel- 
fare of  the  female  after  Ihe  has  brought  forth ;  and  the  like  :  I  might  much 
enrich  and  adorn  my  argument.  But  inftead  of  purfuing  a  fpeculation, 
that  would  lead  me  too  far,  I  (hall  loc^  back  upon  the  intimation  I  lately 
cave,  that  even  thofe  meaner  parts  of  animals,  which  feem  to  have  beea 
framed  with  the  leaft  care  and  contrivance,  are  yet  worthy  of  their  author. 
For  tho'  the  teeth  be  fome  of  the  leaft  elaborate  parts  of  the  human  body, 
yet  even  thefe  a£R>rd  numerous  phenomena  applicable  to  our  prefent  pur- 
pofe :  but  I  fliall  only  tranfiently  confider  a  few  of  them. 

And  firft,  'tis  remarkable,  that  tho'  when  a  man  comes  to  his  full 
ftature,  all  the  other  bones  of  the  body  ceafe  to  grow,  the  teeth  continue 
to  increafe,  in  length,  during  his  whole  life.  This  growth  of  the  teeth 
appears  not  only  by  their  continuing  for  many  years  of  the  feme  length,  but 
by  the  unfightly  fhooting  of  one  tooth,  when  that  which  was  oppofite  to 
it  in  the  other  jaw  is  wanting ;  whence  it  has  liberty  to  fprout  without 
oppofition.  Of  this  difference  in  point  of  growth  betwixt  the  teeth  and 
other  bones  of  the  body,  what  reafon  can  be  fo  properly  affign'd,  as  its 
being  intended  to  repair  the  daily  wafte  of  fubftance,  proceeding  from  the 
frequent  attritions  of  the  upper  and  lower  jaw  in  maftication  ? 

2.  Tho*  the  bones  of  the  body  are  generally  invefted  with  a  very  thin 
fenfible  membrane  callM  Periofteum ;  that  part  of  each  tooth,  which  is  not 
covered  by  the  gums,  wants  it';  which  would  be  fubjeft  to  very  frequent 
aiid  painful  compreflions  and  lacerations. 

3.  To  enable  the  teeth  to  break  and  make  comminutions  of  the  more 
(olid  kind  of  aliment,  nature  has  providently  framed  them  of  a  clofer  and 
harder  fubftance  than  almoft  any  other  bones  in  the  body ;  tho' thefe  are  fo 
numerous,  that  anatomifts  reckon  above  three  hundred  of  them.  And  I 
have  met  with  it  in  authors  of  good  credit,  that  fome  mens  teeth  have 
been  fo  hard,  as,  when  ftruck  againft  another  fit  body,  to  produce  fparks 
of  fire. 

4.  That  thefe  bones,  whofe  ufe  is  fo  great,  may  themfelves  be  conti- 
nually nouriftiM  and  fupplied  ;  tho' they  are  fet  in  bone,  the  wife  author 
of  things  has  admirably  contrived  a  cavity  on  each  fide  of  the  Jaw-bone, 

wherein 
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wherein  are  lodg'd  an  artery,  a  vein,  and  a  nerve ;  which,  thro'  lefler    Physics. 
cavities,  fend  their  twigs  to  each  particular  tooth. 

5.  As  infants  are  defign'd,  by  nature,  to  feed,  for  a  confiderable  time,  on 
milk,  they  remain  long  widiout  teeth ;  whilft  feveral  animals,  which  are 
often  early  reduced  to  feek  aliment,  that  is  neither  fluid  nor  fofr,  come 
into  the  world  with  teeth  already  form'd  in  their  jaws- 

tf.  The  bony  fubftance  appointed  for  the  comminution  of  the  aliment, 
ought  not,  for  feveral  reafons,  to  be  in  either  jaw  entire,  or  all  of  one  piece ; 
and  thereiGore  nature  has  pro^dently  made,  tor  that  ufe,  a  competent  num- 
ber of  diftindl  bones  in  either  jaw.  And  becaufe  men  may  have  occaiion  to 
feed  often  upon  very  diflferent  forts  of  aliment ;  and  becaufe  ufually  the 
fiime  aliment  may  rejquire  different  preparations  in  the  mouth,  to  facifi- 
ute  the  digeftion  of  it  in  the  ftomach ;  nature  has  provided  men  with  two 
rows  of  teeth,  for  the  moft  part  equal  in  number,  and  correfponding  to 
each  other,  yet  of  different  fhapes,  tor  diflferent  ufcs ;  the  fore-teeth  are 
broader,  and  have  a  kind  of  edge,  to  cut  the  more  yielding  fort  of  aliment, 
whence  they  are  call'd  Incifores  ;  others  being  ftronger,  and  more  fitly 
fhaped  to  tear  the  tougher  food,  are  termed  Canint.  There  is  alfo  a 
third  fort,  whofe  principal  oflSce  it  is  to  grind  the  aliment  cut  or  torn 
by  the  others :  and,  for  tiiis  purpofe,  they  are  made  much  broader,  and 
£>mewhat  flatdlh^  with  their  upper  furfaces  uneven  and  rugged  ,•  that  by 
their  knobs  and  little  cavities,  they  may  the  better  retain,  gnnd,  commi<- 
nute,  and  mix  the  aliment ;  and  for  this  reafon  they  are  called  Molares. 

7.  And  becaufe  the  operations  to  be  performed  by  the  teeth,  often  re- 
quire a  confiderable  firmnefs  and  ftrength,  partly  in  the  teeth  themfelves^ 
and  partly  in  the  inflruments  that  move  the  jaw,  wherein  the  lower  fett 
of  them  is  fix'd ;  nature  has  provided  the  lower,  or  moveable  jaw,  with 
ftrong  mufcles,  that  it  may  bear  forcibly  againft  the  upper ;  and  has  not 
only  placed  each  tooth  in  a  diftinfb  cavity  of  the  jaw-bone,  as  it  were  in  a 
dole,  flrong,  and  deep  focket ;  but  iumifh'd  the  &veral  forts  of  teeth 
with  hold-ftfts,  fuitablc  to  the  ftrefs,  that,  by  reafon  of  their  different 
offices,  is  to  be  laid  on  them.  And  therefore  the  Incifores  and  Canini  have 
ufiiaUy  but  one  root ;  whilft  the  Molares,  that  on  many  occafions  are  employed 
to  br^dc  hard  bocUes  before  they  can  be  ground,  are  fiimiihed  with  thi'ee 
roots,  and  often  with  four,  m  the  upper  jaw,  whofe  fubfbince  is  fomewhat 
fofter,  and  whofe  grinders  ferve  as  fo  many  little  anvils  for  thofe  of  the 
lower  to  flrike  or  prefs  againfl. 

If  it  (hall  befaid^  that  allowing,  tho'  man  is  indeed  advantageoufly  fumi(h'd 
with  teeth,  yet  there  are  many  other  animals,  fome  whereof  have  not  near 
fo  many  teeth,  nor  fo  commodioufly  Ihaped  and  placed  as  his ;  others, 
rfiat  are  not  furnifliM  with  any  teeth  at  all ;  and  tiiat  feveral  animals 
hare  fome  of  their  other  parts  Icfs  convenient  in  their  kind,  or  are 
not  otherwife  near  fo  well  provided  for  as  they  would  be,  if  they  were  - 
not  rather  the  produftions  of  chance,  than  of  an  intelligent  and  defiening . 
agent :  I  muft  declare,  that  many  particulars  might  be.  farther .tlte(%  4,  to 
Ihew  the  final  caufes  of  things  corporeal,  as  t^  conridea;^ti^'0£  chein4?a4s 
Vol.  IL  Bb  to 
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Physics,  operations,  very  important,  if  not  neceflary,  to  the  welfare  of  a  living 
man. 

And  there  may  ftill  be  other  ufes,  very  proper  to  be  confider'd,  in  fome 
parts  of  a  human  body ;  as  the  mechanical  advantages,  for  which  the 
various  fliapes,  and  ftruftures  of  different  mufcles,  the  feeming  irre- 
gular fabric  of  the  bones,  and,  efpecially,  of  the  proceflfes,  and  pro- 
txiberances,  are  admirably  fitted.  And,  in  fome  parts,  too,  there  arc 
peculiar  ones ;  as  for  inftance,  optical  ones  in  the  eyes ;  which  niuft  be 
confider'd,  before  the  defign  of  nature  therein,  can,  without  rafhnefs,  be 
cenfured. 

Thus,  tho*  the  figure  of  the  cryftalline  humour,  be  much  more  fphc- 
rical  in  moft  filh,  than  in  men,  and  other  terreftrial  animals ;  vet  he 
who  underftands  the  doctrine  of  refradlions,  and  confidcrs,  that  mh  un- 
der water,  are  to  fee  thro'  a  far  thicker  medium  than  air,  will  readily  ac- 
knowlec^,  that  this  difference  between  their  eyes,  and  thofc  of  men,  is 
not  an  imperfedhon  in  the  former  ;  but,  whilft  thofe  creatures  are  in  their 
own  element,  a  great  advantage. 

And,  to  be  Ihort,  I  think  mere  are  fo  many  fciences,  and  other  parts 
of  knowledge,  ibme  of  them,  perhaps,  fcaix:e  yet  difcover'd,  that  may  be 
requifite  to  warrant  a  man  in  cenfurin^  the  ends  of  God,  in  the  bodies  of 
animals ;  that  very  few  men  are  quahfied  to  condemn  them  juftly ;  -  and 
diofe  who  have  knowledge  enough  to  judge  right,  will  not  be  forward 
to  condemn,  but  admire  them.  Thus  men  may  eafily  be  too  rafh,  in  tlunk- 
ing  a  part  inartificially  framed,  upon  fuppofition,  that  by  the  anatomical 
d&£hon  of  it,  they  know  all  the  ufes  whereto  the  skill  of  the  divine  ar- 
tift  could  defign  it. 

And,  it  will  not  neceflkrily  follow,  that  becaufe  in  fome  particular  bird,  or 
beaft,or  fiih,weare  unable  to  fay  why  this,  or  that  part  is  not  to  be  found  ; 
or  why  it  is  otherwife  framed,  or  fituated,  than  that  which  is  analogous 
thereto  in  man;  it  mufl,  therefore,  be  cafually,  or  undefignedly  framed,  or 
placed :  fince  we  cannot  expedl  from  brute  animals,  anlwers  to  thofe  pro- 
per queftions  about  their  own  bodies,  which  we  can  receive  from  men 
about  theirs.  Nay,  notwithftanding  the  great  diligence,  with  which  the 
more  curious  phyficians  are  obliged  to  cultivate  anatomy,  and  the  fre- 
quent opportunities  they  have  to  do  it,  and  to  inquire  of  living  men  about 
what  they  obferve,  and  feel,  when  the  natural  ufe  of  their  parts  is  hin- 
dered, or  perverted  ,•  yet  we  are,  to  this  day,  at  a  lofs,  as  to  the  true  ufes 
of  the  vifible  parts  of  the  body  ;  to  fay  nothing  of  the  invifible  ones.  So 
that  *tis  no  wonder,  if,  in  animals,  whofe  fabric  we  have  much  lefs  con- 
cern to  inquire  into,  and  much  lefs  ^portunity.to  examine,  we,  fometimes, 
find  parts,  of  whofe  ufes  and  fitnefs,  men  are,  hitherto,  unable  to  give  a 
fatisfaftory  account.  For  even  in  man,  himfelf,  tho'  there  be  numerous 
valves  found  in  his  veins,  yet,  for  thofe  many  ages,  that  the  true  ufes  of 
them  were  unknown,  an  Epicurean  phyficiavi  might  have  thought  he  had 
reaibn  to  look  upon  them  as  fuperfluous  parts  ;  which,  fince  the  circula- 
tion of  the  blood  is  difcover'd^  are  acknowledged  of  the  greateft  utility. 

And, 
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And,  fince  God  is  both  a  moft  free,  and  a  moff  wife  agent,  it  need  Physic 
not  feem  ftrange,  that  he  ihould  adorn  Ibme  animals  with  parts,  or  qua* '  '^"^ 
lities,  that  are  not  neceflary  to  their  welfare,  but  that  feem  defignM  for 
their  beauty ;  fuch  as  the  difpofition  of  the  camelion  to  change  his  colour  ; 
and  the  lovely  green,  blue,  yellow,  and  other  vivid  colours,  that  adorn 
fbme  forts  of  pigeons,  parrots,  and  the  fmaller  birds ;  and  elpecially, 
that  admirable  little  creature,  the  humming-bird. 

On  the  other  fide,  God's  wifdom  fometimes  feems  to  be  provident,  and 
follicitous,  not  to  beftow  on  an  animal,  or  ^^rt  of  it,  more  than  is  neceffa* 
TV  for  the  ufe  whereto  either  is  defignM.  Tnus  the  veins  are,  by  anatomifts, 
ooferv'd  to  have  but  one  coat,  andufually  to  lie  more  expoied  than  the 
arteries  that  accompany  them,  which  have  ftronger,  and  double  coats,  be- 
caufe  they  are  to  convey  a  more  important  liquor ;  which  liquor,  befides 
that  ^tis  more  acitated,  and  fpirituous,  is  forcibly  impelled  into  them,  by 
the  ftrong  muicular  contraction  of  the  heart.  And,  'tis  obfervable,  that 
tho*^  the  nerves  ufually  lie  deep,  to  be  kept  both  fafe  and  warm  i  being  very 
liable  to  be  offended  both  by  cold,  and  the  contaA  of  external  bodies  ; 
yet,  as  ^is  neceflary  that  the  optic  nerve  ihould  expand  itfelf  into  the  eye, 
the  memhranes'which  inveft  that  nerve,  and  other  coats  of  the  eye,  except  the 
retina,  are  made  vaftly  more  firm  than  the  Dura^  and  the  Pia  »wtf«^, whence 
they  proceed ;  and  tho*  expofed  to  the  free  air,  are  lefs  fenfible  of  the  cold, 
than  moft  parts  of  the  body ;  and  vrill  bear,  without  danger,  feveral  li- 
quors, and  other  oflfenfive  things,  whofe  pimgency  would  put  other  nerves- 
of  the  body  into  convulfive  motions; 

This  condu A  makes  it  feem,  as  if  God,  like  an  excellent  writing-maffer, 
did,  in  the  great  volume  of  his  creatures,  intend  to  beftow  on  fbme  of  them, 
things  rather  ornamental,  than  neceflkry,  as  flouriihes  on  the  capital 
letters  of  nature;  and  fometimes  to  employ  charaftcrs  of  difierent  ihap.es, 
to  fland  ft)r  the  fame  letters  ;  and^fometinies,  alfb,  to  employ  abbrem- 
tions,  to  exprefs,  in  ihort,  that  whiclrmight  be  very  juftifiable,  bad  it  been 
more  folly  delineated. 

And,  if  we  allow,  as  ^tis  verr  probable,  that  God  defign'd,  by  the 
great  variety  of  his  >Forks,  to  difplay  to  his  intelligent  creatures,  the* 
great  abimdance  of  his  \^fdom  j  *fis  obvious^  that  much  of  the  variety, 
obfervable  in  the  anak^us  parts  of  animals,  may  be  very  conducive  to* 
fo  comprehenfive  a  view  ,•  whereto  the  beauty  of  fome  creatures,  and  parts, 
as  well  as  their  more  neceflary,  or  convenient  ftrufture,  maybe  fubfer- 
vient :  efpecially  if  the  innocent  delight  of  man  be  alfo  intended ;  as  it  feems 
to  be,  in  the  curious  colours,  and  iEapes  of  feveral  flowers ;  irf  the  melo- 
dious mufic  of  birds ;  and,  in  the  vivid,  and  curioufly  variegateH  colours  of 
the  feathers  of  feveral-  winged  animals ;  particularly  thole  that  make  up 
the  peacock's  train. 

'Tis  worth  our  obferving,  that  wc  are  not  near  fuch  competent  judges- 
of  wifdom,  as  of  juftice  and  veradty ;  which  are  efti mated  by  eternal  and 
fixed  bounds,  or  rules,  very  intelligible  to  a  moderate  underftanding.  But, 
as  for  wifdom,  the  more  pro£)und  k  iS',  the  lefs  we  are  able  to  look 

thro* 
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Physics,  thro'  it,  penetrate  to  the  bottom  of  it,  and  judge  knowingly  of  its 
'  /a<£bons.  And  therefore,  tho*  we  may  fafely  conclude,  that  God  afts 
wifely,  when  he  docs  any  thing  that  has  an  admirable  tendency  to  thofe 
ends,  we  juftly  fuppofe  him  to  have  defign'd ;  yet  we  cannot  lafely  con- 
clude in  the  negative,  that  this,  or  that,  is  unwife,  becaufe  we  do  not  dif- 
cern  a  wife  tendency  therein.  For  fo  wife  an  agent  may  have  other  de- 
figns  than  we  know  of,  and  further  aims  than  we  can  difcern,  or  fufpe£l ; 
and  may  have  at  hand,  or  fumiHi  himfelf  with  fuch  means  to  compafs  his 
ends,  and  that  even  by  the  co-operation  of  what  we  think  ufelefs,  or 
improper,  as  are  far  above  the  reach  of  our  conje£hires ;  and  without 
the  knowledge  of  which,  we  ralhly  cenfure  the  wifdom  of  his  proceed- 
ings. 

In  the  double  horizontal  dial,  formerly  mentioned,  it  would  be  raih 
of  any  to  condemn,  or  delpife,  the  various  lines  they  .find  traced  upon  that 
ufeful  inftrument,  becaufe  they  fee  they  are  not  necelfary  to  (hew  the 
hour  of  the  day  ;  fince  the  mathematician,  who  drew  thofe  lines,  may  be 
well  fuppofed  to  have  more  ends  than  one,,  or  two,  in  making  the  inftru- 
ment J  and  not  to  have  drawn  them  by  chance,  or  unskilfvdly,  tbo'  the  in- 
coi^fiderate  cenfurers  do  not  know  for  what  other,  02^  further  purpofes^  - 
the  artift  may  have  defign'd  them. 

Suppofe  iomt  Indian  fiflier-man,  unacquainted  with  European  arts  and 
ai&irs,  ihould  come  on  board  a  man  of  war,  under  fail ;  he  would  quick- 
ly perceive,  by  the  ufc  made  of  the  tackling,  that  this  floating  build- 
ing was  very  artificially  contrived  ;  yet,  if  he  fhould  fix  his  eyes  upon  one 
of  the  guns,  or  the  anchors,  and  perceive  that  no  ufe  was  made,  or 
likely  to  be  made  of  them,  in  failing,  he  would  be  ftrongly  tempted  to 
think,  that  thofe  heavy  maffes  were  ufelefs  clogs,  and  burdens  to  the 
vefTel.  But  if  he  were  told  the  neceffity,  and  ufefulnefs  of  the  guns,  for 
defence ;  and  of  the  anchors,  to  ftay  the  fhip  in  ftorms ;  he  would  pre- 
fently  alter  his  mind,  and  confefs,  that  he  had  blamed  the  contrivers  for 
that,  which  nothing  but  his  ignorance  kept  him  from  commending. 

I  have  dwelt  the  longer  on  this  third  propofition,  becaufe  I  think  it  a 
duty,  that  our  reafon  owes  to  its  author,  to  endeavour  to  vindicate  his 
manifold  wifdom,  in  this  libertine  age ;  wherein  too  many,  who  have 
more  wit  than  philofophy,  labour  upon  Epicurean,  and  fome  even  upon 
Cartefian  principles,  to  depreciate  the  wifdom  of  God  ;  whilft  others  pre- 
fume  to  cenfure  his  contrivances,  in  the  bodies  of  animals. 

I  had  alfo  a  defire,  that  the  reader  fhould  not  barely  obfervc  the  wif- 
<lom  of  God,  but  aftually  be  convinced  of  it.  To  which  purpofe,  in  my 
opinion,  'tis  very  conducive,  if  not  neceffary,  befides  general  notions,  to 
obferve,  with  attention,  fome  particular  inftances  of  the  divine  skill,  where- 
in it  is  confpicuoufly  difplay'd.  'Tis  true,  that  in  the  idea  of  a  Being 
infinitely  perfeft,  boundlefs  wifdom  is  one  of  the  attributes  inclu- 
ded :  but,  for  my  part,  I  am  of  opinion,  that  this  general  and  indefinite 
idea  of  the  divine  wifdom,  will  not  give  us  fo  great  a  veneration  for  it, 
as  may  be  produced  in  our  minds,  by  knowing,  and  confidering  the  admi- 
rable 
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rablc  contrivances  of  the  particular  produftlons  thereof ;  and  their  exqui-   Physi 
fite  fitncls  for  thofe  ends  and  iifes,  to  which  they  appear  to  have  been 
defign'd. 

PROP-    IV. 

We  fought  not  to  be  bafiy  in  concluding  upon  the  Particular  ufeof  a  things  or  th^ 
motive  winch  induced  the  author  of  nature  to  Jrame  it  in  a  peculiar  manner. 

It  has  been  already  ihewn,  that  fome  parts  are  £o  excellently^  and  ma- 
nifeftly  fitted  for  a  cert^a  ufe,  and  fo  much  better  adapted  to  that,  than 
to  any  other ;  as  to  make  it  feem  f)erverfe^  to  doubt  of  its  being  defjgn'd 
thereto-  But  the  like  cannot  be  laid,  in  general^  of  all  the  parts  oi  the 
body;  efpelcially  of  the  internal.  There,  are  many  ufcs,  either  neceffarjj, 
or  highly  conducive  to  the  welfare  of  the  animal,  that  have  no  part  fo 
much  more  conipicuoufly  fitted  for  them  than  another,  as  to  leave  it  eafy 
to  determine  the  true,  and  prinury  offices  thereof;  efpecially,  with  ip. 
much  certainty,  as  thereon  to  ground  philofbphical  in&rences.  And,  of 
this  difficulty,  I  conceive,  there  may  be  four  reafons ;  tho'  they  do  not  all . 
occur  in  each  particular  ca&. 

And,  firft,  the  whole  animal  itfelf^  that  we  confider^  is  a  part  of  the 
univerfe  ^and,  therefore,  cannot  well  befuppofed  to  have  been  framed, 
and  fumifliM  with,  the  parts  it  confl^s  o^  meridy  for  its  own  £ake.  •  A^d^ 
when  we  fay,  that  all  its  parts  are  contrived  to  the  beil  advantage,  to.  (he 
animal ;  I  conceive,  this  is  to  be  £o  underftood,  in  a.  limited  fei^e ;  tlvu: 
the  parts  are  excellently  framed  for  the  wel£ire  of  the  animal,  as  far  as 
that  welfare  is  confiflent  with  the  general  ends  of  the  author  of  nature,  in 
the  conftitution,  and  government  of  the-  univerfe ;  which  ends,  ^  b^caufe 
they  relate  to  the  whole  world,,.  I  call  coixnicaL.  It  has.  not,  indeed,  been 
prov'd,  that  none  of  thefe  cofmlcal  ends  are  difcoverable  by  us  :  however, 
to  difcover  them  all,  is  no  taiy  task.  Yet,  it  feems  prefumptuous  to  fup- 
pofe,  that  the  welfare  of  particular  animals  is  any  farther  defignM,  and 
provided  for,  than  will^  confift  with  the  cofmical  ends  of  the  univerfe,  and 
the  courfe.of  God's  genefar  providence;  to  whi^  his  particular  providence' 
ought,  in  reafon,.  to  bo  fubordinate.  And^  tho*  it  £bem$  great  raihnefs 
in  men,  to  determine  pofitively,  mid  exclufively  of  others,  wiiat  ends  the 
omnifcient  creator  propofed  to  himfelf,  in  giving  to  the  world  its  prefent 
frame  ;  yet,  as  far  as  I  can  hitherto  difcena,  I  fee  nothing  more  lucely  to 
have  been  one  grand  motive  of  fo  great  a.  variet}',  as.  we  obfeive  in  his 
corporeal  works,  efpecially,  in  animals,  than  that  he  might,  by  fo*  many 
very  different  contrivances  as  are  to  be  met  with  in  the  ftnifture  of  men,, 
quadrupeds,  birds,  fifh,  reptils,  .&c.  exercife  and  dilplay  his  manifold 
wifdom.  As  man,  even  upon  account  of  liis  body,  is  acknowledged  the 
moft  perfeft  of  animals.;  if  God  had  barely  defignM  to  give  e\'ery  crea- 
ture the  moil  advantageous  ftrudlure,  it  feems,  that  he  fjiould;  have  made 
no  other  animals  than  men.:^  But, -then,  there  could-  not  hav?  been  that 
diverfity  of  contrivance  among  living  automata,  which  fo  greatly  recom-. 

mends 
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Physics,  mends  the  wifdom  of  him,  who  could  frame  fo  many,  and  fo  differing 
f  animals ;  tho'  not  all  equally  perfeft,  yet  all  admirably  furnilh'd  for  thole 
purpofes  to  which  he  dcfign  a  them.  It  does  not,  therefore,  argue  any 
want  of  providence,  that  he  has  not  fumifli'd  man  with  wings,  nfli  with 
*feet,  and  birds  with  fins  and  fcales.;  becaufe  thefe  parts  would  have 
been  either  fuperfluous,  or  burdenfom,  or  unfuitable  to  his  defign  of  fit- 
ting fome  animals  to  live  on  the  earth,  and  others  in  water :  and  if  he 
dehgnM  any  to  inhabit  both,  he  fumifhcs  diem  with  pans  df  a  peculiar 
ftrufture ;  as  was  formerly  noted  of  the  beaver.  Were  it  not  for  this 
confideration,  it  would  be  hard  to  aiffign  the  reafon  why  vegetables  are 
not  the  food  of  all  animals ;  but  that  fome  fhould  be  carnivorous,  and 
fornifli'd  with  appetites,  land  organs,  to  devour  others,  and  live,  as 
birds  and  beafts  of  prey,  upon  the  weaker.  And  'twill  be  hard  to 
fliew,  why,  even  in  animals  ot  the  fame  kind,  the  fafety  of  fome  (hould 
be  fo  much  better  provided  for  than  that  of  others ;  as  we  iee  fome 
ants,  and  glow-worms,  fumifti'd  with  wings,  and  others  not.  And, 
even  in  aur  own  fpecies,  thofe  4rf  >the  feniale  fex  are  not  fb  happily 
framed,  'in  order  to  their  own^  welfere,  as  males ;  fince  the  uterus,  &c. 
whieh  are  not  neceffary  to  the  good  of  individuals,  but  to  the  propagation 
of  the  fpecies,  fubjedl  that  osnder  fex  to  a  fett  of  difeafes  peculiar  to  them. 
So  that  men  may,  fometimes,  miftake,  when  they  peremptorily  conclude^ 
that  this,  or  that  part  of  an  animal,  m:uft,  or  cannot  have  been  framed 
for  fucha  -particular  xcfe.;  without  cbhudering  the  cofmical,  primary, 
anii  over-ruhng  endSj  that  may  have  been  defign  d  by  nature,  in  tlie  con- 
ffaru£tion  of  the  whole  animal. 

^dly.  Men  fometimes,  erroneoufly,  conclude,  that  fuch  an  office  cannot 
belong  to  fuch  a  part,  becaufe  they  think  it  is  not  fo  com'modioufly 
framed  for  it,  as  might  be  wifti'd ;  without  confidering,  whether  the 
flrufturc  they  propofc,  would  not,  in  fome  other  as  confiderable  refpeft, 
oppofe  the  welfare  of  the  animal ;  or,  whether  it  would  be  confident  with 
the  other  ufes,  defign'd  by  nature,  in  that  fort  of  creature.  For,  in  the 
living  works  of  fo  excellent  an  architcft  as  nature ;  it  muft  not  be  cx- 
pefted,  that  any  particular  end  fliould  be  profecuted,  to  the  prejudice  of 
the  whole :  but  it  muft  rather  be  fuppos'd,  that  fhc  nims,  not  only  at 
particular  expedients,  but  univerfal  fynpmetry ;  while  Ihe  excellently  fits 
the  feveral  parts  for  their  refpeftive  offices ;  tho'  only  fo  far  as  a  due 
regard  to  the  defign,  and  welfare  of  the  whole,  will  permit.  Thus,  as 
we  before  obfervM,  tho'  man  be  allowM  the  mdft  pcrfeftly  fi-amed  of  any 
animal  in  the  world  ,•  yet  his  body  is  not  made  the  model  for  nature  to 
form  the  correfpondent  parts  of  other  animals  by.  The  lungs  of  a  dog, 
a  bird,  a  frog,  aviptr^&c.  are  of  a  ftrufture  very  different  from  thofe 
of  man.  He  \s  not  furnifh'd  with  fo  many  ftomachs  as  an  ox,  or  a 
fheep ;  becaufe  nature  intended  not  that  he  (hould  ruminate  like  them. 
And  tho*  his  gall  be  lodg'd  in  a  peculiar  bag,  within  the  liver ;  yet  'twere 
rafh  to  fay,  that  the  fecretion  of  the  bile  is  none  of  the  ufes  of  thofe  livers, 
wherein  fuch  a  cyftis  is  not  to  be  met  with :  fince,  in  fome  animals,  as 

in 
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in  horfes  and  pigeons^  that  bitter  humour  is  not  ufually,  as  in  man,  £ol*  Physics. 
lefted  into  one  bag :  and  tho'  it  be  fo  in  vipers  \  yet^  as  far  as  I  have 
pbferv'd,  the  containing  cyftis  does  not  at  all  touch  the  liver. 

idlyy  Tis  difficult  to  determine  the  true  and  primary  ule  of  a  part; 
becaufe  nature  often  fits  one  part  for  feveral  ufes. 

And,  /^hly^  it  fometimes  increafes  the  difficulty,  that  nature  may  com- 
pafs  the  fame  ends  by  feveral  means  \  each  of  them  fufficiently  commo- 
dious. I  join  thefe  two  obfervations  together,  becaufe,  in  efteft,  they 
often  concur  to  render  it  hard  to  determine  the  true  ufe  of  a  part.  Nei- 
ther does  nature  conftantly  employ  only  one  part  to  perform  a  particular 
office  I  but  the  defignM  eneft  is,  fometimes,  produced  by  a  feries  of  fuc- 
ceffive  operations,  to  which  feveral  parts  may  differently  ccHitribute. 

Neither  the  mechanifm  of  a  human  body,  nor  of  very  confiderable  pans 
thereof,  is  to  be  affign*d  from  the  bare  ftrufture  of  the  vifible  matter,  whe- 
ther foUd,  or  fluid,  to  be  found  in  the  vefifels,  and  cavities  of  a  dead  bo- 
dy, skilfully  dififeded.  For  the  body  of  a  living  man  is  a  jrery  compounded 
eitfine,  many  of  whofe  fun&ions  are  performed,  not  by  die  blood,  and 
o^or  vifible  fluids,  barely  as  they  are  liquors  ;  but,  pardy,  by  their  cir* 
cuktion,  and  other  motions ;  and,  pardy,  by  a  very  agile,  and  invifible, 
fert  of  fluids,  call'd  fpirits  animal  and  vital ;  pardy,  peiiiaps,  by  little 
^rii^  particles  \  by  fomewhat  -that  may  be  called  die  vital  .poruon  of 

le  air ;  jind,  by  things  analogous  to  local  ferments :  the  impomnt  ope- 
rations dF  all  which,  ceafe  w\m  li& ;  and  the  agents  themfelves  are  not  to 
be  di&ernM  in  a  dead  carcafs.  So  that,  befides  thofe  mAiufefl  u£bs,  which 
the  vifible  fabric  of  the  ei^ine  may  fiiggeft  to  an  anatomifl: ;  there  may  be 
chymical  ufts  of  ibnie  Mrts,  that  ierve  for  the  elaboradon  of  fpint^  and 
cdier  fluids :  which  ufes,  as  we  formerly  obfbrvM,  are  not  fuggefbed  to 
the  miatomift,  by  the  infpe^ion  of  the  ffaraAuie  of  die  parts ;  but,  to 
diicem  them,  may  require  no  ordinary  skill  in  chymical  principles,  and 
operations. 

Such  confiderations  as  thefe,  lead  me  to  think  it  exceeding  difficult  to 
determine,  with  any  certainty,  the  principal  ufe  of  many  particular  parts ; 
efpecially,  if  other  ufes  be  excluded.  It  is  not  enough  to  fecure  us,  that 
we  undei^and  the  chief  funflion,  and  end,  of  a  part,  to  know,  that  it 
is  contrived  for  fuch  a  purpofe ;  fince  this  fitnefs  hinders  not,  but  that 
the  primary  ufe  of  the  part  may  be  another  more  conducive  to  the  general 
weliare  of  the  animal,  or  the  cofmical  ends  of  nature.  And  it  ought  not 
to  feem  ftrange,  that  fbme  pieces  of  workmanfliip,  confifling  oi  many 
parts,  all  of  them  curioufly  contrived,  ihould,  by  one  learned  man,  be 
guefsM  to  be  defign'd  for  this  ufe  ;  and,  by  others,  for  that  j  while  both  of 
them  may  be  worthy  of  the  ardficer. 

When  fome  very  politic  prince  does  a  great  thing,  without  declaring 
why ;  the  guefles  of^  the  flatefmen  arc  often  very  different ;  tho*  none  of 
them  afcribe  to  him  a  defign  unbecon()ing  a  wife  man.  >So,  when  a  leaxair 
ed  author  exprefles  himfett  ambiguouQy;  one  seader  mcerpretshiswQX3di 
to  this  fenfe  5  and  anodier^  to  that:  yet  ^h  iaf  ^die  ^miQps  pitoh^d  on^ 
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Phtsici .  may  fiurly  agree  with  the  context,  and  the  main  fcope  of  thfe  writer.  This 
I  fay,  became  I  would ,  by.  no  means,  difparage  the  wifdom  of  nature^ 
by  pi^fing  the  di£Ecultie$  I  have  hitherto  mentioned ;  tho',  I  confefs, 
that,  upon  the  account  of  them,  and  fome  others ;  I  look  upon  many  ox 
the  arguments  that  feveral  authors  draw  from  final  caufes^  out  as  conr" 
je£hire$»  And>  in  many  cafes,  I  allow  what  is  fi^gefted  to  me,  upon 
the  fuppofition  of  the  intended  ufes  of  particular  parts,  rather  as  proper 
hints  to  excite,  and  direct,  a  more  thoroi:^h  inquiry,  than  as  fafe  ground^ 
to  build  phyfiod  conclusions  on. 

P  R  O  P;    V;. 

*tht  juMToUft  fiouid  notfi^er  the  fearcb^  or  difcovery,  of  final  caufes^  t^ 
make  him  undervalue^  ornegleU^  the  in^iry  afiertbeir  efficients. 

T\^  true,  to  inquire  £ot  what  purpefe  nature  would  have  particular 
t&&a  produced^  is^  a  curiofity  wcothy  of  a  rational  creature.  But  this 
]$  not  the  proper  task  of  a  naturalift ;  whole  work  is  not  ib  much  to  dis- 
cover the  manner  wherein,  as  fixr  what  reafba  particular  t&£ks  are  pror 
duced.  Thus,  an  ignorant  ruftic,  in  EMglana,  knows.  fi)mething  of  a 
watch,,  if  he  is  able  to  tell  you,  that  'tis  an  inftnunent  madi^.  to.  meafiire 
tone  ^  which  is  more  than  every  wlmmcMdCivage  would  be  able  to  iky  ^^and 
more  than  thofe  dvilix'dObiiii/^  jmcw^who  took  the  firft  watch  they  iaw  for 
a  livioff  creature :  yet  the  JEN!giS((^lruftic,  who  knows  no  more  of^a  wat€b» 
than  tut  'twas  made  to  ihew  the.  hour  of  the  day,  underftaiids  but  very 
little  of  the  natureof  that  machine.  And^  as  the  two  things  men  aim  at 
in  phyiics,  are  to  underftand  after  what  manner  nature  procmces  the  phe- 
nomenon we  contemplate  y  and,  in  cafe  it  be  imitabfe  by  us,  how.  we 
may,  if  occafion  requires,  produce  the  like  eflfed,  or  come  near  it;  the£b  ends 
cannot  be  attained  by  the  bare  knowledge  of  the  final  caufes  of  things,  nor 
of  the  general  efficient.  But,  to  anfwer  thofe  intentions,  we  mufk  know  the 
particular, efficients,  with  the  manner, and  progrefs,  of  their  operating;  and 
what  difpofitions  they  either  find,  or  produce  in  the  matter  they  work  on. 
Thus,  he  who  would  thoroughly  underftand  the  nature  of  a  watch,  muft 
not  reft  fatisfyM  with  knowing,  in  general,  that  a  man  made  it  for  fuch 
ufes  ^  but  he  muft,  particularly,  know  of  what  materials  the  fpring,  the 
wheels,  the  chain,  and  the  balance  are  made ;  he  muft  know  the  num-- 
ber  of  the  wheels,  their  magnitude,  ihape,  fituation,  and  connexion,  in 
the  engine  h  and  a&er  what  manner  one  part  moves  another,  in  the  whole 
feries  of  motions ;  from  the  expanfive  endeavour  of  the  fpring,  to  the  re- 
volutions of  the^  index  that  points  the  hours.  And  much  more  muft  a 
mechanic  know  all  this,  if  he  means  to  make  a  watch  himfelf,  or  to  give 
fufficient  infh:u6tions  for  it  to  be  made.  In  fhort,  the  negled  of  efficient 
caufes,  would  render  philofbphy  ufelefs  v  but  the.  ftudious  fearch  after 
them,  will  not  prejudice  the  contemplation  of  final  caufes.  For  the  wife 
author  of  nature  has  fo  excellently  contrivM  the  univerfe,  that  the  more 

dearly^  and  ptrticularLy^  wedifcern  how  fuiuble  the  means  are  to  the 

ends. 


Mnal  Canfif  of  Natwal  Things. 


195 

ends  to  be  obtainM  by  them  ;  the  more  plainly  we  difcern  the  admirable    Physics. 
wifdom  of  the  author  of  things  5  who  is  "  wonderful  in  counfel,  and  ex- 
cellent in  working."  Nor  will  the  fufficiency  of  the  intermediate  caufes 
make  it  needlefs  to  admit  a  firlt,  and  fupreme  caufe  ;  fince  that  order  of 
things,  by  virtue  whereof  thefe  means  become  fufficient  to  luch  ends, 
muft  have  been,  at  fir  ft,  inftituted  by  an  intelligent  caufe-    And  if  it  be 
irrational  to  afcribe  the  excellent  fabric  of  the  univerfe,  and  the  anions 
that  have  manifeft  tendencies  to  determinate  ufeful  ends,  to  fo  blind  a 
caufe  as  chance  \  it  will  be  rather  more  irrational  to  afcribe  to  chance,  the 
firft  formation  of  the  univerfe^  of  which  the  prefent  ftate  of  things  is  but 
the  natural  confequence,  or  eflfeft.     For  it  may,  indeed,  be  plaufibly  fiid, 
that,  in  the  prefent  ftate  of  things,  the  feveral  parts  of  the  univerle  are, 
by  the   contrivance  of  the  whole,  determine,  and  thereby  qualify 'd  to 
obtain  their  ends  ;    but  it  cannot  be,  rationally,  pretended,  that,  at  the 
firft  formation  of  the  world,  there  was  a  fufficiency  in  the  fenfelefs  ma- 
terials of  it,  without  any  particular  guidance  of  a  wife  fuperintendent,  to 
frame    bodies  which  are  fo  excellently    contrived,  and  fitted  to    their 
refoeckive  ends. 

upon  the  whole,  it  appears,  that  all  confideration  of  final  caufes,  is 
not  to  be  banifh'd  from  natural  phitofophy »  but  that  'tis  rather  allowable  *, 
and,  in  fome  cafes,  .^mmendable,  to  argue,  from'  the  manifeft  ufes  of 
things,  that  the  author  of  nature  pfe-ordain*d  them ;  that  the  fun,  and 
moon,  with  the  other  celeftial  bodies,  excellentiy  <te<^e  the  power,  wif- 
dom, and  glory  of  God  s  and  were,  fome  of  thciti,  among  other  purpo- 
fes,  made  to  be  ferviceable  to  man ;  that,  ft'om  the  fuppos'd  ends  of 
inanimate  bodies,  whether  celdtial,  pr  fwblunary,  ^tis  very  unfafe  to 
draw  arguments,  to  prove  the  partioilar  nature  of  thofe  bodies,  or  the 
true  fyftem  of  the  univerfe  ;  that,  as  to  animals,  and  the  more  perfect 
fort  of  vegetables,  'tis  warrantable  to  fay,  particular  parts  were  pre- 
ordained to  particular  ufes,  relating  to  the  welfare  of  the  animal,    or 


^  Final  caules  are  allowable  in  phito- 
fophy ;  and  Sir  I/aae  Newton  himfelf, 
fcruples  not  to  alBgn  them  in  the  ftrufhire 
and  contrivance  of  the  univerfe.  And  of 
this  we  have  a  remarkable  example  in 
his  dofirine  of  comets.  "  Comets,  ^fays 
•*  that  admirable  philofbpher)  by  reafon 
"  of  the  great  number  or  them,  the  vaft 
*^  diftance  of  their  aphelia  from  the  fun, 
^  and  the  confiderable  ftay  they  make 
**  there,  muft  ncceflarily  receive  iome  di- 
"  fturbance  from  their  mutual  gravita- 
"  tions  to  each  other.  Whence  their  ec- 
"  centricities,  and  times  of  revolution, 
^  will  fometimes  be  a  little  increas'd,and 


<c 


at  others,  diminifh'd*  We  are  not, 
"  therefore,  to  expeft,  that  the  fame  co- 
**  met  {hall  always  exaQly  return  in 
*^  the  fame  orbit,  at  the  fame  period 
"  of  time.——  And  hence  appears  the 
**  reafon  why  comets  move  not  in  the 
^*  zodiac,  a.s  the  planets  do ;  but  ftray 
*'  from  it,  in  various  motions,  to  all  the 
**  parts  of  the  heavens  :  for,  in  their  a- 
**  phelia,  where  their  motion  is  floweft, 
**  they  ought  to  be  at  the  greatefl  di» 
'^  ftance  from  one  another,  that  their 
'^  mutual  attraQions  may  be  the  lefs« 
Newton.  Puncif.  p.  480. 
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PttTsics.  plant  'itfelf,  or  to  hs  ^cies ;  but  dnt  fuch  t^ments  may  etiil^  de« 
^/Sr^/  ceive,  if  choie  who  f<»tn  them  ate  lux  tcet  cautious  to  avoid  miftaJut^ 
among  the  various  ends  that  oamre  may  nave  in  the  coutnvanoe  of  an 
animal  body,  and  the  varidus  ways  which  ffae  may  fnccefsfiilly  take  to 
compafs  the  lame  ends ;  and  laftly,  it  appears,  that  a  i^ofopher,  never- 
thele£s,  muft  not  let  the  ftardi,  or  knowledge  of  &al  caufes,  make  him 
negleA  a  care&l  inqtnry  after  elBdents. 
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SECT.    L 

IT  appears  to  me^  that,  among  the  obje£b  of  our  reafon,  there  are  v^gt  mUv^ 
fome,  whofe  nature  we  cannot  comprehend  i  others,  whofe  attri-  J^Jl!'  ^  *^ 
buteS)  or  aftions,  we  cannot  reconcile  to  the  fubjeft;  and^  laftly, 
others,  that  we  cannot  conceive  how  they  fliould  confift  with  fome  acknow* 
ledg^d  truth :  and  thefe  may  be  cail'd  things  above  reafon.  By  which  I 
here  underftand,  not  fuch  things  as  are  &lfe,  and  abfurd ;  but  fuch 
as,  tho'  the  underftanding  fees  fufficient  caufe  to  aiTent  to,  yet  finds  itfelf 
reduced  to  this  aHent,  with  a  remarkable,  and  peculiar,  difadvantage; 
And  this  difadvanta^,  uiiially,  proceeds  either  irom  the  nature  of  die 
thing  propofed  i  which  is  fuch,  mat  we  cannot,  iufficiently,  comprehend 
it ;  or,  from  our  being  unable  to  conceive  the  manner  of  its  exiftence,  and 
operation ;  or,  becaufe  it  involves  fbme  notion,  or  propofition,  that  we 
fee  not  how  to  reconcile  with  fome  other,  which,  we  are  perfuaded,  is 
true.  The  firft  of  thefe  three  forts  of  things,  may  be  callM  incomprehen- 
iible ;  the  fecond,  inexplicable ;  and  the  third^  unfociable. 

The  firft  confifts  of  thofe  things,  whofe  nature  is  not  diftinf^ly,  and  ad-  Umf^ihmgVk 
equately,  comprehenfible  bv  us ;  to  which,  perhaps,  we  may  refef  alt  fudi 
intellectual  Beings,  if  any  oe  granted,  as  are,  by  nature,  of  an  Mgher  or* 
der  than  human  fouls ;  at  leau,  we  may  refer  to  this  head  the  great  au- 
thor of  nature. 

The  fecond  fort  of  things  above  reafon,  confifts  of  fuch  as,  tho*  we  do  not  TmniiifM^ 
deny  to  exift,  yet  we  cannot  clearly,  and  fatisfaCtorily,  conceive  how  they 
can  be  what  we  acknowledge  they  are :  as,  how  matter  can  be  infinitely  di- 
vifible ;  and  how  there  fliould  be  fuch  an  incommenfurability  betwixt  the 
fide,  and  diagonal,  of  a  fquare,  that  the  fmalleft  line  cannot^  adequatdy^ 
meafure  them  both.  The 
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Physics,       The  third  fort,  are  things  incumber^  with  difficulties,  and  objeftions, 
^^^^Q^  ^hat  cannot  direftly,  and  fatisfaftorily,  be  removed  by  thofe  who  ac- 
'*'*^'*   '       quiefce  in  the  received  rules  of  inferior  fciences,  and  reafon  but  at  the 
common  rate;  fuch  ob jefts  of  contemplation  having  fomething  belonging 
to  them,  that  appears  irreconcilable  with  fome  very  manifeft,  or  acknow- 
ledged truths. 

Thus,  that  man  has  free  will,  at  leaft  with  regard  to  civil  matters,  is 
tlic  general  corifeffipn  of  the  fpecies  :  all  the  laws  that  forbid,  and  jjumfli, 
murder,  adultery,  theft,  and  other  crimes,  being  founded  upon  a  fuppo- 
fition,  that  men  have  a  power  to  forbear  committing  them  :  and  the  fenfe 
men  have  of  being  poflefled  of  this  power  over  their  own  aftions,  is  great 
enough  to  make  malefeftors  acknowledge  their  punilhments  juft ;  being 
condemned  by  their  own  confciences,  as  well  as  by  their  judges.  Yet  the 
gener^ity  of  mankind  afcj:ibe  to  God  an  infallible  prefcience  of  human 
aftions.  But  how  a  certain  fore-knowledge  can  be  had  of  contingent 
things,  and  fuch  as  depend  upon  the  free-will  of  man,  is  that  which  we 
are  unable  clearly  to  comprehend.  And,  doubtlefs,  'tis  hard  to  conceive, 
how  an  infinitely  perfeft  Being  fhould  want  prefcience  i  or,  that  our  will 
Ihould  want  the  liberty  we  almoft  perpetually  exercife. 

Again,  geometricians  teach  -the  <livifibility  of  quantity  ad  infinitum^  to 
be  mathematically  demonflrable.    Suppofe,  then,  a   flrait  line,  of  three 
feet  long,  divided  into  two  parts,  the  one  double  to  the  other ;  now  a 
line  of  two  feet  is  divifible  into  infinite  parts,  or  it  is  not  j  if  you  fey  it  is 
not,  you  contradift  a  demonflration ;  if  you  fay  it  is,  you  muft  confefs, 
either  that  the  line  of  one  foot  is  divifible  into  as  many  parts  as  the  line 
of  two  feet ;  or  elfe,  that  the  infinite  parts  into  which  the  line  of  one  foot 
is  granted  to  be  divifible,  is  exceeded  in  number  by  the  parts  into  which 
the  line  of  two  feet  is  divifible  ;  and,  confequently,  that  the  line  of  two 
feet  has  a  multitude  of  parts,  greater  than  infinite.    Which  reafoning  may 
let  us  fee,  that  we  may  be  reduced,   either  to  rejeft  inferences  fairly 
drawn  from  manifefled,  or  granted  truths,  or  to  admit  conclufions  that 
appear  abfurd  ;  if  we  will  have  all  the  common  rules,  whereby  we  judge 
oi  other  things,  to  be  applicable  to  infinites.     Hence  it  is  clear,  in  the 
general,  that  there  may  be  things  which  furpafs  our  reafon  ;  at  leafl,  fo 
thin^hMti    iar,  as  not  to  be  judg'd  of  by  the  meafures  and  rules  ufed  in  judging  of 
ordinary  occurrences  :   for  which  reafon,    I    fhall  call  them   privileged 
things. 
the  imp^eaion     But,  to  manilcft  the  imperfections  of  our  reafon,  with  regard  to  privi- 
j^fce  htmsn    j^g>j  things,  we  need  not  have  recourfe  to  the  divine  nature :  a  mathe- 
matical demonftration  may  ferve  the  timi.     Foi',  fuppofe  a  great  circle,  di- 
vided into  its  360  degrees ;  and  fuppofe  any  number  of  jftrait  lines,  drawn 
from  the  feveral  aflignable  parts  of  fome  one  of  thcfe  degrees,  to  the 
ccntie  ;  *tis  manifcfl,  that  the  degrees  being  equal,  as  many  lines  may  be 
drawn  from  any  other ;  and  fo  from  every  one  of  the  reft. 

Tlien,  luppofe   a  circular  arch,  equal  to  the  afTumed  degree,   to  be 
further  bent  into  the  circumference  of  a  little  circle,  concentrical  with  thiC 

great 
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great  one  ;  it  follows,  from  the  nature  of  a  circle,  that  the  femi -diameters  Physics. 
of  it,  how  many  foever  they  be,  can  no  where  touch  one  another,  but  in 
the  centre.  Whence  ^tis  evident,  that  all  the  lines,  drawn  from  the  cir- 
cumference to  the  centre  of  the  greater  circle,  muft  pafs  thro'  diflferenc 
points  of  the  circumference  of  the  fmdler ;  and,  confequently,  that  as  many, 
lines  as  can,  even  mentally,  be  drawn  from  the  feveral  points  of  the  cir^ 
cumferencc  of  the  great  circle  to  the  common  centre  of  both  circles,  muft 
all  pafs  thro'  different  points  of  the  little  circle ;  and  thereby  divide  it  into 
as  many  parts  as  the  greater  circle  is  divided  into.  Here,  then,  the  cir- 
cumference of  the  le{fer  circle  prefents  us  with  a  ciurve  line,  which  was 
not  poffibly  divifible  into  more  parts  than  an  arch  of  one  degree,  or  th« 
3(Jo*»  part  ef  the  circumference  of  the  greater  circle;  yet,  without  being 
lengthened,  it  becomes  divifible  into  as  many  parts  as  the  whole  ciroum^ 
ference  of  the  fame  greater  circle.  And,  tho*  we  fliould  fuppofe  the  circum- 
ference of  the  internal  circle  not  to  exceed  one  inch  ;  and  that  of  the  exte- 
rior circle  to  exceed  the  circumference  of  the  terreftrial  globe,  or  Orbis 
maguus  itfelf ,-  ftilLthe  demonftration  would  hold. 

And,  furely,.  'tis  very  agreeable,  both  to  the  nature  of  Cod,  and  to  that 
of  man,  that  fuch  things  as  thefe  fliould  prove  true  j  for  we  miftake,  and 
flatter  human  nature  too  much,  when  we  think  our  underftanding  fo  un- 
limited, both  in  point  of  capacity,  and  of  extent ;  and  fo  free,  and  un- 
repoflfefs'd,  as  many  philofophers  feem  to  fuppofe.  For,  whatever  our 
elf-love  may  incline  us  to  imagine,  we  are  really  but  created,  and  finite 
Beings,  and  come  into  the  world  but  fuch  as  it  pleas'd  the  moft  free  au- 
thor of  nature  to  make  us.  And^  from  this  dependance,  and  limitation 
of  ournatures,  it  follows,  not  only  that  we  maybe  bom  with  certain  im-^ 
preffions,  appetites,  or  tendencies  of  mind  ,•  but  alfo,  that  the  means  given 
us  to  employ  in  the  fearch,  or  judging  of  truth,  are  only  proportionable 
to  the  defign  of  our  make ;  and,  therefore,  may,  probably,  be  fuppofed 
not  able  to  reach  all  kinds  of  truths  ;  many  of  which  may  be  unnecef&ry 
for  us  to  know  here  :  and  fbme  may  be  reiervM,  to  render  us  fenfible  of 
the  imperfeftions.of  our  natures,  and  to  make  us  a&ire  to  that  condition,.- 
wherem  our  faculties  flialL  be  much  enlarged,  and  neighten'd.  It  feems 
not,  therefore,  unreafonable  to.  think,  both  that. God  has  fo  limited  our 
faculties,  that,  in  our  prefent  ftate,  there  fliould  be  fome  objefts  beyond 
the  comprehenfion.  of'  ovcc  underflandings,  or,  that  fome  of  his  crea- 
tures fliould  not  be  able  pcrfeftly  to  underftand  fome  others ;  and  yer,  that 
he  has  given  us  light  enough  to  perceive,  that  we  cannot  attain  to  a  clear, 
and  full  knowledge  of  them^ 

I^mayhejse,  indeed,  be  objefted,  that  tho*  the  inflances.given,  liave  not 
been  hitherto  elear'd  by  the  light  of  reafon, .  yet,  'tis  probable,  they  niay 
be  fo  hereafter  j  confidering  how  great  a  progrefs  is,  from  time  to  time, 
madorin  the  difcoveries  of  nature.  I .  anfwer,  that  I  imagine,-  what  future 
difcoveries  are  made,  will  chiefly  concern  thofe  things  which  either  we  are 
ignorant  of,  for  want  of  a  competent  hiftory  of  nature ;  or  miftake, , thro' 
erroneous  grepoifeffions,  or  for  .want  of.fxeedom,,and.attentiQD»  m  eur 

fpecu- 
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Phtsici •  fpecnktions.  But  as  to  all  metaphyfical  difficulties,  wfaemn  neither  mat* 
^^f^J  ters  of  fiifty  tior  the  fajrpodiefes  dt  fubordinate  parts  of  teaming  are  of 
force,  we  have  Utde  to  ezpeft.  And^  howevet  it  be  as  to  other  at^ruft 
objedb ;  I  am  very  apt  to  tlunk,  there  are  fome  things  relatii^  to  the  in-^ 
finite  Being,  which  will  ftill  remain  inoomprehenfible,  even  to  pIulo(b« 
phical  underfkandings.  I  can  icarce  hope  to  fee  thofe  obftacles  fiir- 
mounted,  that  proceed  not  from  any  pedonal  infirmity,  or  eatable  faultsi» 
but  from  the  limited  nature  of  the  human  mind.  Befides,  as  mankind  may 
hernfter  explain  fome  of  diofe  grand  difficulties,  which  have  hitherto 
perplexed  philofophers ;  fo  dieir  inquiries  may,  poffibly,  lead  them  to  dif- 
cover  new  difficulties  more  perplexing  than  the  firft.  For,  even  amoi^^ 
the  thines  wherewith  we  are  amady  acquainted,  there  are  many  which 
we  ttunl  we  know,  <mly  becauie  we  never,  with  due  attention,  try'd 
whedier  we  can  frame  fuch  ideas  of  them,  as  are  dear,  and  woithjr  iot 
a  rational  mind  to  aoquieice  in.  This  appears  &om  the  great  intricacy 
that  oonfidering  men  find  in  the  notions  commonly  reodvVl  of  ipMC,  time^ 
and  motion,  &c.  and  the  difficulties  of  firamii^  clear,  and  ikdmi&ory  ap-> 
prehenfions,  «ven  of  fuch  obvious  tlung&  We  fee  alio,  that  the  angle  of 
conta^  the  do£bine  of  afymptotes,'  and  that  of  furd  number^  and  in- 
commmfnrabk  tioes^  aH  which  give  no  oonoem  to  common  aooomptants 
wad  fiirvqms,  P^>1^  ^  greateft  mathematicians.  Hence  the  growing 
curiofinr  of  manldnd  is  not  more  likely  to  iblve  fome  difficulries^  than  t# 
raiie  omers  ;  which  may  prove  more  infnperabfe  than  tb^. 

The  modonof  a  coach*wheel  is  fo  crfyvious,  and  feems  m  plain  a  thing; 
that  the  coach-man  never  looks  upon  it  with  wonder  j  yet'after^ri)2«ri!phad 
taken  notice  of  the  difficulty  that  occurred  about  it,  this  trivial  phenome- 
non has  perplexed  even  &mous  mathematicians,  and  continues  yet  to  do 
fo :  there  being  fome  circumftances  in  the  progrefllve  motion  and  rotation 
of  the  circumference  of  a  wheel,  and  its  nave ;  or  of  two  points  affignM, 
the  one  in  the  former,  and  the  other  in  the  latter,  that  have  appeared  too 
fubtilc  for  modem  writers. 
Jifitr  vUt  And  here  we  may  obferve,  that  reafbn  operates  according  to  certain 
^^^l^^  ideas,  axioms,  and  propofitions,  wherewith,  as  by  rules  and  meafures,  it 
conceives,  eftimates,  and  judges  of  things.  Ana,  indeed,  when  we  fay, 
that  a  thin^  is  confonant  or  repugnant  to  reafon,  we  mean  ufually,  that  it 
is  either  immediately  or  meoiately  deducible  from,  or  at  leaft  confiftent 
with,  or  contradiftory  to  one  or  other  of  thefe  ftandard-rules  or  notions. 
But  if  thefe  rules  and  notions  be  fudi  as  are  drawn  only  from  finite  things, 
or  are  agreeable  but  to  thofe ;  they  may  prove  ufelefs  or  deceitful,  when 
wego  to  ftretch  them  beyond  their  meaiure,  and  apply  them  to  infinites. 

To'illuftrate  and  confarm  this  notion.  AH  the  tnings  that  we  naturally 
do  or  can  know,  may  be  divided  into  fuch  as  we  may  acquire  without  a 
medium,  and  fuch  as  we  cannot  attain  to,  but  by  the  intervention  of  a 
medium,  or  by  a  difcurfive  aft.  To  the  firft  belong  fuch  notions  as  are  fup- 
oofed  to  be  connate ;  as,  that "  Two  contradiftories  cannot  be  both  true  /* 
'*  The  wh<rfe  is  greater  than  a  part  thereof  i"  ^*  Every  whote  number  is 

either 
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either  even  or  odd  \^  &c.  as  alfo,  thofe  other  truths,  that  are  aflfent-  Physics. 
ed  to  upon  their  own  account,  without  needing  any  medium  to  prove 
them ;  becaufe  that,  as  foon  as  by  clear  terms,  or  fit  examples,  they  are 
plainly  propofed  to  the  underftanding,  they  difcover  themfelves  to  be  true 
lb  manifeftly  by  their  own  light,  that  they  want  no  propofition  to  make 
the  imderft^nding  acquiefce  in  them.  Of  this  kind  are  fome  o{  Euclid* s 
axioms ;  for  inftance,  "  If  to  equal  things  equals  be  added,  the  totals  will 
be  equal." 

To  the  fecond  fort  of  things  knowable  by  us,  belong  all  that  we  acquire 
bythe  aft  of  reafoning  ;  wherein,  by  means  of  propofitions  or  mediums, 
we  deduce  one  thing  from  another ;  or  conclude,  affirmatively  or  nega- 
tively, one  thing  of  another.  This  being  fuppofed,  and  we  being  con- 
fcious  to  ourfelves  that  we  are  not  the  authors  of  oixr  own  nature  ;  all  the 
experience  we  have  hitherto  had,  leads  us  to  think,  that  the  meafures  fug- 
gcfted  to  us^  either  by  lenfations,  the  refults  of  fenfible  obfervation,  or 
the  other  inftruments  of  knowledge,  are  fuch  as  fully  reach  but  to  finite 
things ;  and,  therefore,  are  not  farely  applicable  to  others.  And  many  of 
thofe  principles  that  we  think  very  general,  may  be  only  gradual  notions 
of  truth;  and  but  limited  and  refpeftive,  not  abfoluteand  univerfal. 

And  tho'  perfeft  fyllogifms  be  counted  the  beft  and  moft  regular  forms, 
that  our  reafonings  can  aflume ;  yet  even  the  laws  of  thefe  are  grounded  on 
the  doftrine  of  proportions;  for  even  between  things  equal,  there  may  be 
a  proportion.  Upon  this  ground,  I  fuppofe,  it  is,  that  mathematical  de- 
monfbrations  have  been  publicly  propofed  of  the  grand  fjdlogiftical  rules. 
And,  in  confequen^e  hereof,  geometricians  tell  us,  there  is  no  proportion 
between  a  finite  line  and  an  infinite  ;  becaufe  the  former  can  never  be  fo 
often  taken,  as  to  exceed  the  latter ;  which,  according  to  Euclid's  defini- 
tion of  proportion,  it  fhould  be  able  to  do.  Since  then,  tfie  underftanding 
operates  but  by  the  notions  and  truths  'tis  furnifhM  with,  and  fince  thefe 
are  its  inftruments,  by  proportion  to  which,  it  takes  meafures,  and  makes 
judgments  of  other  things ;  fuch  inftruments  may  be  too  difproportionate 
to  fome  objefts,  to  be  fecurely  employed  to  determine  feveral  particulars 
aboin:  them.  Thus,  the  eye  being  an  inftrument  which  the  underftanding 
employs  to  cftimate  diftances,  we  cannot  by  that,  fafely  take  the  breadth 
of  the  ocean ;  becaufe  our  fight  reaches  not  far  enough,  to  difcover  the 
extent  of  fo  vaft  an  objeft.  And  the  common  inftruments  of  furveyors^ 
that  would  fer\'e  to  meafure  the  height  of  a  houfe  or  a  fteeple,  or  even  of 
a  mountain,  cannot  enable  them  to  take  thediftance  of  the  moon.  But  when 
aftronomers  take,  by  fuppcfition,  a  line  that  reaches  from  the  furface  to  the 
centre  of  the  earth,  tho  by  the  help  of  this,  and  the  parallax,  they  may 
tolerably  meafure  the  diftance  of  the  moon ;  yet,  with  all  their  great  in- 
duftry,  they  cannot,  by  the  fame  way,  with  any  tolerable  accuracy,  mea- 
fure the  diftance  of  the  ftars ;  the  femi-diameter  of  the  eanh  bearing  no 
fenfible  proportion  to  that  of  fo  vaft  a  fphere,  as  makes  their  parallax 
vanifh :  it  being  all  one  to  fenfe,  whether,  at  fo  great  a  remove,  a  ftar  be 
obfervM  from  rfie  centre,  or  from  the  fmface  of  the  earth.    Thus  when  \ 
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Physics,  think  of  a  triangle  or  a  fquare,  I  find  in  my  ima^nation,  an  intuitive  idea 
^^  '  of  thofe  figures ;  that  is,  a  pidhire  clear  and  difhndt,  as  if  a  figure  of  three 
fides,  or  of  four  equal  fides  and  angles,were  placed  before  my  eyes.  But  if 
I  would  fancy  a  myiiagon,  or  a  figure  confifting  of  ten  thoufand  equal 
iidesj  my  imagination  is  overpowered  with  fo  great  a  multitude  i  and 
frames  but  a  confufed  idea  of  a  polygon,  with  a  very  great  many  fides. 
For  if  a  man  (hould  endeavour  to  frame  ideas  of  a  myrii^on,  or  a  chiliagon, 
they  would  be  both  fo  confufed,  that  his  ima^nation  would  not  be  able 
clearly  to  difcriminate  them;  tho'  the  one  has  ten  times  as  many  fides  as 
the  other.  Thus,  if  you  would  imagine  an  atom,  of  wUch  perhaps  ten  thou- 
fand would  fcarce  make  up  the  bulk  of  one  of  the  li|;ht  particles  of  dufl, 
that  plays  in  the  fun-beams ;  fo  extraordinary  a  mmutenefs,  not  having 
fiiUen  under  any  of  our  fenfes,  cannot  truly  be  reprefented  in  our  imagina- 
tion. So,  wlien  we  fpeak  of  God's  omnipotence,  and  other  of  his  infinite 
attributes  and  perfections ;  we  have  fome  conceptions  of  the  tlungs  we 
ibeak  of,  but  may  very  well  difcem  them  to  be  inadequate.  And  tho* 
ieveral  propofidons,  reJating  to  things  above  reafim,  ieem  clear  enough  to 
orctinary  capacities ;  vet  he  who  fliaU,  with  a  competent  attention,  curio- 
fity,  and  skill,  confider  and  examine  them,  will  find  that  either  their  parts 
are  inconfiftent  with  one  another,  or  that  they  involve  contradi&ions  to 
fome  acknowledged  or  mani&ft  truth,  or  are  veil'd  over  with  darknefs,  and 
encumbered  with  difficulties,  from  whence  we  are  not  able  to  refcue  them. 
Thus^  when  the  fide  and  (Uagonal  of  a  fquare  are  propofed>  we  have  dear 
and  diftindt  ideas  of  each  of  them  a-part ;  and  when  they  are  compared, 
we  may  have  a  conception  of  their  incommenfurability ;  yet  this  negative 
notion^if  it  be  thoroi^hly  confider  d,  and  £ar  enough  puriued,  clearly  con- 
tains that  of  a  ftrait  line  being  divifible  in  infimtum :  and  this  divifibility  is 
encumbered  with  fo  many  difficulties,  and  is  fo  hard  to  be  reconciled  to 
fome  confefs'd  di£bites  of^  reafon,  that  philoibphers  and  geometricians^ 
tho'  convinced  of  the  truth,  are  to  this  day  labouring  to  extricate  them- 
felves  out  of  thefe  perplexing  intricacies. 

'Tis  evident,  that  fome  fubftance  or  other,  whether  God,  the  world,  or 
matter,  never  had  a  beginning ;  that  is,  has  been  for  ever.  But  when 
we  fpeak  of  an  eternity  a  parte  ante,  as  they  call  it,  we  do  not  fpeak  of  a 
thing  whereof  we  have  no  conception  at  all ;  as  will  appear  to  a  confidering 
perlon  :  yet  the  general  notion  we  have,  is  fuch,  that  when  we  come  atten- 
tively to  examine  it,  by  the  fame  ways  whereby  we  judge  of  almoft  all 
other  things,  the  underftanding  is  confounded :  for  we  muft  conceive,  that 
the  time  efflux'dfince  the  firfl  man  began  to  live,  bears  no  greater  proportion 
to  the  duration  of  God,  or  of  matter,  than  a  moment.  And  as  there  are  fome 
things,  whofe  nature  and  confequences  puzzle  our  faculties;  there  are 
others,  whereof  tho  we  have  a  notion,  yet  the  Modus  operandi  is  beyond  our 
comprehenfion.  I  do  not  mean  only  the  true  and  certain  Modus  operandi, 
but  even  an  intelligible  one.  Thus,  tho*  many,  efpecially  Cartejians,  and  that 
upon  a  philofbphical  account,  adert  that  God  created  the  world ;  yet,  how 
a  fubfUnce  could  be  made  out  of  nothingi  I  fear^  we  cannot  conceive. 

And 
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And  tho'  all  philofophers,  very  few  excepted,  believe  that  God  made  Physics. 
the  world,  out  of  pre-exiftent  matter ;  yet  how  he  could  make  it,  but  by 
locally  moving  the  parts  of  the  matter  it  was  to  confift  of  ,•  and  how  an 
incorporeal  fubftance  can  move  a  body,  which  it  may  pafs  thro'  without 
rcfiftance,  will  be  foimd  hard  to  explain.  If  it  be  faia,  that  die  foul  being 
an  immaterial  fubftance,  can  neverthelefs  move  the  limbs  of  the  human 
body,  rightly  difpofed  i  I  anfwer,  it  does  not  appear  that  the  rational 
fcul  gives  any  motion  to  the  parts  of  the  body,  but  only  guides  or  regu- 
lates that  which  (he  finds  in  them  already. 

Thus  then,  by  making  obfervations  of  fuch  things  as  are  the  proper 
objefls  of  our  faculties,  and  by  drawing  juft  confequences  from  fuch  ob- 
fervations, and  from  our  other  knowledge,  we  may  come  to  be  certain 
that  fome  things  exift,  and  fo  have  general  and  dark  ideas  of  them  j  when, 
at  the  fame  time,  we  are  at  a  lols  to  conceive  how  they  can  be  fuch,  or 
how  they  can  operate  and  perform  what  they  do ;  fuppofing  the  truth  and 
fufficiency  of  fome  other  things  we  are  convinced  of.    To  be  ftiort,  nega- 
tive appreheniSons  we  may  have  of  fome  privileged  things,  and  pofitive, 
but  indiftinft  apprehenfions  of  others ;  and  that  is  enough,  in  fome  fort,  to 
make  us  underftand  ourfelves,  and  one  another,  when  we  fpeak  of  them : 
tho'  when  we  fufficiently  confider  what  we  fay,  we  may  find,  that  oiir 
words  are  not  accompany M  with  clear,  diftinft,  and  fymmetrical  concep- 
tions of  thofe  abftrufe  and  perplexing  things  we  fpeak  of.     And  fince  we 
find,  by  experience,  that  we  are  unable  fufficiently  to  comprehend  things, 
which  by  clear  and  juft  confequences  may  be  proved  to  exift ;  this  ftrongly 
argues,  that  fome  of  our  conceptions  may  be  of  things  whereto  fomewhat 
belongs,  that  tranfcends  our  reafbn,  and  ilirpades  our  comprehenfion.    So 
that  when  natural  philofbphy  had  taught  men  to  believe  God  to  be  an 
infinitely  perfeft  Being,  we  ought  not  to  fay,  that  they  liad  no  idea  of 
fuch  a  Beine,  becaufe  they  had  not  a  clear  and  adequate  one.     And  fince 
Ariftotle  profcflTedly  difcourfes  of  infinity,  and  cites  the  ancienter  philofo- 
phers for  having  done  fo  before  him  ,•  and  fince  Democritusy  Epicurus^  Gaf^ 
Jendus,  and  others,  maintain  either  that  the  world  is  boundlefs,  or  that 
fpace  is  not  finite  in  extent,  or  that  the  world  confifts  of  atoms,  infinite  in 
number ;  we  muft  not  fuppofe,  they  faid  they  knew  not  what,  as  they 
muft  have  done  if  they  wrote  without  ideas  of  the  things  they  treated  of: 
tho'we  may  juftly  fay,  that  the  fubjefl  being  infinite,   the  ideas  they 
framed  of  it,  could  not  be  comprehenfive  and  accurate.    Thus,  when  the 
eye  looks  into  a  deep  fea,  tho'  it  may  pierce  a  little  way  into  it;  yet  when  it 
would  go  deeper,  it  only  difcovers  fomewhat  dark  and  indiftinft,  which 
affefts  the  organ  fo  differently  from  what  other  more  genuine  objefts  do, 
that  we  thence  eafily  difcern  our  fight  fails  us  in  the  way,  before  it  arrives 
at  the  bottom ;  and  confequently,  that  there  may  be  many  things  con- 
cealed there,  which  our  fight  is  unable  to  reach.     But  if  we  really  find 
there  are  things  which  our  reafon  cannot  comprehend,  then,  whether  the 
account  I  have  given,  why  our  faculties  prove  infufficient  for  thefe  things, 
be  good  or  not;  there  muft  be  fome  true  account  or  other  of  that  infum- 
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Physics,  ciency.    And  ibme  things  muft  appear  to  us  ib  fuUime  and  alitftrttfi;^  dh(|f 
lynrv/  we  are  unable  to  comprehend  them,  and  to  cUfcem  fo  much  %$  (hf  realoa 
why  they  cannot  be  comprehended  by  us. 

Upon  the  whole^  then,  we  may  reafonabiy  (uppofe,  that  tbe  great  wsh 
thor  of  nature  £>  framed  man,  as  to  have  nimim'd  his  tateU^iva  £|Vulty 
with  a  light,  whereby  it  can,  not  only  eftunate  the  power  of  H  omltttude  9^ 
other  things^  but  alfo  judge  of  its  own  nature  and  pow«r»  and  difc^riK 
fome  of  the  limits^  beycmd  which  it  cannot  fafely  exercite  i^s  a4l  of  iM&og^ 
and  defining.  But  the  rational  foul  does  not  only  pals  judgMnt  oi  the 
things  without  her,  but  about  herfel^  and  what  paibs  witbio  her :  flie 
fearches  out,  and  contemplates  her  own  fpirituality)  and  union  wkh  t^ 
body.  The  intelleA  judges  wherein  its  own  nature  coofifts^  and  whether^ 
or  no  itfelf  be  a  diftin^  faculty  from  the  wilL  And  to  come  yet  dofefji 
logic  and  metaphyfics  are  the  works  of  the  human  mind ;  whicfa^  by  framinn^ 
thofedi{€iplines,mamfrft$  that  it  not  only  judges  ofrea£»iing,  but  of  the  very, 
principles  and  laws  thereof ;  teaching  what  tlungs  are  neceflkry  to  obtain 
evidence  and  certamty,  and  what  kind  of  mediums  they  are^  from  wheocq 
we  muft  not  expedl  any  demonftradve  arguments  sdatiug  to  a  fubjeft, 
Thus,  if  we  compare  the  bodily  eye  with  the  u]iderftanding»  which  is  tbo^ 
eye  of  themind;  we  muft  allow  this  difierence,  that  die  infieUed  is  #s  wel) 
a  looking-glafs  as  a  fenfdr]^ ;  fince  it  does  not  only  fee  other  tfaingSi  but  it-> 
ielf  too,  and  can  ctifcem  its  own  bkmiihes,  bad  conforma^oo^  w  what- 
ever other  infirmities  it  labours  under.  The  ibul)  theref<M:e>  when  dulv 
excited,  is  fumifliM  with  a  light  that  may  enable  her  to-  j»^,  evi^a  os 
many  of  thofe  original  notions^  by  which  ftie  judges  of  other  things,  la 
fhort,  the  foul,  upon  trial,  may  find,  by  an.  inward  lenie,  that  fbme  things 
furpafs  her  ioste ;  as,  a  blind  man  being  Ctt  to  lift  up  a  rock»  would 
quickly  find  it  too  unwieldy  to  be  managed  by  him :  and  the  utmoft  exer- 
cife  of  his  ftrength,  would  but  convince  him  of  the  infufficiency  of  it  to 
furmount  fo  great  a  weight.  We  do  not  then  pretend,  that  the  eye  of 
the  mind  fliould  fee  invifibles  ;  but  only,  that  it  (hall  difcern  the  limits  of 
that  fphere  of  aftivity,  within  which  nature  hath  bounded  it ;  and  confe- 
quentfy,  that  fome  objefts  are  difproportionate  to  it.  Arifiotle  himfelf 
fays,  that  the  eye  fees  both  light  and  darknefs ;  which  expreflion,  tho* 
fomewhat  odd,  may  be  defended:  fince,  tho*  darknefs  is  a  privation,  not  a 
Being,  it  cannot  properly  be  the  objeft  of  fight ;  yet  it  may  be  perceived  by 
means  of  the  eye,  from  the  very  different  afie6^ion  which  that  organ  fut- 
fers,  when  imprefs'd  by  luminous  objedts,  and  when  it  is  made  ufelefa 
to  us  by  darknefs. 
Whither  mt»  But  it  may  be  ask'd,  how  can  we  juftify  our  difcourfing,  at  all,  of  things 
r!;S;^;o/tranfcending  reafon  ? 

thi^ji  mbw        The  better  to  clear  this  matter,  I  muft  make  fome  diftinftions  of  the 

^"^ '  notions  or  conceptions  of  the  mind ;  and,  for  brevity  fake,  give  names  to 

thofe  I  have  now  occafion  to  employ.    I  confider  then,  that  whether  the 

conceptions  or  ideas  we  have  of  things,  be  fimple  or  compounded,  they 

may  be  diftinguifliM  into  fuch  as  are  particular  or  diftind^,  and  fuch  as  are 

only 
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only  general,  dark,  and  confufed,  or  indiftindt.  When  a  navigatx)r  to  Physics. 
unknown  countries,  firft  gets  a  fieht  of  land,  tho'  he  may  be  fatished  that  ^^ 
it  is  land,  yet  he  has  but  a  very  dark  and  confufed  pidhure  of  it  made  in 
his  eye,  and  cannot  defcry  whether  the  fhore  be  rocky,  or  what  creeks  or 
harbK>urs  it  may  have  in  it ;  much  lefs,  whether  the  coaA  be  well  inhabited ; 
and  if  it  be,  what  kind  of  buildings  it  has :  all  which  he  may  plainly 
and  diftinftly  fee,  upon  going  on  fliore.  And  of  fome  things  we  have  an 
adequate,  of  others  but  an  inadequate  conception  :  thus,  if  we  fuppofe  the 
fame  navigator  fliould  look  towards  the  main  fea,  tho*  he  might  fee  a  great 
way  diftindHy,  yet  at  length  it  would  appear  fodark  and  confufedly  to  him, 
that  at  the  verge  of  the  fenfible  horizon,  his  fight  would  make  him  judge  the 
fea  and  sky  came  together  j  he  would,  however,  conclude,  tliat  the  utmoft 
part  of  the  fea  he  cculd  defcry,  was  but  a  part  of  the  ocean,  which  may, 
tor  ought  he  knows^  reach  to  a  vaft  extent  beyond  the  vifible  horizon.  To 
our  confufed,  and  often,  alio,  to  our  inadequate  conceptions,  belong  many 
of  thofe  that  may  be  call'd  negative ;  which  we  employ,  when  we  fpeak 
of  privations  or  negations,  as  blindnefs,  ignorance,  death,  &c.  We  have 
a  pofitive  idea  of  things  that  ai  e  fquare  and  round,  black  and  white  ;  and, 
in  fliort,  of  other  things,  whofe  fhapes  and  colours  make  them  the  objedls 
of  our  fight.  But  when  we  fay,  for  inftance,  that  a  fpirit  or  an  atom  are 
inviiible  ;  thofe  words  are  attended  widi  a  negative  conception,  which  is 
commonly  but  dark  and  confufed,  becaiile  'tis  indefinite,  and  removes,  or 
lays  afide  thofe  marks,  by  which  we  clearly  perceive  and  diftinguifli  vifible* 
fubftances :  as,  when  we  iay,  that  fucli  a  thing  is  impoffible,  we  have  feme 
kind  of  conception  of  what  we  fpeak ;  but  'tis  a  very  obfcure  and  in- 
diftinA  one,  at  beft ;  exhibiting  only  a  general  and  very  confufed  reprefen- 
tation  of  fome  ways,  whereby  one  might  think  the  thing  likely  to  be  eflfeft* 
ed,  if  it  were  at  all  performable ;  and  accompanied  with  a  perception  of  the- 
infufBciency  of  thole  ways.  There  is  yet  another  difierenoe  in  the  notions 
we  have  oi  things,  which,  tho'  not  ufually  obferv'd,  is  too  important  to  be 
here  omitted.  Of  fome  things  we  have  a  knowledge,  that  tor  want  of  a* 
fitter  term,  may  be  call'd  primary  or  direft  ,•  and  of  others,  the  knowledge- 
we  have,  is  acquired  but  by  inferring  it  from  fome  more  known  or  clearer 
truth ;  and  fo  may  be  callM  inferred  or  illative  knowledge.  Thus,  when  a 
geometrician  defines  to  me  an  hyperbola,  I  quickly  gain  a  clear  and  diftinft 
idea  of  it:  but  when  he  proves  to  me,  that  this  hyperbola  may  have  fuch  a 
relation  to  a  ftrait  line,  which  he  calls  an  afymptote,  that  this  line  being  con- 
tinued, ftill  comes  nearer  and  nearer  to  the  prolonged  fide  of  the  hyper- 
bola, and  yet,  how  far  foever  both  be  drawn,  will  never  come  to  touch  it; 
his  fubtile  demonftrations  prefent  me  with  an  inferred  or  illative  truth,  at 
which  we  arrived  not,  but  by  the  help  of  a  train  of  rcafonings  i  and  on 
which  if  we  exercife  our  imagination,  we  fliall  find  this  factitious  truth,  if 
we  may  io  call  it,  accompanied  but  with  a  very  dim  and  confufed  idea. 
To  thele  diftin^ions  we  may  add,  lafUy,  what  belongs  chiefly  to  the  notions 
we  have  of  true  or  falfe  propofitions,  that  of  our  conceptions  of  thines,  feme 
are  fymmctrical,  or  every  way  confifkent  j  by  which  I  mean,  thole  which 

have 
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Phtsics.  h^ve  thcfe  two  qualifications;  the  one,  that  all  the  parts  are  confiftent  a- 
mong  ttemfelves ;  the  other,  that  the  entire  idea  is  confiftent  with  all 
other  truths :  and  fotne  are  chimerical,  or  afymmetrical ;  by  which  I  un- 
4erftand  thofe  that  are  either  felf-deftruftive,  by  the  contrariety  of  the 
parts  thcmlelves,  whereof  they  are  made  up,  as  if  one  fhould  talk  of  a  tri- 
angular fquare,  or  a  fun-fliiny  night ;  or  being  extravagant,  lead  to  fomc 
manifeft  abfurdity  that  may  be  juftly  inferrM  ftom  them ;  or  into  inextri- 
cable difficulties ;  or  elie  involve  a  real  repugnancy  to  fome  acknowle<^'d 
truth,  or  rule  of  rea{<»i. 

Now  the  mind  of  man  is  fo  framed,  that,  when  duly  inftru£^ed,  it  can 
perceive  a  want  of  light  in  itfelf  for  fome  purpofes ;  or  of  deamefs,  and 
completenefs,  in  the  beft  ideas  it  is  able  to  frame  of  fome  thii^  ;^  and, 
on  tins  account,  can  fo  fiir  take  notice  of  the  extent,  and  imperle^lion  of 
its  own  faculties,  as  to  difcem,  that  fome  objects  are  difproportionate  to 
|t.  As,  when  we  attentively  confider  the  dimenfions  of  fpace,  or  thofe 
of  the  univerfe ;  we  may,  by  trial,  find,  that  we  cannot  conceive  them  to 
great,  but  that  they  may  be  yet  greater;  or  may  exceed  the  bounds,  how 
remote  ibever,  which  our  tormer  conception  prefumed  to  aflign  them. 
Thus,  when  the  eye  looks  upon  the  main  fea,  we  eafily  grow  fenfible, 
that,  how  much  foever  we  can  difcover  of  it,  yet  our  fi^t  faUs  fiu*  fliort  of 
die  extent  of  that  vaft  objeA.  And  'tis  by  the  fenie  which  the  mind  has  of 
its  own  limits,  and  imperfe^ons,  on  certain  occafions,  that  we  may  efti-* 
mate  what  things  oimht  not,  and  what  ought  to  be  looked  upon  as  things 
above  reafon ;  for,  by  that  term,  I  mean  not  fuch  things  as  our  rational 
faculty  cannot  at  aUj  reach  to,  or  has  no  kind  of  perception  of:  for, 
of  fuch  things  we  cannot,  in  particular,  either  think,  or  fpeak,  like  men : 
but  my  meaning  is  this,  that  the  rational  foul,  being  confcious  of  her  own 
a£hons,  and  feeling  that  (he  knows  feveral  forts  of  things  truly,  and  clearly ; 
and,  thereby,  juftly  concluding  them  to  be  within  the  compafs  of  her  fa- 
culties ;  when  (he  contemplates  fome  few  things,  which  feem  to  be  of 
another  order,  fhe  is  convmced,  that,  however  fhe  ftrains  her  power,  ftie 
has  no  fuch  ideas,  or  perceptions,  of  them,  as  (he  has,  or  may  have,  of 
thofe  objeds,  which  are  not  difproportionate  to  her  faculties. 

Again,  the  nature  of  the  mind  is  fuch,  that  its  faculty  of  drawing  con- 
fequences  from  known  truths,  is  of  greater  extent,  than  its  power  of 
framing  clear,  and  diftinft,  ideas  of  things ;  fo  that,  by  fuitable,  or 
iiicceifive  inferences,  it  may  attain  to  a  clear  conviftion,  that  fome  things 
exift,  of  whofe  nature,  and  properties,  it  can  frame  no  clear,  and  fatif- 
faftory  conceptions.  And,  that  men  fhould  be  better  able  to  infer  pro- 
pofitions  about  feveral  things,  than  to  penetrate  into  their  nature,  is  the 
lefs  ftrange,  becaufe  'tis  oftentimes  fufficient  for  our  ufes,  to  know  that  fuch 
things  exift;  tho'that  knowledge  be  not  accompany 'd  with  a  clear  and 
diftindk  idea  ;  and  becaufe  the  rules,  as  this,  for  example, "  whatever  is  pro- 
*'  duced,  mutt  have  a  caufe,  ^*  are  often  clear,  and  eafy,  that  enable  the 
mind  to  infer  condufions  about  things^  whofe  nature  is  very  abftrufe. 

To 
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To  apply,  then,  thefe  notions  to  the  three  forts  of  things  that  I  have  Physics 
reprefented,  as  being,  in  fome  fenfe,  above  reafon.  I'here  are  ob- 
jefts  of  fo  immenle,  and  peculiar  a  nature,  that,  by  an  eafy  view  of 
the  mind,  without  fubtile,  and  laborious  inquiry,  the  foul  difcerns,  and, 
as  it  were,  feels  the  objeft  to  be  dilproportionate  to  her  powers ;  and,  ac- 
cordingly, if  flie  tries,  fhe  quickly  finds  herfelf  unable  to  frame  concep- 
tions thereof  fit  to  be  acquiefced  in :  and  this  fort  of  objefts,  I,  upon 
that  account,  call  inconceivable,  or  fupra-intelledhial. 

But  when,  by  attentively  confidering  the  attributes,  and  operations  of 
a  thing,  we,  ibmetimes,  find,  that  it  hath  a  property  belonging  to  it  ^  or 
performs  fomewhat,  which,  by  reflefting  on  the  Beings,   and   ways  of 
working  that  we  know  already,  we  cannot  difcern  to  be  reducible  to  them, 
or  derivable  from  them ;  we  then  conclude  this  property,  or  this  opera- 
tion, to  be  inexplicable  ^  that  is,  fuch  as  cannot  fo  much  as,  in  a  general 
way,  be  intelligibly  accounted  for :  and  this  makes  the  fecond  fort  of  our 
things  above  reafon.    But  this  is  not  all ,  for  the  rational  foul,  that  is  al- 
ready famifli'd  with  primitive  ideas,  and  rules,  of  true  and  falfe  ;  when 
(he  comes  to  examine  certain  things,   and  make  fucceffive  inferences  about 
them,  ftie  finds,  that  (he  cannot  avoid  admitting  fome  confequences  as 
true,  and  good,  which  fhe  is  not  able  to  reconcile  to  fome  other  manifeft 
truth,  or  acknowledged  propofition.    And  other  truths  are  fb  harmonious, 
that  there  is  no  difagreement  between  any  two  of  them.    The  hetero- 
geneous truths,  I  fpeak  of,  appear  not  fymmetrical  with  the  reft  of  the 
body  of  truths ;  and  we  fee  not  how  we  can,  at  once,  embrace  thefe, 
and  the  reft,  without  admitting  the  grand  abfurdity,  which  fubverts  the 
very  foundation  of  our  reafonings,  that  contradiftions  may  be  true.  Thus, 
in  the  controverfy  about  the  endlefs  divifibility  of  a  ftrait  line  ;   as  'tis 
manifeft,  that  a  line  of  three  feet,    for  inftance,  is  thrice  as  long  as  a 
line  of  one  foot,  fo  that  the  fhorter  line  is  but  a  third  part  of  the  longer  ; 
it  fliould  follow,  that  a  part  of  a  line  would  contain  as  many  parts  as  the 
whole,  fince  each  of  them  is  divifible  into  infinite  parts  ;  which  feems  re- 
pugnant to  common  fenfe ;  and,  to  contradift  one  of  thofe  axioms  in 
Euclidy  whereon  geometry  itfclf  is  built.     Upon  which  account,  I  have 
ventured  to  call  this  third  fort  of  things  above  reafon,  afymmetrical,  or 
unfociable ;  of  which  eminent  inftances  are  aflforded  us,  by  thofe  controver- 
fies,  wherein,  which  fide  foever  of  the  queftion  you  take,  you  will  be  un- 
able, direftly  and  truly,  to  anfwer  the  objedrions  that  may  be  urg'd 
to  fhew,  that  you  contradict   fome   primitive,  or  other  acknowledged 

truth. 

Thefe  are  fome  of  the  confiderations,  by  which  I  have  been  induced  to 
diftinguifli  the  things  that,  to  me,  feem  to  over-match  our  reafon,  into 
three  kinds.  Of  thofe  I  ftile  inconceivable,  our  ideas  are  fuch,  that 
a  moderate  attention  fuffices  to  make  the  mind  fenfible  (he  wants  ei- 
ther light,  or  extent  enough,  to  have  a  clear  and  full  comprehenfion 
of  them  ,•  thofe  things  I  have  called  inexplicable,  are  fuch  as  we  can- 
not perceive  to  depend  upon  the  ideas  wherewith  we  are  furnilh'd; 

and 
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tnd  to  refemble,  in  their  manner  of  working;  any  of  the  agents^  whofe 
/  nature  we  are  acquainted  with  i  and,  laftij^,  thole  things  which  •  I  have 
named  unfociable,  are  fuch  as  have  notions  belonging  to  them ;  or  have 
ooacludSons  deducible  from  them,  that  appear  either  difagreeable  to  our 
^mkive  ideas,  or,  when  driven  home,  inconfiftent  with  the  mani^ 
tideft  we  arefumilh'd  with,  to  jud^  of  true  and  fiilfe. 

But,  by  forting  things  above  reafon,  into  three  kinds,  I  do  not  deny  that 
'tis  poffible  one  objed  may,  in  different  regards,  be  referrVi  to  more  than  one 
oftnefe  fi>rts,-  as  may  fufficiently  appear  in  that  nobleft  of  objeds,  God ; 
^ho^  when  he  made  the  workl  out-  of  nothing ;  or,  when  he  difcems  the 
ttcrffc  faSret  thoughts  and  intentions  of  the  mind ;  or,  when  he  unites  an  im- 
AUerial  ipirit  to  a  human  body,  and  maintains,  perhaps,  for  very  many 
-years,  that  matchlefs  union,  with  all  the  wonderful  conditions  he  has  ai^ 
sie^d  to  it ;  he  fiipplies  us  with  mffainces  of  tlungs  that  are  inexplicaUe : 
finr  fuch  operations  are  not  reduciUe  to  any  of  the  ways  of  working  krown 
t&  us,  fince  our  minds  can  but  modify  themielves  by  various  manners  of 
tMddng.  And»  as  for  things  without  us^  all  that  one  body  can  do  to  ano- 
llkeir,  by  a^ng  on  it,  is  to  communicate  motion  to  it ;  and  thereby  pfo- 
^de  in  it  the  natural  confeqfuences  of  fuch  motion  ;  in  all  whichjiCnere 
Is  no  aftion  like  any  of  tfaofe  I  juffc  now  afcribed  to  God.  And  fiace  the 
«relaence  of  thofe  future  events,  which  we  call  contingent,  being  a  jper- 
'fe&icn,  is  not  to  beden/d  to  God  ;  and  fince  this  fi^ems  irreeondksbfe  to 
Idle  freedom  of  human  aJKons,  it  will  atinrd  us  an  infiance  of  tnithi, 
whole  coniiflency,  and  whbfe  fymmetry  with  the  body  of  other  trucks,  ow 
jreafbn  oinnot  difcem ;  and  wndi,  therefore,  o«ight  to  be  reforr'd  to  dnt 
fbxt  of  things  above  reafon,  which  I  call  unfociable. 

I  comQ  now  to  the  thiid  fort  of  thefe  thin«,  that  metttionM  under 
the  name  of  incomprchenfible,  or  fupra-intelleftual ;  which  title,  wfae*- 
ther  it  belongs  to  any  other  objcft,  or  no,  certainly  belongs  to  God, 
whofe  nature  comprehending  all  perfedHons,  in  their  utmoft  poflibie  de- 
grees, is  not  likely  to  be  comprehcnfiWe  by  our  minds,  who  wholly  want 
leiTral  of  thofe  perfe&ions,  and  have  but  moderate  (hares  of  the  refl.  We 
arc,  indeed,  bom  with,  or,  at  leafl:,  have  a  power,  and  feveral  occafions 
to  frame  an  idea  of  a  Being  infinitely  perfeft ;  and,  by  this  idea,  we  may 
fufficiently  difcriminate  the  origin  ot  it,  God,  from  all  other  objedh  what^ 
fbcver :  but,  when  we  come  to  confider  attentively,  and  minutely,  what  is 
contained  in  the  notion  of  omnipotence,  omnifcience,  eternity,  and  thofo  other 
.  attributes  that  are  all  unicea  in  that  great  affluence  of  perfe^ions,  God ; 
we  mav  be  fure  to  find,  that  our  faculties  are  exceedingly  furmounted  by 
the  vamiefs  and  glory  of  that  unlimited,  and  unparalleled  objeft;  about 
which,  as  we  can  difcover  that  it  exifls,  and  that  it  potTeflies  all  the  pcifo* 
ftion  we  can  conceive ;  fo  we  may,  at  the  fame  time,  difcern,  that  it  muft 
have  degrees  of  perfeftion,  which,  becaufe  of  the  inferiority  of  our  nature^ 
we  are  not  able  to  comprehend.  Yet  this  difcovery  of  God's  incomprehen* 
fibility,  may  be  made,  without  fubtile  inquiries,  and  without  trains  of  con- 
tfao'  not  without  attentiouj  by  a  direct  view  of  the  mind;  which 

finds 
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finds  itfelf,  upon  trial,  as  unable,  fully  to  meafure  the  divine  perfeftions,  Physics. 
as  the  dimenfions  of  fpace,  which  we  can  conceive  to  be  greater  and  greater,  ^ 
without  ever  being  able  to  determine  any  extent  beyond  whofe  limits  they 
cannot  reach. 

Tis  indeed,  therefore,  arrogance  to  talk  of  infinite,  or  of  privileged 
thii^,  withthe  fame  confidence,  or  to  pretend  to  do  it  with  the  fame 
cleamefs,  wherewith  knowing  men  may  fpeak  of  things,  unqueftionably 
within  the  compafs  of  our  underftandings  :  but  this  need  not  liinder  us^ 
nor  doth  diiable  us  from  Ipeaking  rationally  of  privileged  things  them- 
felves.  For  all  allowable  notions,  are  not  or  the  fame  fort,  or  order  ;  and 
if  none  were  to  be  admitted  but  thofe  that  enable  us  to  comprehend  the 
obje£t,  that  is,  which  give  us  a  clear  and  diftinft  knowledge  ot  all  that  it 
contains,  or  that  belongs  to  it ;  I  muft  confefs,  we  have  no  good  no- 
tions of  privileged  things  in  particular.  I  muft  add,  that  I  fear  we  have 
few  or  none,  even  of  many  things,  that  we  think  ourfelves  very  know- 
ing in.  And  when  we  fpeak  olthings,  as  being  above  reafon,  tho'  we 
have  no  clear,  diftinC^,  and  adequate  idea  of  them ;  yet  we  may  have  a 
general,  confiifed,  and  inadequate  notion  of  them  ;  which  may  fuffice  to 
make  us  diftinguiih  their  refpeftive  objefts  from  all  elfe,  and  from  one 
another;  as  may  be  obfervM  in  feveral  ideas  that  are  negatively  framed  ; 
fiich  as  thofe  we  have  of  invifible,  incomprehenfible  i  and  in  others,  which 
I  formerly  call'd  inferred,  becaufe  they  accompany  the  remote  inferences 
whereby  one  truth  is  concluded  from  another  ;  as  when  geometricians  infer 
from  fomc  propofitions  in  Euclid,  that  any  ftrait  line  may  be  divided  farther 
and  fiirther,  without  ftop.  For,  of  this,  and  fome  other  propofitions,  about 
privileged  things,  we  are  not  quite  deftitute  of  allowable  notions,  as  may  ap- 
pear by  foine  admirable  fpeculations  of  mathematicians,  about  the  affedtions 
of  furd  numbers,  and  incommeniiirable  magnitudes,  of  fome  of  which  we 
have  no  fuch  clear  and  fymmetrical  conceptions,  as  we  have  of  many  other 
things  that  are  of  a  nearer,  and  more  intelligible  order.  I  ihall  not,  there- 
fore, jfcruple  to  acknowledge,  that  by  my  own  experience,  the  confeflions 
of  otherS9  and  by  their  unfuccefsfril  attempts,  I  am  induced  to  think,  that 
God,  who  is  a  moft  free  agent,  having  been  pleafed  to  make  intelligent 
Beings,  may,  perhaps,  have  made  them  of  difrerent  ranks,  or  orders,  whereof 
men  may  not  be  the  principal ;  and  that,  whether  there  be  fuch  orders,  or 
no,  he  hath^  at  leaft,  made  us  men  of  a  limited  nature,  in  general,  and  of 
a  bounded  capacity ;  and  accordingly,  hath  fiimiih'd  .  man  either  with 
certain  innate  ideas,  or  models,  and  principles  ;  or,  with  a  faculty,  or 
power,  and  dilpofition,  eafiJiy  to  frame  them,  as  it  meets  with  occafions 
to  excite  them.  But,  becaufe  God  intended  the  mind  of  man  of  a  limi- 
ted capacity,  his  underftanding  is  fo  conftituted,  that  the  in-bred,  or  eafily 
acquired  ideas,  and  primitive  axioms,  wherewith  it  is  furnifh'd ;  and  by 
relation,  or  analogy  whereto,  it  judges  of  all  other  notions  and  propofi- 
tions, do  not  extend  to  all  knowable  objefts  whatfoever  ;  but  reach  only 
to  (iich  as  have  a  fufficient  affinity,  or  bear  fome  proportion  to  thole 
pripiary  ideasj  and  rules  of  truth,  which  are  fufficient,  if  duly  improved. 

Vol.  II.  Ee  to 
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Phtstcs.  to  help  Mito  attain,  tho'  not  the  perfeft  knowledge  of  truths  of  the  higfa- 
"'^^^  *  eft  order,  yet  the  competent  knowledge  of  as  much  truth,  as  God  thought 
£t  to  allow  our  minds,  in  their  prefent  ftate  of  union  with  our  bodies. 

And,  indeed,  I  fee  no  realbn  to  repine  at  the  limits  which  the  author 
of  nature  affigns  to  human  knowledge.  For  the  number  of  {>riv]leg'd 
things,  is  altogether  inconfiderable,  in  companion  of  the  multitude  of 
othersi,  to  which  our  knowledge  may  be  improved  to  reach  \  and  which  it 
fiu:  more  concerns  us  well  to  know,  than  it  doth  to  refolve  puzzling  que- 
ftions,  about  things  incomprehenfible  \  there  being,  within  the  compais  of 
thofe  truths,  enough  to  employ,  and  reward  our  diligence,  widiout  ftrain* 
ing  and  tiring  our  reafon  about  obje£h  that  tranfcend  it.  Tet,  even 
atxMitthefe,  fbme  inquiries  maybe  allowed ;  £>r  anobje£l  that  is,  on  account 
of  fome  of  its  properties,  privU^M,  may  have  feveral  others  belonging  to 
it,  that  do  not  furpafs  our  reaibn ;  and  whofe  knowledge  may,  therefore^ 
be  attained  by  the  due  employment  of  it.  Thus  we  ufefullv  ftudy  the 
nature  of  bodies,  which  make  up  the  obje£l  of  natural  philo&phy  ;  tho' 
the  true  notion  of  body,  in  general,  be  a  thing  £o  difficult  to  frame,  that 
the  beft  of  our  modern  philoibphers  can,  by  no  means,  agree  about  it. 
This  I  do  not  wonder  at^  became,  if  we  purfue  the  notion  of  body  to 
the  utmoft.  Will  lead  us  to  the  perplexing  ccmtroveriy  di  can^^oue.  cam^ 
tinui ;  and  there  the  underftanding  will  be  left  in  the  dark.  Thus  fur-- 
veyors,  carpenters,  architects,  and  many  others,  know  leverai  properties 
of  the  fquare  figure,  that  are  of  great  uie  to  them  in  thdr  r^pe£tive  em- 
plojmients  ,•  tho'  thi^  that  its  fide,  and  diagonal,  are  inconunemunble,  be 
unknown  to  moft  of  them  ,*  and  if  they  were  told  of  it,  and  ihould  pro- 
fecute  the  fpeculation,  Would  involve  them  in  exceeding  great,  and,  pro* 
bably,  infuperable  difficulties. 

And,  even  about  privileged  things,  our  inquiries,  if  difcreetly  managed, 
may  not  only  be  allowable,  but,  fometimes,  profitable.  For,  oiiiich  fub- 
jefts,  a  ftudious  fearch  may  bring  us  to  know  more  than  we  did,  tho'  not 
lb  much  as  we  would,  nor  enough  to  be  acquiefced  in.  This  may,  proba- 
bly, teach  us  to  know  both  the  objefts  better,  and  ourfeives  the  better 
too ;  by  giving  us  fuch  a  fenfible  difcovery  of  the  infufficiency  of  our  un- 
derftandings,  to  comprehend  all  forts  of  things,  as  may  be  very  ufeful, 
tho*  not  pieafing  ;  and  may  richly  reward  the  pains  that  ended  in  fo  inftru- 
fti  ve  a  difappointment.  Thus  in  the  nobleft  inftance  that  can  be  given,  the  con- 
templation of  God  himfelf,  tho'  he  has  fo  ordered  all  things,  that  'tis  fcarce 
poflible  for  us  to  be  deftitute  of  an  idea  of  him  ;  yet  when  we  come,  with 
a  fufficient  application  of  mind,  to  pry  into  the  wonderful  attributes  of 
this  moft  fingular^  and  adorable  Being,  we  are  fure  to  find  ourfeives  un- 
able to  comprehend  fo  unbounded  an  objeft.  This,  however,  ought  not 
to  difcourage  us  from  fo  noble  a  ftudy,  fince  we  are  allowed  the  great 
contentment  and  honour  to  make  further  and  further  difcoveries  of 
the  moft  excellent  of  ob jefts,  by  that  very  immenfity  of  his  perfeftions 
that  renders  it  impoffible  for  us  to  reach  to  the  bounds  of  his  excellency,  or 
rather  to  difcover  that  it  has  any  bounds  at  all» 

SECT. 
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Physics. 
SECT.    IL  X^WJ 

I  Proceed,  in  the  next  place,  to  offer  fome  rules  and  direftions,  whereby  lUtUs  fir/md^ 
to  regulate,  and  eftimate  the  reafonings  we  meet  with,    concerning  ^V^  ****** 
things  above  reafon.  '*'^*^ 

Ajid,  firft,  I  would  obferve,  that  as  to  privileged  fubjefts,    we  fhould^*^*'*"*' 
not  admit  any  affirmative  affertion,   without  fuch  proofs  as  are  fufficient 
in  their  kind. 

For,  ^tis  not  reafonable  to  give  affent  to  any  thing,  as  a  truth,  without 
a  fufficient  ground  for  that  affent.    And  tho'  it  may  well  be  granted  in 
the  general,  that  a  thing,  which  furpaffes  our  reafon,  may  have  belonging 
to  it  fome  property  that  is  alfo  above  reafon  ;  yet  we  are  not,  in  parti- 
cular, to  believe,  that  this,  or  that  aflfeftion  belongs  to  it,  without  parti- 
cular and  competent  proof.    For,  fince  about  a  privileged  thing,    as  well 
as  about  any  other,  propofitions  may  be  framed,  and  often  are  fo,  con- 
trary to  one  another ;  to  affent  to  both,  were  certainly  to  believe  one  fal- 
fity,  if  not  two.    And  if  we  will  affent  but  to  one,  we  muft  either  judge 
at  adventures,  or  allow  ourfelves  to  examine  the  mediums  of  probation, 
employed  on  both  fides  ;  and  thereupon  judge  why  one  of  the  propofitions 
is  to  be  affented  to,  and  the  other  rejefted.    This  manly  freedom  mufl  be 
allow'd  ;  without  which,  our  underflandings  were  liable  to  be  impos'd  on, 
in  matters  of  the  highefl  concern  :  for,  there  fcarce  ever  did,  or,  I  fear^ 
ever  will,  want  fome  men,  who,  either  out  of  ignorance,  and  paffive  delu- 
lion,  ielf-confidence,  or  defign,  take  upon  them,  with  great  boldnefs,  to 
affirm  what  they  pleafe  about  privileged  fubjefts  :    and,  when  they  are 
oppoled  in  their  extravagancies,  by  reafonings  they  cannot  anfwer,  they 
urge,    that  thefe  things,  being  above  reafon,  are  not  to  be  judg'd  of  by 
it.    But,  of  fuch  men  as  thefe,  I  ufually  demand,  whether  their  own  affent 
to  the  things  they  would  have  us  believe,  be  grounded  upon  fome  rational 
argument,  or  not.    If  they  fay,  'tis  not,  they  are  fools  to  believe  it  them- 
felves ;  and  I  fhould  add  to  the  number,  if,  after  this  acknowledgment,  I 
believed  them.    But,  if  they  fay,  it  is,  I  defire  them  to  produce  their 
ailment ;  for,  fince  'tis  framed  by  a  human  underflanding,  the  force  of 
it  may,  alfo,  be  comprehended,  and  judged  of  by  a  human  underflanding : 
and  tis  to  no  purpofe  to  fay,  the  fubjed  furpaffes  human  reafon  ;  for,  if 
it  do  fo  indeed,  it  will  furpafs  theirs,  as  well  as  mine,  and  fo  leave  us  upon 
even  terms.     And,  let  the  thing  affented  to,  be  what  it  will,  the  affent  it- 
felf  ought  to  be  founded  upon  a  fufficient  reafon ;  and,  confequently,  upon 
one  that  is  mtelligible  to  the  human  underftanding,  that  is  wrought  on  by 
it. 

The  pofitive  proofs  required  for  an  affertion,  about  a  privileged  thing, 
mufl,  we  fay,  be  fufficient  in  their  kind ;  but  we  are  not  to  expeft  rigid 
dcmonflrations  of  fuch  affertions :  for,  fince  'tis  manifeft,  that  there  are 
many  truths,  fuch  as  hiflorical  and  political  ones,  that,  by  the  nature  of  , 

the  things,  are  not  capable  of  mathematical,  or  mctaphyfical  demonflra^ 
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Phtsics.  tions,  yet,  being  really  truths,  have  a  juft  title  to  our  affent ;  it  muft  be 
acknowledgM,  uiat  a  rational  aflent  may  be  founded  upon  proofs  that 
reach  not  to  rigid  demonftrations :  it  being  fufficient,  that  they  are  fkrong 
enough  to  make  a  wi&  man  acquieibe  in  thenu  And  theretore,  if  any 
tlungs  can  be  made  out  to  be  revealed  by  God,  concerning  his  own  na-? 
ture,  actions,  or  decrees,  we  ought  to  receive  them ;  becaufe,  of  fome  of 
thofe  things,  as  his  prefcience,  mercy,  &€.  we  can  hdve  no  better  proofs ; 
and  of  others,  as,  what  he  did  before  our  world  was  made,  and  what  he 
wiU  do  with  us  after  we  are  dead,  we  can  have  no  other  confiderable  proofii 
at  all.  There  is  no  reafon  to  think,  that  becaufe  an  objeft  furpaUes  the 
human  underftanding,  it  muft^therefore,  furpafs  the  divine  intelkffc  itfelf. 
£v6n  in  the  tlungs  that  arer  {Knia£^ed  in  the  mind  of  man,  I  may  learn 
from  another,  who  is  not  my  fuperior,  what  I  can  by  no  means  attain 
to  know,  unlefs  he  be  pleasM  to  ducover  it  to  me* 

Intelligibility  to  the  human  underftanding,  iieems  no  more  necellary  to 
the  truth,  or  exiftence  of  a  thing,  than  that  vifibility,  to  a  human  eye, 
Ifaould  be  nece(Giry  to  the  exiftence  of  an  atom,  or  of  a  corpufde  of  air,  or 
of  the  ef&uvia  of  a  load-ftone,  or  the  £ragrant  exhalations  of  amber-ereece, 
or  musk.  The  natural  incapacity  of  a  child,  to  underftand  the  abftrufe 
properties  of  parabolas,  hyperbolas,  and  the  inoommenlurable  lines  of  a 
iquare,  hinders  not  thole  figures  from  exifting,  or  their  pioj^enies  from 
being  true  and  demonftrable.  And,  tho^  we  do  admit  fbme  privileged  things^ 
yet  diere  is  no  neceffity  that  we  fliould  be  dd>arr'd  from  aU  knowledge  of 
thofe  fublime  obje^,  in  whidi  t^ere  are  many  things,  whereof  we  muft 
confefs  ourielves  ignorant.  The  ancient  geometricians  knew  very  well 
what  a  reAangular  triangle  was,  when  they  conceived  it  to  be  a  figure 
confifting  of  three  ftrait  lines,  two  of  which,  comprize  a  right  angle ;  tho* 
probably,  for  a  great  while,  they  did  not  know  all  its  chief  properties ; 
lince,  for  ought  appears,  before  Pythagoras^  it  was  not  known  that  the 
fquare  of  the  hypotheniife,  is  equal  to  the  fquares  of  both  the  other  (ides 
taken  together ;  and  much  more  likely  it  is,  that  they  were  not  able  to 
folve  thofe  difficulties  which  attend  the  endlefs  divifibility  of  lines  infer- 
able from  that  equality. 

But  every  thing  hard  to  be  underftood,  or  contrary  to  the  common 
rules  of  probability,  has  not  a  right  to  pafs  for  privilegd  j  *  for  then,  the 
paradoxes  about  furd  quantities,  the  duplicate  proportion,  and  feveral 
otherfurprizing  doctrines,  capable  of  mathematical  demonfbations,  would 

be 


*  "  Let  it  be  propofed  (  fays  the  inge- 
**  nious  Mr.  Haaksbee  )  to  reprefent  tne 
figure  of  an  objeQ,  placed  behind  an  o- 
pake  body,  upon  the  contrary  fide  of  that 
opake  body;  and  this  without  the  help 
of  optic- glafles,  or  any  foreign  adventi- 
tious lights ;  perhaps  the  (blution  might 
be  thought  impoifible ;  or  the  very  terms 
^}  of  the  problem  abfurd  and  cpntradifto- 
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•^  ry.  For  the  body,  on  which  the  fi- 
*^  gure  is  to  be  feen,  muft  be  opake  by 
**  tne  hypothefisy  and  the  objea  placed 
**  on  the  contrary  fide  to  that  whereon 
**  'tis  feen  ;  fo  that  either  the  light  muft 
"  be  tranfmitted  thro'  this  body,  and  then 
**  *tis  not  opake,  contrary  to  the  fuppo- 
**  fition  ;  or  elfe  the  lignt  muft  not  be 

*^  tranfiiutted,  and  then  no  figure  could 
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be  privileged.  Nor  are  all  thofe  worthy  of  this  title,  that  are  by  many  Physics. 
propofed  and  embraced  as  philofophical  myfteries ;  fuch  as  fubftantial  \^'Y\J 
forms,  which  are  really  only  fcholaftic  chimeras.  But  tho*  I  fliall  not  pre- 
fume,  pofitively,  to  fet  down  the  difcriminating  bounds,  and  figns  of  pri- 
vileged things  ;  yet  moft,  if  not  all  of  them,  are  either  primary  in  their 
kind,  as  God  himfelf,  and  the  things  whofe  nature  flows  immediately  from 
him  ;  or  elfe,  things  that,  if  thoroughly  infpefted,  neceffarily  involve  the 
confideration  of  fome  kind  of  Infinitum ;  or  elfe,  are  fuch,  that  tho'  in 
fome  principal  queftions  about  them,  one  fide  muft  be  taken,  both  fides 
are  encumbered  with  abfurdities,  or  fcarce  fuperable  difliculties.  Thefe 
being  the  ufual  marks  that  bebng  to  privileged  things,  their  number 
cannot  be  very  great ;  and  therefore,  we  fliall  not,  by  allowing  them, 
want  objefts  whereon  to  exercife  our  faculties. 

idfyy  We  fliould  not   be  hafly   to  frame  negatives  about   privileged -^A^w^^^fe* 
things  ;  or  to  rejeft  explications,  or  propofitions  of  them,  as  if  ttiey  were 
abfurd,  or  impoffible. 

We  obferve,  that  even  in  natural  things,  'tis  very  unfafe  to  affirm,  or 
rejeft  opinions,  before  men  have  a  competent  hiftorical  information  of 
what  belongs  to  thefubjeft  they  take  upon  them  to  judge  of.  And  there- 
fore, it  muft,  in  reafon,  be  thought  much  more  unwary  to  be  forward  to 
refblve  upon  negative  propofitions,  about  things  which,  fince  we  our- 
felves  acknowledge  to  be  above  the  reach  of  human  reafon,  'twill  become 
us,  at  leaft  to  forbear  a  rude,  and  infulting  way  of  rejedhng  the  opinions 
of  learned  men,  who  diCfent  from  us,  about  fuch  things  ;  for  the  fubli- 
mity  of  the  fubjeft  may  render  miftakes  the  more  excufable,  becaufe  dif- 
ficult to  be  avoided ;  and  our  own  fliaring  in  the  inability  of  penetra- 
ting fuch  abftrufe  things,  fliould  keep  us  from  being  over-confident,  that 
we,  alfo,  may  not  be  miflaken ;  and  incline  us  to  tolerate  other  men's 
opinions,  about  matters  wherein  ourfelves  have  only  opinion,  not 
fciencc. 

But,  I  muft  not  be  underftood  to  fpeak  againft  all  framing  of  negative 
propofitions,  about  privileg'd  things ;  my  defign  beine  to  difluade  from  do- 
ing it  )iaftily :  for,  fometimes,  'tis  much  more  eafy  and  fafe,  to  deny  thing% 


^*  be  feen  ;  for  all  diftributions  of  light, 
<<  by  optical  artifices,    are     excluded. 


common  fuiphury  or  melted  pitch,  and  gi 
ving  it  a  circular  motion  ;  for  when  his 
hand  was  then  applied  to  the  lined  P&i't, 
he  di&inStlj^  and jperfe&ly  faw  the  {nape 
and  figure  thereof,  upoo  the  concave  fur- 
face  of  the  wax,  Qpc.  within.  Hence  that 
Gentleman  thinks  it  may  be  ufeful  to  ob- 
ferve, **  that  many  odd  efifeQs,  and  ap- 
V  pearanccs,  againft  the  poffihilitywhere* 
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of,  men  may  feem  to  argue  very  nlau- 
fibly,  and  to  .find  downright  aoiurdi- 
**  ties,  and  contradictions  in,  may  yet  be 
**  brought  about  by  the  genuine  force 
**  of  nature,  aQing  in  convenient  circum- 
^^  ftances,  upon  proper  and  fui  table  bo- 
*^  dies;"  and  therefore,  that  **  we  fhoold 
**  not,  upon  fuch  occafions,  proceed  to 
"  conclude  too  peremptorily,  what  may, 
*^  or  may  not  be  done ;  and  think  that  every 
^^  difficulty,  or  apparent  impoflibility  to 
**  us,  is  a  real  one  to  nature.'*  See 
BaMft  ExperimenU  p»  i67««-*i7i.d^p*  268« 

than 
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Physics,    than  to  affirm  them  to  belong  to  a  fubje£t  that  furpaffesoiir  reftibn-  And« 
^^    'the  obfervation  may  be  of  ufe,  efpecially  in  two  cafes;   one,  when  the 
native,  we  aflert,  is  grounded  not  upon  axioms  taken  from  the  ufual 
courfe  of  nature,   or  upon  propofidons  dubious,  or  remote  from  the  firft 
.principles  of  knowledge ;  but  upon  either  univerial,  or  metaphyfical  axi- 
oms ;  or  dUe  upon  truths  manifeftly  flowing  from  fome  clear,  tho^  inade- 
quate notion,  we  have  of  the  nature  of  the  things  we  treat.     The  other 
cafe  is,  when  we  have  a  clear  and  fufficient  proOT  by  revelation,  or  other- 
wife,  of  the  pofitive  attributes  of  the  things  we  contemplate ;  for  then 
we  may  &fely  deny  of  that  fubje£b,  any  other  thing  that  is  reallv  incon- 
liftent  with  the  pofitive  attribute.     Upon  which  account,  tho    we  do 
not  fully  comprehend  what  God  is,  yet  knowing  by  the  clear  light  of 
nature,  that  he  is  a  Being  intelligent,  and  infinitely  perfrd^  we  may  fafely 
deny,  againft  Epicurus^  Vwftiuiy  and  Mr.  Hobbs^  that  he  is  a  corporeal  fub- 
fiance ;  as  alfo  that  he  is  monal,  or  corruptible. 
ABMfuhfir     idfyy  A  matter  of  faft,  or  other  propofition  about  privileg'd  things,  be^ 
^l^j^^     ing  proved  by  arguments  competent  in  their  kind,  we  ou^  not  to  deny 
uM^  it  merelv  becaufe  we  cannot  explain,  or,  perhaps,  fo  much  as  conceive 

the  Moms  of  it. 

I  have  obferv'd  a  want  of '  deamefs  in  ieyeral  difcourfes,  where  the 
t^rm  Modus  has  been  employed.  Sometimes  we  would  deny  by  it,  £>  much  as 
M  poffibilid^  that  one  thing  can  belong  to,  or  be  truly  iaid  of  another ;  as 
when  we  uy,  we  underftand  not  how  one  creature  can  create  another,  or 
how  there  can  be  a  line  that  is  neither  ftrait  nor  crooked,  or  a  finite  whole 
number  that  is  neither  even  nor  odd.  But  moft  commonly  we  mean,  by 
our  not  underftanding  the  Modus  of  a  thing,  that  we  do  not  clearly  and  di- 
fiinfUy  conceive  after  what  manner  the  property,  or  other  attribute,  of  a 
fubjeft  belongs  to  it,  or  performs  its  operations.  The  firft  kind  may  be 
caird  a  poffible  Modus,  and  the  other  an  aftual  Modus.  Now  in  both  the 
foregoing  acceptations  of  the  term,  we  may  find  inftances  fit  for  our  pre- 
fent  purpofe.  For  we  cannot  imagine,  how  a  Ihort  line,  or  other  hnite 
quantity,  fhould  be  endiefly  divifible ;  or,  on  the  contrary,  how  infinite 
parts  fhould  make  but  a  finite  total :  and  yet  geometry  conftrains  us  to  ad- 
mit that  it  is  fo.  But  tho*  there  be  few  inftances  of  this  kind,  yet  of  the 
other  fort  of  our  ignorance  of  the  Modus  of  things,  there  may  be  found 
more  inftances  than  we  could  wifh  there  were ;  for  even  in  natural  and 
corporeal  things,  the  eager  difputes  of  the  beft  philofbphers,  and  the  in- 
genuous confeffion  of  the  moft  judicious  and  moderate,  fufficiently  mani-» 
left,  that  as  yet  we  know  not  the  manner  of  operation,  whereby  feveral 
bodies  perform,  what  we  well  know  they  bring  to  pafs.  And  not  to  enter 
into  thofe  nice  and  tedious  difputes,  about  the  caule  of  the  cohefion  of  the 
parts  of  matter  in  the  fmalleft,  moft  principal,  and  moft  primary  bodies ; 

Eerhaps  the  way  whereby  the  rational  foul  exercifes  any  power  over  the 
uman  body,  and  the  way  whereby  the  underftanding  and  the  will  aft 
upon  one  another,  have  not  yet  been  intelligibly  explained  by  any.  The 
like  I  may  fay  of  the  phenomena  of  the  memory ;  eipecially  in  thofe  who 
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ftre  eminent  for  that  faculty.  *Tis  hard  to  conceive,  how  in  fo  narrow  a  Physics. 
compafs  as  part  of  a  human  brain,  there  ihould  be  fo  many  thoui&nd  di- 
ftinA  cells  or  impreflions,  as  are  requifite  to  harbour  the  charafters  or 
iignaturcs  of  feveral  languages,  each  of  them  confifting  of  many  thou- 
fand  diflferent  words;  befides  the  images  or  models  of  fo  many  thou- 
land  faces,  fchemes,  buildings,  and  other  fenfible  objefts,  and  the  ideas  of 
fi)  many  thoufand  notions  and  thoughts,  and  the  diftinft  traces  of  multi- 
tudes of  other  things :  and  how  all  thefe  Ihall,  in  fb  fmall  a  fpace,  have 
fuch  deep  and  lafting  impreflions  made  for  them,  and  be  oftentimes  lodg'd 
fo  exaftly  in  the  order  wherein  they  were  at  firft  committed  to  the  memory, 
that  upon  a  fudden  command  of  the  will,  or  a  flight  cafual  hint,  a  whole 
fett  01  words,  things,  and  circumftances,  will  in  a  trice,  as  it  were,  ftart 
up,  and  prefent  themfelves,  even  in  the  very  feries,  order,  and  manner,  where- 
in they  long  before  were  ranged.  And  I  doubt  not,  that  befides  thofe 
abftrufe  thincs,  about  the  Moam  of  which,  the  more  candid  philofophers 
haveconfefs  a  their  ignorance,  there  would  others  have  been  taken  notice 
of,  if  we  did  but  as  fiilly  and  impartially  inquire  into  the  nature  of  all 
the  things  we  think  we  know.  And  confidering  the  yet  depending  dif- 
putes  between  philofophers  and  mathematicians,  about  the  nature  of  place 
and  motion,  which  are  things  obvious  and  familiar  to  us  ,  one  might, 
without  other  inducements,  be  inclined  to  think,  we  ihould  find  many  dif- 
ficulties in  many  other  fubjefts,  wherein  we  do  not  now  take  notice  of 
any,  if  we  particularly  ftudied  their  nature  \  and  that  our  acquiefcing  in 
what  we  have  leam'd  about  many  things,  proceeds  not  from  our  greater 
knowledge  of  their  nature,  but  from  our  having  exercifed  lefs  curiofity 
and  attention  in  confidering  it.  And  if  in  things  corporeal,  that  are  the 
familiar  objefts  of  our  fenfes,  we  are  often  reduced  to  confefs  our  igno- 
rance of  the  Modus  of  their  exifting,  or  operating ;  it  will  not  be  denied, 
that  to  a  Being  wholly  unapproaclmble  by  our  fenfes,  natural  philofophy 
may  be  allow  d  to  afcribe  lome  things,  whofe  Modus  is  not  attainable  by 
our  underftanding :  as  the  divine  prefcience,  which,  as  'twere  impious  to 
deny,  fo,  I  fear,  tis  impofllble  to  explain,  as  to  the  Modus  of  it. 

And,  perhaps,  upon  the  fame  grounds,  'tis  as  inconceivable,  that  God 
fhould  fee  our  thoughts,  as  how  he  can  know  our  outward  adlions  ;  for 
fince  we  have  no  way  of  difceming  the  particular  motions  of  mens  bodies, 
but  bv  fome  of  our  lenfes,  efpecially  our  fight ;  and  fince  thofe  fenfations 
themlelves  neceflarily  require  organs  duly  conftituted,  that  is,  made  up  of 
feveral  parts,  framed,  and  join'd  together  after  a  determinate  manner  i  I 
fee  not  how  we  can  explain  the  perception  of  vifible  objefts,  without  aa 
eye,  or  fo  much  as  any  corporeal  oi^n  or  fubftance ;  efpecially,  fince  'tis 
very  juftly  aflerted,  that  the  deity  is  not  united  to  any  portion  of  matter, 
as  the  human  foul  is  to  the  human  body. 

We  do  not,  however,  deny  to  God  either  the  power  of  moving  matter,  tft ' 
that  of  perceiving  all  its  motions ;  for  which  there  is  fome  pofitive  proofs  . 
competent  in  its  kind.    For  if  there  be  an  eflfeft,  that  we  difcem  muft 
proceed  from  fuch  a  caiiie  or  agent,  we  may  conclude,  that  fuch  a  caufe 
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Physics,  there  is ;  tho*  we  do  not  particularly  conceive  how,  or  by  what  operation, 
XS^V/  *tis  able  to  produce  the  acknowledg  d  effedt.  Thus,  tho'  a  man,  other  wife 
of  good  judgment,  being  wholly  a  ftranger  to  mathematics,  cannot  con- 
ceive how  a  skilful  aftronomer  Ihould,  many  years  before-hand,  foretel 
eclipfes  to  a  day  and  hour,  and  perhaps  to  a  few  minutes;  yet  when  the 
fucccfs,  as  it  often  happens,  verifies  luch  predictions,  he  will  be  fatisfied 
that  the  maker  of  them  had  the  skill  to  foreknow  the  things  foretold  in 
them.  And  fo  the  generality  of  learned  men  among  us,  who  are  not  much 
acquainted  with  that  part  of  navigation,  which  fome  modems  call  Limen-- 
eureticdj  or  the  art  or  fteering  to  harbours,  cannot  well  conceive  how  a 
Ihip  that  is,  for  inftance,  in  the  vaft  Atlantic  ocean,  above  a  thoufand  miles 
from  any  fhore,  fhould  be  fo  direfted,  as  to  arrive  jufl  at  a  little  harbour, 
not  cannon-fhot  over  \  which  perhaps  neither  the  pilot,  nor  any  other 
in  the  Ihip,  ever  faw.  And  yet,  as  little  as  we  diftindUy  conceive  how 
itich  an  art  of  finding  ports  can  be  framed,  we  fcruple  not  to  allow  there 
is  fuch  an  one,  becauie  navigators  to  the  Eaft  and  fVefi-Indies  could  not, 
without  it,  find  the  remote  ports  they  are  bound  for. 

There  is  a  fecond  fort  of  pofitive  proofs,  confiftine  of  thofe  confequences 
that  are  clearly  and  juftty  drawn  from  any  manifefl,  acknowledged,  or 
already  demonflrated  truth.  To  this  belong  feveral  mathematical  propo- 
(itions  and  corollaries ;  which,  tho'  being  nakedly  propofed,  they  feem  in- 
credible to  the  generality  of  learned  men,  and  fometimes  to  mathematicians 
themfelves,  are  yet  fully  aflented  to,  becaufe  they  clearly  follow  from 
either  manifeft  or  demonftrated  truths.  Thus,  many  cannot  conceive 
how  'tis  poffible  there  may  be  millions  of  circles,  whofe  circumferences 
fliall  each  of  them  come  nearer  and  nearer  to  another,  and  to  a  flrait  line 
aflign'd  j  and  yet  none  of  them  touch,  and  much  lefs  cut  either  any  other 
circle,  or  that  line,  but  in  the  fame  point :  and  yet  this  is  one  of  thofe  odd 
propofitions  that  geometricians  have  rightly  deduced,  as  corollaries  from 
a  propofition  of  Euclid.  And,  tho*  we  cannot  clearly  conceive,  how  two 
lines,  that,  at  their  remotefl  ends,  are  but  little  diftant  from  each  other, 
fliould  perpetually  incline  to  each  other,  without  ever  meeting  ;  yet  geo- 
metricians, that  is,  the  moft  rigid  reafbners  we  know  of,  have  been  com- 
pelled to  admit  this  in  the  conchoid  of  Nicontedes. 
ifMbmk.  ^^by  When  we  treat  of  privileged  fubjefts,  we  are  not  bound  to 
fuppofe  every  thing  falfe,  that  feems  to  oppofe  fome  received  didlate  of 
realon. 

For,  it  being  evident,  that  a  great  part  of  the  dictates  of  reafon  are  ne- 
gative, and  that  negative  propofitions  ulually  fpring  from  the  repugnancy  we 
judge  fome  things  have  to  a  pofitive  diftate  of  reafon  ;  if  thole  pofitive  di- 
ctates contain  but  gradual  and  limited  truths,  and  come  to  be  unduly  ex- 
tended to  privilegd  fubjefts,  it  may  very  poffibly  happen,  that  a  thing, 
really  true,  will  appear  falfe,  if  judged  of  by  its  agreement  to  one  of  thofe 
limited,  and  but  refpeftive  diftates.  'Xis  alfo  clear,  that,  in  natural 
philofophy,  the  ufual  ground  on  which  we  rejeft  many  things,  is,  that  we 
judge  them  unintelligible.    Andj  I  cenfure  not  the  practice  in  general,  but 
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dunk  it  may  eafily  miflead  us,  when  extended  to  thioj^s  that  apparently  Physics. 
tranfcend  our  reafon,  as,  for  ought  yet  appears,  fome  otthe  modus's,  even 
of  things  corporeal,  are  found  to  do.  Arid,  we  fometimes  think  we  have 
made  compleat  enumerations  of  the  feveral  ways  of  the  exiftence  of  an  at- 
tribute in  a  fubjeft,  or  of  the  operation  of  one  thing  upon  another, 
when,  indeed,  we  have  over-look  a  one  or  other  of  them  ;  and,  perhaps, 
that  which  we  have  thus  omitted,  may  be  the  true  one  ,•  tho*,  poffibly,  no 
attention,  and  diligence  of  ours,  coiild,  in  fbme  cafes,  have  ierv'd  the 
turn ;  the  Modus  inquired  after,  being  not  conceivable  by  us,  tho'  it  may 
be  by  a  higher  than  a  human  intelleA. 

The  fchool-philofophers,  fpr  many  ages,  in  the  catalogues  they  made 
of  the  means  of  a  body's  working  upon  another  at  a  diftance,  did  not 
think  of  the  true  ways  by  which  odours  aiul^punds  are  communicated  to 
US;  and  therefore  had  recourfe  to  certain  unintelligible  things,  which  they 
called  intentional  fpecies.  But  the  moderns  acknowledge,  that  odours  are 
communicated  by  efRuvia  exhaled  from  the  odorous  body,  and  fitted  to 
aflfeft  our  noftrils ;  and  that  founds  are  tranfmitted  to  the  ear,  by  the  un- 
dulating motion  which  the  air  is  put  into  by  the  impulfe  of  the  vibrating, 
or  otherwife  agitated  parts  of  the  fonorous  body. 

And  fuppofing  the  reafonable  foul  to  be  an  immaterial  fubftance  ;  tho\ 
men  think  they  have  liifficiently  exprefs'd  the  ways  of  determining  the 
motion  of  a  body,  by  faying,  that  the  determination  mull:  be  either  in 
the  .line  wherein  the  impellent  made  it  move,  or  in  the  line  wherein  it 
was  determined  to  move  by  the  fituation  of  the  refifling  body ;  yet  the 
motions  of  the  animal  fpirits,  if  not  alfb  fome  other  internal  parts  of  the 
body,  maw  ^he  body  being  duly  difpofed,  be  determined  by  the  human 
will ;  ythch  is  a  way  quite  diflferent  from  the  other.  And  how  the  power 
of  determining  the  motion  of  a  body,  without  any  power  to  impart  motion 
to  that  body,  fhould  belong  to  an  immaterial  creature,  which  nas  no  cor- 
poreal parts  to  refifl  the  free  paflfage  of  a  body,  and  thereby  change  the 
fine  of  its  motion ;  is  not  yet,  nor,  perhaps,  ever  will  be,  in  this  life,  clear- 
ly conceived  by  men :  tho'  there  is  no  doubt,  that  he  who  endowed  the 
foul  with  this  attribute  or  power,  perfcftly  underflands  both  how  it  exifls 
in  the  foul,  and  how  the  foul,  by  exerting  it,  operates  on  the  body. 

I  am,  however,  in  no  wife  againfl  reje&ng  opinions  that  are  found  con- 
trary to  thofe  rules  of  reafon,  at  the  framing  oi  which,  the  things  in  que- 
fHcMi  were  duly  confider'd  :  but  in  cafes  not  thought  on,  when  fuch  rules 
were  devifed,  we  are  not  always  bound  to  fubmit  to  be  judg'd  by  them ; 
and  to  maintain  an  opinion  unconformable  to  fuch  a  rule,  diay  be  not  to 
oppofe  a  genuine  and  abfolute  diftate  of  reafon,  but  to  reftify  one 
that  is  erroneoufly  thought  fo ;  by  fhewing  that  the  rule  is  exprcfs'd  in 
more  general  and  indefinite  terms  than  it  ought  to  have  been.  And,  doubt- 
lefs,  cdTtwo  opinions,  that  is  the  moft  rational,  which  is  moft  agreeable  to 
thofe  jrules  pf  reafon,  which  are  framed  upon  the  fulleft  information.  *Tis 
cafy  to  fee,  that  in  the  rule  I  propofe,  very  few  of  the  cafes  occurring  in 
ordinary  difcourie,  or  even  in  that  of  philofophers,  will  be  at  all  con- 
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nAMMS*  SHAhI.    AedkitiiMfe  &«r  «»£»,  wherein  I  jMend  the  nde,  Amild  ctlot 
Ih^y^^  bbcti  t  t»bviirte  ineoimnieaciesby  a  ilooUe  cmcioiu    Hbe  firft,  by  fimo* 
filog  diKt  )^  opikiion,  which  dftims  an  exemptioR  from  the  conuixm  nies, 
it  Hot  M  aiUtnury  or  precarious  tenet,  but  fiiffioenti^tiuuie  init  by  pm-» 
lUcr  iOifaiiiefits :  and  ma  fecond,  by  declaring  ttuit  Vis  not  to  oomsadift 
i^t  rMfoB,  but  biad  reafi»ers,  to^ve  limitation  to  rales  wluch  lunre  been 
too  hafljly  fraaned  and  conceived,  in  too  ^n^al  tems,  by  men  «^  either 
were  not  competently  informed  of  the  variety  of  pardcuhrv,  when  ehef 
took  upon  them  to  make  analy&s  and  enumerations ;  *or  eUe  prefumed  M 
in&r,  that  a  thing  was  not,  becaufe  they  did  not  tinderftand  the  HS^Au  m£ 
its  e&ifience  ixc  operation.    And  I  hswe  often  thought,  diat  libe  cauies  of 
the  ||reat  damour  diatis  made  againft  fome  men,  for  aot  ohie^mmfly  fub* 
mictmg  to  what  feme  others  call  die  rules  of  red&n,  are,  that  men  do  not 
fifficieudy  underfiand  the  nature  of  thmgs,  and  of  diem&lves ;  but  enter* 
tarn  too  narrow  concepti<ms  of  the  former,  and  too  Ugh  an  opinkn  ef^tfae 
latter, 
Mmim^^*^     Reafon  is  often  taken  fer  a  feet  of  notions  and  pmpofidoo^  employM 
and  acqnieiced  m  by  this  w  that  (brt  of  reafimers,  who  rooeive  aamei 
from  tins  or  that  partioilar  di£apline,  as  aibxmomy,  efaymiftry,  opcks ; 
of  whole  received  do£brines  they  are  fuppoied  to  be  intiiP^  maintainers. 
But  it  is  alfo^  with  at  leaft  as  much  propriety,  ufed  to  figni^tbe  xatioMl 
fsicuhy  itfeli^  fnmilh'd  with  the  light  that  accompanies  it,  when  it  is 
sightly  difpofed  and  informed.    In  die  firft  of  tfadfe  two  dCbsCes,  it  ieems 
but  equitable  to  allow,  that  fome  things  ought  not  to  be  judgM  by  all 
the  fame  rules  employ  d  to  judge  other  things  by;  for  ibme  of  theft 
rules  were  framed  upon  a  flight  confideration  of  common  and  faanlitf 
things,  either  by  the  vulgar,  or  by  men  who,  for  want  of  skill  or  applica* 
tion  of  mind,  did  not  critically  regard  the  di^inA  natures  of  things ;  and 
yet  prefumed  to  fetde  rules,  which  other  mens  inadvertence  or  lazine&  has 
made  them  receive  for  certain  diftates  of  reafon  :  whereas,  other  natures 
ihould  have  been  then  confiderM,  as  well  as  thofe ;  but  not  having  been  io, 
the  rules  I  fi>eak  of,  are  not  always  proper  and  £afe,  when  applied  to 
thefe  overlook  d  natures.    Thus,  fucceflive  Beings,  as  time  and  local  mo- 
.    tion,  in  fome  cafes  require  to  be  eftimated  by  other  meafures  than  fub* 
ftances,  whether  material  or  incorporeal.    And  fo,  likewife,  the  more  nice 
metaphyfidans^  efpecially  among  the  moderns,  have  thought  themfelves 
obliged  to  difcourfe  of  modus 's,  relations,  privations,  extrinfecal  denomi- 
nations, &c.  in  a  very  difierent  way  from  thiat  which  belongs  to  bodies  and 
fpif its ;  tho'  the  unskilful  are  ftill  apt  to  confound  all  thefe  fiibje£b,  by 
applying  to  them,  indifcriminately,  the  fame  rules,  or,  as  they  imagine^ 
dictates  of  reafon. 

The  generality  of  philofbphers,  after  AriJUtky  conceive  place  to  be  the 
immovaole  and  immediately  contiguous  concave  furface  of  the  ambient 
body ;  fo  that  'tis  a  kind  of  ve£kl,  which  every  way  contains  the  body 
lodg'd  in  it  j  but  with  this  difierence,  that  a  velfel  is  a  kind  of  moveable 
place ;.  aSj  when  a  bottle  of  wine  is  carried  from  the  cellar  to  th&  table : 
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bat  place  an  immoveable  ve(fel>  or  a  vefiTel  confider'd  as  immoveable.  Physic^; 
Now  fnppofing,  with  Arijhtk^  and  the  generality  of  philofophers,  the  pie-  ■  ^^^ 
lutude  of  the  world ;  it  may  be  truly  faid,  that  all  plants,  animals,  xnrne* 
rals,  ftars,  and  other  bodies,  are  each  of  them  in  fuch  an  Ariftotelian  place  ; 
whence  it  has  been  ufually  affirm'd,  that  what  is  in  no  place,  is  not  at  all : 
yet  it  appears  not,  how  the  outernK)ft  heaven  can  be  properly  £aid  to  be  ia 
a  place ;  fince  thefe  pluloibphers,  aflcrting  the  world  to  be  finite,  muft  grant 
there  is  no  ambient  body  without  it,  to  contain  it.  And  if  the  outermoft 
heaven  fliould  be  impelled,  by  the  power  of  God,  in  a  ftrait  line  this  way 
or  that  way,  there  would  enfue  a  motion  without  change  of  place ;  for  the 
outermoft  heaven  was  in  none  before,  and  does  not,  oy  its  progreifion, 
come  to  be  contained  by  a  new  ambient  bodv.  And  in  this  cafe,  even  ac* 
cording  to  thofe  modern  favourers  of  Arifioth^  who  approve  Des  Cartes* % 
definition  of  local  motion,  the  world  may  be  faid  to  move,  without  changing 
place ;  for  it  does  not  pafs  from  the  neighbourhood  of  fome  bodies  to  that 
of  others ;  (ince  comprizing  all  bodies,  and  yet  being  bounded,  there  is  no 
body  for  it  to  leave  behind,  nor  any  beyond,  for  it  to  approach :  and  there*^ 
fore,  tho'  every  particular  body  in  the  univerfe  is  natutally  capable  of 
local  motion,  yet  the  univerfe  itfelf  is  not ;  and  tho'  every  particular  body 
in  the  world  has  fome  determinate  figure,  yet  the  world  itfelf,  if  it  be,  ac- 
cording to  the  CartefianSj  indefinite,  has  none. 

AriftotUy  and  the  philofophers  fince  his  time,  have  generally  admitted 
the  divifion,  eftablifli  d  by  him,  of  all  Beit^s  into  fubftance  and  accident ; 
and  accommodated  their  inles  to  one  of  them,  or  to  both.    But  Gajfendus^ 
and  his  followers,  have  introduced  a  third  fort  of  Beings,  as  not  being 
either  fubftances  or  accidents.    Of  this  kind  of  things,  they  make  place 
or  Ipace  to  be ;  for  they  will  not  allow  it  to  be  a  fubfmnce,  becaufe  it  is 
neither  body  nor  fpirit ;  but  onlj^  fomewhat  that  has  a  capacity  to  receive 
or  contain  bodies ;  and  would  fubfift,  tho'  God  fliould  annihilate  all  the 
fubftances  he  has  created.    And,  for  the  fame  reafon,  it  is  not  to  be  called 
an  accident,  fince  that  neceffarilv  requires  a  fubftance  to  refide  in ;  where^ 
as,  in  cafe  of  the  annihilation  ot  the  world  itfelf,  and  confequently  all  the 
fubftances  that  compofe  it,  their  olace  or  fpafie  would  ftiU  remain,  and  be 
capable  of  admitting  a  new  world  of  the  lame  extent ;  if  God  fliould  be 
j4eafed  to  create  it :  whence  Gaffendus  wittily  infers,  that  bodies  are  ra- 
ther accidental  in  refpef^  of  fpace,  than  ipace  in  refpe£t  of  bodies.    But 
he  who  fliall,  with  an  heedful  and  unprejudiced  eye,  furvey  the  feveral 
faypotheies,  or  fyftems,  maintain^  by  the  different  fe£ts  of  philofophers, 
may  find,  that  tho'  the  inftances  will  not  be  all  of  them  the  iame,  yet  there 
arc  none  of  thefe  fyftems,  wherein  there  mscy  not  be  obferv^d  fomething 
or  other,  whereto  every  one  of  the  rules,  which  reach  to  the  other  fub- 
jedls  treated  of  in  that  philofophy,  cannot  lafely  be  applied.    And,  indeed, 
the  mind  of  man  being,  naturally,  far  more  defirous  to  know  much,  than  tp 
take  the  pains  reauifite  to  examine  whether  it  does  fb  or  not  s  is  very  apt  to 
think,  that  any  imall  number  of  things  it  has  not  diftindtiy  coimder'd^ 
muft  be  of  the  fame  nature  and  condition  with  the  idEl^  that  it  judges  of 

Ffa  the 


Physiol  die  fame  land.    For  l^'thus  dafiljr  attambg  to  the  knowledge  of  tiiii^, 
\y^r\J  the  mind  gratifies,  at  once,  both  its  vanity,  and  its  lazineis  ;  k>ddng  up- 
on thefe  condufions,  as  marks  of  the  excellency  of  its  rational  faculty  ^ 
whilft  they  rather  proceed  from  a  want  of  the  due  exercife  of  it. 
ni  Iin^mI        But,  fince  there  is  no  progrefs  ad  iufinititm  in  the  Criteria  of  truth;  and 
^Sltif^      ^^  ^'^  faculties  are  the  beft  inftruments  that  God  has  given  us,.  to« 
difcover,  And  to  examine  it  by;  I  think,  a  clear  lights  or  evidence  of  per- 
ception, fliining  in  tBe  underfbncUng,  aflRirds  us  the  greateffc  aflurance  we 
can  have,  in  a  natural  wa^^  of  the  truth  of  the  juc^ments  we  pafs  upon 
things.    And,  it  is  not  by  induAim,  but  by  evidence,  that  we  icnow  no- 
thing but  truth  fellows  from  truth.    By  which  it  appears,  that  the  innate 
light  of  the  rational  facultv,  is  more  primary  than  the  very  rules  of  rea- 
ibning  ;  fince,  by  diat  lignt,  we  jud^  even  of  this  axiom,  which  is  itfi^ 
the  ^nd  prindple  of  reafbning  by  inference.    And,  as  the  undorfbmd- 
ing  IS  ufuaUy  looked  upon  to  be  the  eye  of  the  mind,  there  is  this  anak^ 
between  them,  that  tnere  are  fbme  things  which  the  eye  may  diicem 
^  mechanically,  or  by  the  help  of  inftruments ;   as  when  it  juc^es  a  line  to 

be  ftrait,  by  the  applicalaon  of  a  ruler  to  it,  or  to  be  perpendicular,  by 
the  help  of  a  phm^line ;  or  a  circle  to  be  perfeft,  by  the  help  of  a  pair 
of  compades :  but  there  are  odier  things  which  the  eye  perceives  and 
judges  of  immediately,  by  intuition,  and  without  the  help  of  organs,  or 
inftruments  ;  «s  when,  by  the  bare  evidence  of  the  percq)don,  it  knows, 
ijiat  this  cdour  is  red,  ami  that  blue ;  diat  fhow  is  white,not  black ;  and 
'  a  coal,  black,  not  white.    For,  thus  there  are  fome  things,  which  the  intelr 

le^ufuaHy  judges  of  in  a  kind  of  organical  way;  that  is,  by  the  help  of 
certain  rules,  or  hypothefes,  fuch  as  are  a  great  pan  of  the  theorems,  and 
conclufions  in  [^ilolophy,  and  divinity;  but  there  are  others,  which  it 
knows  without  the  help  of  thefe  rules,  more  immediately,  and,  as  it  were, 
intuitively,  by  evidence,  or  perception  ;  as  that  "  two  contradiftory  pro- 
pofitions  cannot  both  be  true  ; "  that  "from  truth,  nothing  but  truth  can 
juftly  be  deduced,*'  tXc.  Tis  alfb,  upon  this  evidence  of  perception,  that 
we  receive,  with  an  undoubted  aflent,  many  primitive  ideas  and  notions  ; 
fuch  as  thefe  of  extended  fiiftftance,  or  body;  divifibility^  or  local  motion^ 
a  flrait  line,  a  circle,  &c. 

And,  it  feems  to  me,  that  the  internal  light,  which,  the  author  of  na- 
ture has  fet  up  in 'the  mind  of  man,  qualifies  him,  if  he  makes  a  right  ufe 
of  it,  not  only  to  apply  the  inftruments  of  knowledge,  but  alfo  to  franie^ 
and  to  examine  them.  For,  by  the  he^>  of  this  lights  the  underftanding 
is  enabled  to  lock  about,  and  both  to  confider  a-part,  and  compare  toge- 
ther, the  natures  of  all  kind  of  things ;  witliout  being  ncceffitated  to  employ, 
in  its  fpeculations,  the  rules,  or  di£bates  of  any  particular  ieience,or  difci- 
pline;  being  fufficiently  afliftedby  its  own  light,  and  thofe  axioms  and  notions 
that  are  oia  general  nature,  ana  perpetual  truths ;  and  fo,  of  a  higher  or- 
der than  the  diftates  or  rules  oi  any  particular,  or  fubordinate  fcience, 
or  art.  And,  by  thefe  means,  the  imderftanding  maj:  perceive  the  imper- 
fection and  falfity  of  iiicb  rules,  or  theorems^,  as  thole  men  who  look  np 

higher^ 


nings  above  Reason,  confider'd.  i^i 

higher,  lior  further  than  their  ownparticular  fciencfi^  or  art,  embrace  Physio 
for  certain  and  unquelHonable,  Ttius,  philofophers  obferving,  that 
they  could  frame  a  clear  notion  of  a  thing,  without  confidering,  whether  it 
were  aftually  in  being,  or  not;  or  even  when  they  fuppofed,  that  'twas  not 
aftually  in  being ;  as  we  can  frame  a  clear  conception  of  a  rofe  in  winter, 
when  there  are  none  to  be  found  mowing ;  and  have  a  notion  rfa  myriagon, 
tho',  very  likely,  there  is  no  fuch  figure  really  exifting  in  the  world  ;  men 
have  generally  concluded,  that  the  effence  of  things  is  diflFerent,  and  fepa- 
rable  from  their  exiftence  :   yet,  when  we  confider,  that  God  is  a  Bemg 


they  muft  be  infeparable  m  God  ;  and,  confequently,  that  the  fore-men- 
tionM  rule,  tho'  more  general  than  almoft  any  other,  is  not  abfolutely  uni^ 
verfal,  but  muft  be  limited  by  the  light  of  reafon.  And  thus,  alfo,  phi- 
lofophers confidering,  that  not  only  all  forts  of  bodies,  but  the  immaterial 
fouls  of  men,  are  endowed  with  qualities,  which  are  accidents, have  inclu—  , 

ded  it  in  the  very  notion  of  a  fubftance,  to  be  the  fubjeft  of  accidents*  i 

But  the  free  intelleft,  finding  in  itfelf  a  notion  of  an  abfolutely  perfeft,.and,. 
therefore,  exiftent  Being ;  and  confidering  that  to  be  the  fubjecb  of  accidents, 
is  not  a  thing  agreeable  to  the  higheft  perfeftion  poffible,  it  concludes, 
that  in  God  there  are  no  accidents.  And  this  conclufion  has  been  embra- 
ced as  a  part,  not  only  of  chriftian,  but  of  natural  theology  ;  and  main- 
tained, by  feveral  philofophers  themfelves,  upon  metaphyfical,  and  othftH 
merely  rational  grounds.  In  Ihoft,  the  native  light  of  the  mind  may  ena- 
ble a  man,  who  will  make  a  free,  and  induftrious  ufe  of  it,  both  to  pafj 
a  right  judgment  of  the  extent  of  thofe  very  didlates,  that  are  commonly 
taken  for  rules  of  reafon ;  and  to  frame  others  on  purpofe  for  privalegd 
things- 

^thfyj  Where  privileged  things  are  concern'd,  we  are  not  bound  to  re-*ii.^f4|j 
ieft,  as  falfe,  whatever  we  know  not  how  to  reconcile  with  fomething  ' 

that  is  true. 

I  think,  it  will  not  be  doubted,  that  there  are,  or  may  be  conceiv^d^^ 
ftrait  lines,  whereof  one  is  a  hundred,  or  a  thoufand  times  longer  than 
another  ;  'tis  alfo  generally  granted,  that  a  longer  line  confifts  of,  or  may 
afford  more  parts,  than  a  (horter  :  and,  laftly,  'tis  generally  acknowledged, 
that  no  number  can  be  greater  than  infinite.  Now,  I  fliould  gladly  fee 
thefe  propofitions  reconciled  to  the  demouftrations. of  geometricians,  about 
the  endlels  divifibility  of  all  ftrait  lines  v  whence  they  deduce,  that  the* 
they  be  very  unequal  among  themfelves,  yet  the  ihorteft  of  them  contains, 
or  may  afford,  inhnite  parts«  I  am  far  from  affirming,  that  one  truth  can 
really  contradidl  another  v  yet,  I  think,  that  which  is  but  gradual^  or  li- 
mited truth,,  may,  in  fome  few  cafes,  be  irreconcileaWe,  oy.  us,  to  aa 
abfolute  and  univerfal  truth.  We  may  diftinguifli  thofe  propofitions,  we 
call  true,  into  axioms  metaphyfical,  or  univerfal,  that  hold  in  all  cafes,  witli"^ 
outreferve  l  ^nd  axioms  coUedbd^  or  emergent  j  by  wluch^  I  mean  fuch 
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1iY^<^9,  n  tefote  {fofn  comparing  together  many  partkaltfa,  that  agree  ift 
^^  '  dnng  common  to  them  alL  Am  fome  of  thcfc,  tho' they  be  fo  ^nertt,  th«, 
fa  the  ufual  fnbje6b  of  our  reafoning,  diey  admit  of  no  exceptions^  yet  may 
ffot  be  abfoiutely^  and  without  timitation,  true.  Of  tlus  we  have  an  inftance, 
irren  in  that  a»om  which,  almoft,  all  natural  philofophers  have  fuppofed^ 
and  built  on,  that  fbmettnng  cannot  be  made  out  of  nothing ;  which,  tho' 
at  leafty  one  of  the  Ugheft,  or  gradual  troths,  may  yet  not  be  univerially 
true  ;  fince,  fer  ou^  we  know,  God,  who  is  acknowledged  a  Being  infi-- 
nitely  perfeft,  may  poflfefs,  and  tuive  exerdsM  the  power  of  creating. 
And,  in  fudi  cafes  as  this,  not  to  be  able  to  recondle  a  truth,  concerning 
a  privilee'd  thing,  with  a  propofition  that  generally  pafifes  for  true,  will 
AM  prefently  oblige  us  to  reject  either  propofition,  as  &lfe ;  but,  fome- 
times,  wkhout  deftroying  either,  only  to  give  one  of  them  a  due  limita- 
tion, and  reftrain  it  to  thofe  forts  of  things,  on  which  'twas  at  firft  ground- 
ed ;  and  to  which  'twas,  becaufeof  mairs  ignorance,  or  inconfideratenefs, 
not  at  firft  confined.  And,  if  the  miracles  vouched  for  any  region,  be 
any  of  them  granted  true,  it  cannot  well  be  denied,  that  phyfical 
{Mropofitions  are  but  limited,  and  fuch  as  I  call  coUefted  truths ;  bdng 
gathered  from  the  ietdc^  phetK>mena  of  nature,  and  liable  to  this  li- 
mitation^ or  exception,  that  they  hold,  only  where  the  irrefiffiUe  power 
of  God,  or  fome  other  fupematural  agent,  is  not  interpos'd,  to  alter  the 
courfe  of  nature. 

Now,  the  reaion  why  we  judge  things  are  repugnant,  being,  that  the 
fiiotions,  or  ideas  we  have  of  them,  feem  to  us  inconfiftent ;  if  either  of 
thefe  notions  be  wrong  framed,  or  be  ]udg'd  of,  by  an  unfit  rule,  we 
may  think  thofe  propofuions  to  be  contradidlory  that  really  are  not.  Thus 
thofe  ufed  to  employ  their  imaginations  about  things,  which  are  the  proper 
objects  of  the  mtelleft,  are  apt  to  pronounce  others  to  be  inconceivable, 
only  becaufe  they  find  them  unimaginable  ;  as  if  the  fancy,  and  the  intel- 
left,  were  faculties  of  the  fame  extent.  Upon  which  account,  fome  have 
fo  grofly  erred,  as  to  deny  all  immaterial  lubflances  ;  and  chofe,  rather, 
fo  far  to  degrade  the  Deity  itfelf,  as  to  impute  to  it  a  corporeal  na- 
ture, than  to  allow  any  thing  to  have  a  being,  that  is  not  comprehenfible 
by  their  ima^nation  ;  which  themfelvcs  acknowledge  to  be  but  a  corporeal 
feculty.  But,  befides  this  miflake  of  things  repugnant,  which  arifes  from 
the  mifapplication,  or  mifmanagement  of  our  diureming  faculties,  there  may 
be  another,  that  proceeds  from  the  imperfeftion,  and  limitation  of  our  un- 
derftanding  ;  which  being  unable  to  judge  of  privilcg'd  things,  as  it  does 
of  other  objefts,  may,  fometimes,  be  unable  to  cUfcover  the  reconcileable- 
nefs,  which  a  more  illuminated,  and  penetrating  faculty,  may  difcem. 
This  may  be  illuffaated,  by  what  ufually  happens  at  fea,  where  there  is  a 
free  profpeft  ^  when,  lookmg  towards  the  main,  the  sky,  and  the  waters, 
feem  to  meet  at  the  edge  ot  the  fenfiblc  horizon  ^  tho*,  indeed,  they  areas 
(or  diftant,  as  the  heavens  fixmi  the  earth.  On  the  other  hand,  if  you  skil- 
fully mix  together,  the  dry  and  fine  powder  of  orpiment,  and  that  of 
indigOj  you  will  pioduce  a  ^reen  colouTt  as  is  known  to  painters  s  where- 
in 


in  the  rye  takes  iHJtice  but  of  an  uniform  mixture,  in  which  it  diftinguiflies  Physio 
neither  bhie,  nor  yellow ;  but  if  you  look  on  this  mixture  thro'  a  microfcope, '  """ 
the  former  colour  dlfappears,  and  you  will  plainly  fee,  inftead  of  it,  blue 
and  yellow  grains  of  tne  powder,  diftinft  n-om  one  another.  Thefe  in^ 
ftances  may  ferve  to  fliew  the  weakhefs  of  our  vifive  faculty ;  and  the  lat- 
ter of  them  teaches,  that  a  thing  may  appear  one  and  different,  as  'tis 
look'd  upon  by  a  naore  or  lefs  difceming  eye.  But  an  inftance,  more  to 
our  preient  purpofe,  is  afforded  by  yellow  diamonds,  which,  hecauik  of 
their  colour,  the  generality  of  goldfmiths  take  to  be  counterfeit  gems; 
tho'  very  skilful  lapidaries  will,  by  fure  figns,  difcover,  and  acknowledge 
them  to  be  true  diamonds.  Whence  we  learn,  that  a  more  skilful  judge 
may  difcem  an  agreement  in  things  that  almoft  all  other  men  think  they 
fee  manifeftly  to  be  of  different  natures. 

I  have,  alfb,  feveral  times  obferved,  that  men  judge  two  things  to  be 
irreconcileable,  not  only  when  they  are  both  of  them  reprefented  to  the 
underftandin^  in  the  form  of  propofitions,  but  when  one  of  them  is  only 
a  notion,  or  a  current  definition.  For  feveral  of  thefe  notions  contain  in 
them  a  propofition,  or  are  equivalent  to  it :  as,  when  a  circle  is  defined 
to  be  a  ngure  contained  by  a  line,  all  whofe  parts  are  equally  diftant  frona 
a  point  in  the  middle;  this  definition  contains  an  affirmation  of  the  eflen- 
tial  property  of  a  circle ;  which,  by  the  generality  of  geometricians,  is,  there- 
fore, diftinguifli'd  from  that  conic  feftion  they  caU  an  ellipfis ;  tho*  that, 
be  alfo  a  figure  terminated  by  one  curve  line. 

But,  if  a  man  has  not  genuine,  and  adequate  notions  of  the  things  he 
judges  of  5  he  may  confidently,  and  even  upon  very  probable  grounds, 
take  things  to  be  inconfiftent,  that,  in  reality,  are  not  fo.  If  an  ordinary 
mathematician  fliould  hear  one  man  fay,  that  fuch  a  figure  is  an  ellipfis, 
and  another  affirm  it  to  be  a  circle  ;  he  would  think  their  affertions  to  be* 
inconfiftent,  having  his  mind  prepoffeffed  with  an  ellipfis  being  a  conic 
fe£tion,  whofe  properties  muft,  therefore,  he  fuppoies,  be  very  different 
from  thofe  of  a  circle ;  whereas,  fuch  wary  geometricians,  as  the  learned.. 
Dr.  WalliSy  will  tell  him,  that  the  vulgar  notions  of  conic  fedHons  are  not 
adequate  to  the  figures  producible  by  them.  Tis  true,  when  a  right 
cone  is  cut  quite  thro*  by  an  inclining  plane,  the  figure  produced  by  the 
fe^on,  agrees  well  with  the  received  notion  of  an  ellipfis,  in  which  the  di- 
ameters are  of  an  unequal  length ;  yet  if  the  plane  cut  the  cone  parallel  to 
the  bafis,  that  conic  fedHon  will  be  a  true  circle^  having  all  its  diametera 

equal 

T'lSy  indeed,  an  uncommon,  and  unheeded  account,  but  fuch  an  one 
upon  which  I  have  obferv'd,  not  only  logicians,  but  philofbphers  them-^ 
felres,  to  err  about  judging  things  reconcileable,  or  inconfiftent;  that  if 
a  man  be  not  fuffidmtly  acquainted  with  the  nature  of  either  of  :the  two. 
things  under  oonfideration,  he  may  think  there  is  a  contradi^ioa  between 
them,  when  there  is  none  to  a  fuperior  underflanding.  For,  taking  ic 
fer  granted,  that  he  knows  one  thing  for  a  truth  ;  if  iome-othar  thing  be 

affirxxlMto  beib^  which  he  faas..iiot  $kiU  esuyi^to^  &e  lx>w  tp  xeccM^ 
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?HTsics.  the  Other ;  no  wonder,  how  well  foever  this  may  be  evinced,  that  he  fhould 
as  little  know  how  to  admit,  as  how  to  rejeft  it.  Thus,  a  novice  in  arith- 
metic, for  example,  finding  that,  according  to  his  rules,  there  is  not  one 
mean  proportional  number  between  4,  and  3  z,  will  fcarce  be  able  to  re- 
concile that  propofition  to  this  other,  that  there  are  two  mean  propor- 
tionals between,  tne  fame  numbers ;  for  he  may,  with  a  great  appearance  of 
reafon,  ask  how,  if  there  be  not  lb  much  as  one  mean  proportional,  there 
can  be  two  ?  whereas,  thofe  who  are  acquainted  with  the  nature  of  ranks, 
or  feries  of  numbers,  proceeding  in  geometrical  proportion,  will  eady  dif- 
cem,  that  between  thofe  two,  both  the  number  8,  and  the  number  itf, 
are  proportionals.  Thus,  if  an  old  fchool-phitofopher,  or  a  mathemati- 
cian, not  acquainted  with  the  later  difcoveries  made  bv  telefcopes,  ihould 
hear  one  man  fay,  that  the  moon  is  the  mofl:  enlighten  d  when  ihe  appears 
full  to  us ;  and  another  affirm,  that  flie  is  more  enlightened  at  the  new 
moon  than  at  the  full :  he  woiUd  readily  conclude,  upon  the  fuppofition 
that  the  moon  receives  all  her  light  immediately  from  the  fun,  tnat  the 
latter  affirmation  cannot  be  true ;  which,  yet,  he  would  not  conclude,  if  he 
knew  that  the  moon  is  as  well  enlighten^  by  the  earth,  as  the  earth  by  the 
moon :  upon  which  account,  as  at  the  full  (he  receives  but  thoie  rays 
that  come  to  her  directly  from  the  fun ;  at  the  change,  flie  receives  both 
them  in  that  part  of  her  oody  tum'd  to  him,  and  thote  other  beams  of  his, 
which  are  refle&ed  from  the  terreftrial  globe  to  that  part  of  the  moon  that 
is  neareft  to  us.  And  thus,  alio,  .before  the  time  of  Pythagoras^  not  only 
the  vulgar  of  the  Greeks^  but  their  philoibphers,  and  mathematicians  too^ 
often  obfervin^,  that  a  brieht  ftar  preceded  the  rifing  fun  %  and  that,  fre- 
quently, likewife  on  other  days,  afrer  fun-fet,  another  ftar  appearM,  which 
was  none  of  the  fixed  ones ;  they,  confidently,  concluded,  from  the  diftant 
times  of  apparition,  that  the  fun  was  attended  by  two  different  &zts  ;  to 
which,  accordingly,  they  gave  two  different  names :  but  Pythagoras^  (who 
was  a  far  better  aftronomer,  as  appears  among  other  things,  by  his  main- 
taining, in  thofe  early  times,  the  motion  of  the  earth  about  the  fun)  un- 
dertook to  difabufe  them,  and  effefted  it.  Now,  if  one  who  had  obferv'd 
Venus,  only  in  the  morning,  fhould  have  affirmM,  that,  befides  the  fix 
known  planets,  there  was  a  feventh,  Phofphoms,  which  preceded  the  rifing- 
funj  and  another,  who  had  taken  notice  of  her  only  in  the  evenings, 
ihould  affert,  that,  befides  the  fame  fix  known  ones,  the  only  feventh  was 
Hefperus,  which,  fometimes,  appeared  after  his  fetting  h  a  by-ftander  woul4 
prefently  have  concluded,  that  their  affertions  were  not  reconcileable,  ei- 
ther to  one  another,  or  to  the  truth ;  which,  in  his  judgment,  was,  that 
there  muft  be  no  lefs  than  eight  vifible  planets.  Yet  Pythagoras,  who  had 
more  skill,  difcernM,  and  taught,  that  thefe  two  phenomena  were  pro- 
duced by  one  and  the  fame  planet,  Venus,  determin  d,  by  its  peculiar  mo- 
tion about  the  fun,  to  (hew  itfelf  near  our  horizon,  fometimes  before  he 
afcends  it,  and  fometimes  after  he  had  left  it.  Such  inftances  as  thefe, 
tho'offer*d  but  as  illuflrations,  may  diffuade  us  from  being  too  forward 
to  rejeft  eveiy  prqpofition  that  we  lee  not  how;  to  reconcile  to  what  we 
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take  for  a  troth  i  provided  the  diftrufted  propofidon  be  fuch  as  we  would   Fhtsics. 
acqmefce  in^  if  we  could  reconcile  it  to  the  fuppofed  truth.  Vn^^^J 

Upon  the  whole,  it  appears,  that  when  two  propofidons  are  laid  down, 
one  whereof  is  made  evident  to  us  by  experience,  or  by  reafbn,  a^ing 
within  its  own  jurifcli&ion,  or  compafs;  and  the  other  fufficiently 
prov'd,  by  being  mathemadcally  demonftrated,  or  duly  attefted  by  divine 
xeveladon  j  we  ought  not  to  rejeft  either  of  thefe  propofitions  as  no  truth^ 
merely  becaufe  we  do  not  yet  know  how  to  reconcile  them :  but  we  ihould 
rather  thmk,  that  the  collected  propofition  is  only  a  gradual,  or  limited 
truth ;  or  elfe  confider,  that  we  knowing  but  fo  imperfectly  as  we  do, 
the  {^icular  natures  of  privileged  fubje&s,  there  may,  poffiblv,  be  a 
iuperior  inteile£l,  able  to  difcem  an  agreement  between  what  is  delivered 
about  that  fubje^,  and  the  affirmadon  which  feems  repugnant  to  it;  the' 
we  are  not  quidc-fighted  enough  to  perceive  this  agreement. 

Nor  will  this  c^rine,  if  duly  limited  to  the  fubjeAs  wherein  alone 
I  would  have  it  admitted,  expofe  us  to  have  falfities  impofed  on  us  at 
the  pleafure  of  bold,  and  didtadne  men.  For,  if  neither  of  the  things  be 
privileged,  but  both  in  the  jurii^ftion  of  ordinary  reafon ;  I  require, 
that  the  prqpofidons  framed  abotft  them,  be  eftimat^  according  to  the 
common  dioates  of  reafon.  And,  even  in  cafes  where  one  of  the  propo* 
lidons  is  about  a  privileged  thing ;  I  do  not  at  all  think  fit,  that  it  fhould 
be  received,  in  fpite  of  its  being  repugnant  to  the  gradual  truth  deliver 'd 
in  the  other ;  unlefs  it  can,  by  fome  other  argument,  fufficient  in  its  kind, 
be  prov'd  to  be  true.  Thus,  tho'  men  know  not  how  to  reconcile  the  li- 
berty of  their  own  will  with  the  infallible  knowledge  that  God  has  of 
thofe  anions  that  flow  from  it ;  yet  they  have  unanimoufly  )udg'd  it  rea* 
jbaable  to  believe  both  free  will,  and  prefcience :  the  fi>rmer,  becauie  they 
&lt  it  in  themfeives ;  and  the  latter,  becaufe  the  fore-knowledge  of  things, 
beipe  manifefUy  a  perfection,  ought  not  to  be  deny'd  to  God,  whom  they 
look\l  upon  as  a  Being  fupremely  perfedt ;  and  becaufe  fome  aCtions,  and 
events,  that  they  all  judg  d  to  flow  from  mens  free  will,  were,  as  the  ge- 
nerality believ'd,  foretold  by  prq)hetic  oracles.  But,  fince  we  have  fcarcc 
any  way  of  difcovering  a  falfity,  but  by  its  being  repugnant  to  fomewhat 
that  is  true ;  to  deny,  that,  in  cafes  within  the  jurifdidtion  of  ordinary 
reafon,  the  repugnancy  of  a  propofition  to  any  manifeft  truth  pusht  to 
iway  our  judgments,  were  to  deprive  us  of  the  moft  ufefiil  critenon  to 
iiiftinguiih  between  truth  and  falihood. 

Laltly,  in  privileged  things,  we  ought  not  always  to  condemn  that  opi-  tbtfixibsni 
nion  which  is  liable  to  ill  confequences,  and  encumber*d  with  great  incon-  Sl^^^ilijI 
veniences, .  provided  the  pofitive  proofs  of  it  be  fufficient  in  their  kind.         ^tv#  rv«/oii. 

That  this  rule  may  be  the  more  eafily  admitted,  I  fhall,  feparately, 
fuggefl  three  things,  which,  I  defire,  may  be,  afterwards,  confider'd  all 
together. 

Firft,  dear  pofidve  proofs,  propordonate  to  the  nature  of  things,  are 
genuine,  and  proper  modves  to  induce  the  underftanding  to  aflfent  to  a 
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V^H^^finnnefs  of  an  Alfem:^-  that  the  nnderftandiiig  ukes  nbdcef  of  the  conlSs- 

ifUesiees  that  may  be  dravn  frcim  it,  or  the  wienlties  wh^i^swith  it  ^ay 

b&  encumbered.'.  This  19  plain  sp  dioie  aifetits  wiiicb>  of  aU  others^  niefdv 


iDattffai  itt  kaft,  ar^  by  laio wing  meh;  thou^  to!  fee  the  feo^  undoubcM, 
'aiuimbeft«^mndM;^  the  atfents  tfkr  ai^  gi?^  to  die  t^ 

gebmetricU  demotifiradons :  yet  ElkUd^  for  ittflaitce^  in  all 'Us  elements 
ofgeometxy»  in  ibme  of  whidi  Ini^iung  paradoxes  are  ddivi^'d,  coii^ 
tents  himudf  to  demonftiate  his  awstions  ^n  a  mtchonatical  way:  a^ 


does  noc  anJArdTf  :dr  tfllce  m  'And  thegtioihe^ 

tridims  of  boir  days  diink  they  itiay  imy^»)^vi^hfs'^^^ 
fcsix^  i£  iitst^^  aniii^M  w  thbjhi  without- knbwii^  or  tMnn 

bfing  themfelves  widi  the  .ftbtildes  employed  by  the  fceptic  Seyetm  Em* 
firicusy  or  others  of  diatfiAv  m  their  wndi%s  kjsa&ift  the  mathemaddans, 
and  all  a&rtors  of  affiled  laK)w1ec^  .    - 

dungs  td)idi  ott^  ^»«]^^  bi's'itK^  do 

sot  perfectly  compruend;  tuid  that  iieveidic)d&  Aien  have  hot  rlefntin'd 
fix)m  prefuniing  to  dogmftdze»  aiid'framis  nodbUs  and  rales  about  inch 
tUt^  as  if  my.undkrftood  them  very  weU.  Whence  it  m^  needs 
cometopai^  tint  if  they  wwesdibd^  m  in  tJdngs  ftridiAfidcr -t^^^^ 
!skfeIyt%.ofU^Wete^  d«kft>«^  JM^'^^^  rtdesth^taid  do^,  >4 
%yt»cmt  the  propofidons  bpprifite  t6  dieir  ihiflit|c6s  co  bfe  liable  to  vtH^ 
grea^  jf  not  m&iK9^  ' 

TfunUVf  as  we  need  not  wonder  that  pnyilegM  things^  which  are  ufiH 
aHy  fo  fuolime,  as  to  have  been  oat  of  the  view  of  dioie  who  framed  the 
rmes  whcnrby  we  judge  of  odier  diings,  fhould  be  thou^  liiable  to  greiiit 
t^jeftions  l^  them  who  judge  of  all  things  only  by  thofc  rules ;  fo  we 
fliould  not  require  or  cxpeft  more  evidence  ot  a  truth  relating  to  fuch 
thingSj  than  that  there  arc  for  it  fuchTufEcienc  pofitive  reafons,  as  not- 
withftanding  objeftions  and  inconvcniencies,  make  it,  upon  the  whole, 
worthy  to  be  embraced. 

Euclid,  indeed,  befides  that  more  fadsfadory  way  of  direft  probation, 
which  pcihaps  he  might  have  oftener  employed  than  he  did,  has  ibmcrimes, 
where  ne  dioo^ht  it  needful,  had  recourfe  to  a  way  of  arming  to  an  alv 
fur^ty.  But  m  thefe  cafes,  he  never  goes  out  of  the  difcipline  he  treats 
of  J  and  confining  himfeif  to  arguments  drawn  from  quantity,  he  urges 
nothing  as  abfiird,  but  what  is  undeniably  repugnant  to  fbme  truth  he 
had  already  demotlfirated,  or  to  thofe  clear  and  undifouted  definitions, 
axioms,  or  Pofiulat'ay  nvWch  he  fuppoies  to  have  been  already  granted  by 
thofe  he  would  connnce.  But  tho*  he  thus  argue^  to  prove  that  his 
readers  cannot  contradict  him  without  contradicting  themlelves ;  yet  we 
find  not  that  he  was  at  all  folidtous  to  clear  thofe  difficulties,  that  a  man 
fo  quick-fighted  could  not  but  know  fome  of  his  theorems  were  attended 
with,"  but  he  is  contented  to  demonfbrate  the  incommenflirability  of  the 
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fide  ^nd  diagonal  of  afqtiaie,  without  troablin^  himfetf  to  Cfike  ixatXct  (A*  Putsics- 
the  feeming abfurdtties  that attondthe  endlefs  £vt(ibility  6(  a  line^  which 
wbuki  follow  from  what  he  idemonftratcd;        . 

Tis  true,  about  ibme  privileged  things  there  are,  and  about  fome  others 
there  may  be,  Tcoiltiadi^ry  opinions  inahitain;'d.  Now,  as^  both  of  thefe 
cam^  be  true, :  one  of  tbrai  mnft  be  io ;  as,  tho^h:  be  hotly  diipotDd  whe- 
ther quantity  be  endlefly  divifible,  yet  certainly  it  either  muft,  or  iUilft  not 
be  divifible  without  end :  and,  as  was  formerly  obferv'd,  which  fide  foever 
you  take,  the  inoonveniencies  will  be  exceeding  great ;  and,  perhaps,  there 
will  lie  objedlions  againft  it  fcarce  to  be  direftly  anfwerM.  And  fince  one  of 
the  two  oppofite  opinions  muft  be  true,  it  will  not  always  be  neceflary  that 
an  opinion  muft  be  falfc,  which  is  encumbered  with  great  difficulties,  or  lia- 
ble to  puzzling  ob jeAions.  And,  therefore,  if  the  pofiti ve  proofs  on  one  fide 
be  clear  and  cogent,  tho'  there  be  perplexing  diniculties  obje&ed  by  the 
other ;  the  truth  ought  not,  for  their  lake,  to  be  refefted :  beoaufe  fuch 
difficulties  proceeding,  ufually,  either  from  notions  that  men  prefume  to 
frame  about  things  above  their  reach,  or  from  rules  that  were  not  made 
for  fuch  points  as  are  in  difpute ;  the  obje&ions  are  not  to  be  judc'd  fo 
well  founded,  as  is  that  acknowledged  principle  in  reafoning,  *  from 
truth  nothing  but  truth  can  be  juftly  infer  a/' 

I  confefs,  I  have  always  thought  it  reafonable,  in  fuch  cafes,  to  com- 
pare as  well  the  pofitive  proofs  of  one  opinion  with  thofe  of  the  other, 
as  the  objedlions  that  are  urg^d  on  either  fide;  and  thence  make  my  efti- 
mate,  upon  the  whole,  the'  whft^a  peculiar  teff^  to  that  opinion  which 
has  a  great  advantage  inpcmit  bfpofidnre  arguments;  becauie  thofe  are^ 
unqueftionably,  the  proper  krfintuwiita-to  aflbit.  And,  then,  the  ob- 
jedtions  may  well  enough  bd  ftilfiefted  to  proceed  from  the  abftruie  nature 
of  privil^ed  things,  and  the  great  narrownefs  of  the  rules  whereby  men 
ufually  judge  ot  things.  For  we  may  have  a  fufficiently  clear  proof, 
that  a  thing  is,  whilft  we  have  no  fati'sfaftory  coneeption  of  its  manner 
of  exifting,  or  operating  ;  our  infer'd  knowledge  bemg  clearer,  and  ex- 
tending farther,  than  our  intuitive,  or  apprehenfive  knowledge. 

But,  even  about  things  that  we  cannot  fufficiently  underftand,  we 
may,  in  fome  cafes,  exercife  our  reafon,  in  anfwering  objeftions  that  are 
thought  unanfwerable,  becaufe  not  direftly  fo.  For  we  may,  fometimeSy 
fliew,  by  framing  in  another  cafe  a  like  argument^  which  the  adver- 
fary  m^ft  confefs  does  not  conclude  well ;  that  neither  dees  the  argument, 
containing  his  objeftion,  conclude  right. 

However,  we  muft  not  expeft  to  be  able,  as  to  privileged  things,  and 
the  propofitions  that  may  be  framed  about  them,  to  refolve  all  difficul- 
ties, and  anfwer  all  cbjeftions ;  fince  we  can  never  direftly  anfwer  thofe 
which  require  for  their  folution  a  perfeft  comprehenfion  of  what  is  in- 
fiflitfc.  As  a  man  cannot  well  anfwer  the  objeftions  that  may  be  made 
againft  the  Antipodes^  the  dcftrinc  of  cclipfcs,  that  of  the  different  phafes 
of  the  moon,  and  of  the  long  days  and  nights  of  fome  months  near  the 
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funici.  pole^  the  tfaeonr  «f  die  duwt^  &c.  vdefi  heimdfliftuKl  dw  nunre  «( 
\«^VX/  the  fphere^  aod  £iiiie  odier  prmcipfa  <£  cnfinoeni^,  and  tiBaooaof, 
So  tlut  where  privikged  thm^  are  concnn'd,  dear  aDdpofitwe  xtga^ 
meats  oog^toMiof  greatve^lK,  ui'&n)iir<ntlieo(uiitonth(yooiidiide 
fiur ;  even  when,  on  &  oontran'  6d^  we  may  difboiirfe  oorulves  int» 
&cfa  diffiaikie^  as  pexpto^  Ha9:peidianoe,  poule  our  liinked  uado^^' 
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TH  E  queftion,  I  here  defign  to  confider,  is.  Whether  to  believe  the  'Br^uMtftA- 
refurre6tion  of  the  deao^  which  the  chriftian  rdigicm  teaches^  be  ^''••**^ 
to  believe  an  impoffibility  ? 

I  do  not  pretend,  that  the  refurre£tion  is  a  thing  know^ble,  or  di-- 
redtly  provable,  by  the  mere  light  of  nature ;  nor  that  it  may  i>offibiy 
be  tfktktd,  by  mere  phyfical  agents :  fo  that,  treating  of  the  pbifibility  of 
the  ^eral  refurredion,  I  here  take  it  for  granted,  that  God  has  been 
pleafed  to  promife  and  declare,  that  there  fhall  be  one ;  and  that  it  fhall  be 
e£kfted,  not  according  to  the  ordinary  courfe  of  nature,  but  by  his  own 
immediate  power. 

It  muft  alfo  be  obferved,  that  the  refurrefHon  taught  by  the  chrifBair 
religion,  is  not  here  meant,  in  fuch  a  latitude,  as  to  comprize  all  that  any^ 
particukr  church,  or  feft  of  chriftian  s,  much  lefs  what  any  private  wri-* 
ter  hath  ta\:^ht  about  it ;  but  onty  what  is  plainly  delivered  as  to  this  pointy 
in  the  fcripture. 

I  muft  further  premife,  that  ^tis  no  eafy  matter  to  determine  what  is  i^itii  ^ 
abfi>Iutely  neceflSiry,  and  but  fufficient  to  make  a  portion  of  matter,  ccm-  j^^^  ^ 
fiderM  at  different  times,  or  places,  fit  to  be  reputed  the  fame  body.  That 
the  generality  of  men,  in  vulgar  difcourfe,  allow  themfelves  a  great  lati* 
tude,  in  this  cafe,  will  be  eadly  granted,  by  him  who  obferves  the  re- 
ceived forms  of  fpeaking.  Thus  Rome  is  faid  to  be  the  fame  city,  tho*  it 
hath  been  often  taken,  and  ruinM  by  the  Barbarians^  and  others.  Thus, 
an  univerfity  is  faid  to  be  the  fame,  tho'  ibme  colleges  fall  to  ruin,  and 
new  ones  are  built ;  and,  tho'  once  in  an  age,  all  theperfons  who  composed 
it,  are  fucceeded  by  others.  Thus,  the  Tlhames  is  iaid  to  be  the  feme  ri- 
ver, that  it  was  in  the  time  di  our  fore-fathers  i  tho'  indeed,  the  water, 

that 
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tfrnsici*  that  now  runs  under  Loudou^dge^  is  not  the  lame  that  ran  there  an 
hour  ago,  and  is  quite  other  than  tlut  which  will  run  there  an  hour  hence. 
And,  fo  the  flame  of  a  candle;^  is  faid  to  bette  ftme^  fer  manv  hovrs^te- 
gether^ftho'  it,  inde<Ml,  be  evttjr  tfiinut^  a  new  body ;  and  tho^  the  kinctted 
particles  that  compo&  it,  at  any  time  aflignM,  are  continually  putting 
off  the  form  of  flame,  and  are  rmaisM  by  a  fucceffion  of  the  like. 

Nor  is  it  by  the  vulgar  only,  ttiat  the  notion  of  identity  has  been  hard 
to  be  obtaia'd  ;;  for,  it  iecms,  diat  eve|^  the  a^ci^nt  philofopl^prs  liare  been 
puzzled  ab(Hit  it  i  witnefi  their  difputes.  ^^iiechef  the  fh^  .o£  fj^s  were 
the  fame,  after  it  had  been  fbfiu:  repair  d,  from  time  to  time,  to  preferve  it 
as  a  monument,  that  foirce  any  plank  remainM  of  the  former  timber.  And, 
even,  in  metaphyfics,  I  think  it  na  eaiy  taak,  to  eftabhfh  a  true  and  ade- 
quate notion  of  identity ;  and  clearly  to  determine,  what  is  the  true  principle 
d' iMliviihtati(»K  Ai^;  this  ^  is  t^  fuxMiungjrfer^  f^"^^  ^^^  °^ 
wlb'diinks/conceives'm  his  iHind,^s,ortiat  ^jSdUty,niitidti^  or  Oj^gregftt 
of  qualities,  to  be  that  which  is  eflential  to  a  certain  body,  and  proper  to 
^ve  it  a  peculiar  denominftidbli;  wttrebyit  (ConesJo  pais,  that,  as  one  man 
chiefly  refpe£ls  this  thing,  and  another  that,  in  a  body  that  bears  fuch  a  name ; 
ioone  may  eafily  look  upon  aboc^s  the  fame;  fatMufe  -k  x^taifts  what  he 
chiefly  confider'd  in  it ;  whilfi:  another  thinks  it  to  be  changed,  becaufe  it 
*  has  loft  that  which  he  thougfac  was  the  detotaiividilg  quality,  4>r  affcrt|iacek 
Thus  jrfiilofiiphers,  and  pfaj^csans  di&gree  about  water,  aad  ice  $  fomfeku- 
king  the  latter  to  be  but  the&rmer  diignia*d|beeauie  hq|Jbof 

themeold^ And  iimpte  bodies;  and  the  htter lealily  rediH^^le  to  tbe.fanner, 
h]|»  bdfig  freed  from  the  esceffireadvendtiomaefreeojf  cddMis;  whilft 
others,  looking  upon  fluidity,  as  eflential  to  water,  think  ice,  upon  account 
«f  its  folidity,  to  be  a  diftin^  fpecies  (^  body.  And  &  the  Peripatetics,  and 
chymifls  ofren  difagree  about  the  aihes  and  Caicey  of  burnt  bodies  ;  the 
firft  referring  them  to  earth,  becauie  of  their  permanency,  and  fixednefs ;. 
and  many  chymifts  taking  them  to  be  bodies  fui  generis,  becaufe  common 
aihes  ufually  contain  a  cauflic  fait;  whereas  earth  ought  to  be  infipid.  And, 
the  like  may  be  faid  of  feme  wood-aflies,  and  lime-ftone,  and  even  coral  > 
which  when  well  calcin'd,  and  frefli,  have  a  pungent  taft  :  befides,  fome 
of  them,  that  are  infipid,  may  be  eafily  reduc^  into  metals,  as  the  Calces 
of  lead  and  copper. 

Thefe  difliculties,  about  the  notion  of  identity,  being  obferv'd,  will  rai- 
der it  lefslbrange,  that,  among  the  ancient  Helnrews^ttnd  Greeks,  whofe  lan- 
guages were  fo  remote,  in  ieveral  refpefts  from  ours,  the  familiar  exprel- 
fions,  employM  about  the  fiimenefs  of  a  body,  fhould  not  be  fo  precife, 
as  thofe  who  maintain  the.refurreftion,  in  the  mofl  rigid  fenfe,  would  have 
them. 

In  the  next  place,  I  obferve,  we  may,  agreeably  with  fcripture,  fup- 
pofe,*  that  a  comparatively  fmall  quantity  of  the  matter  of  a  body, 
oeing  increas'd,  either  by  affimilation,  or  other  convenient  appofition  of 
parts,  may  bear  tlie  nam  e  of  theformer  body  ;  as  a  large  crop  of  corn, 
ariiing  from  a- comparatively  imall  quantity  of^feed  fown. 

And, 
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And,  here  it  may  be  proper  to  i^ention  an  experiment,  made  by  two  Physics. 
acqua'mtance  of  mine,  men  of  great  veracity  and  judgment;  who  both  V^StN*/ 
affured  me,  that  having  fown  in  a  garden,  fome  aflies  of  a  plant,  like  our 
Englijh  red  jpoppy,  they,  fooner  than  was  expefted,  produced  certain  plants, 
larger  and  fairer  than  any  of  that  kind,  which  had  been  feen  in  thofe  parts. 
Now,  this  feems  to  argue,  that  in  the  faline  and  earthy,  that  is,  the  fix'd 
particles  of  a  vegetable,  that  has  been  diflipated,  and  deftroyed  by  the  vi- 
olence of  the  fire,  there  might  remain  a  plaftic  power,  enabling  them  to 
contrive  difpos'd  matter  iQ^  as  to  re-produce  fuch  a  body  as  was  formerly 
deftroyed.  But,  to  this  plaftic  power,  refiding  in  any  portion  of  the  de- 
ftroy'd  body  itfelf,  it  will  not,  perhaps,  be  neceflfary  to  have  recourfe,  in 
our  prefent  undertaking ;  fince  an  external,  and  omnipotent  agent,  can, 
without  it,  perform  all  that  I  need  contend  for. 

To  come,   then,  to  a  more  clofe  confideration  of  thofe  difficulties,  ^i^*:/*  •yj 
which  are  faid  to  demonftrate  the  impoffibility  of  the  refurreftion.  tUf9lum^9u 

'Tis  faid,  when  a  man  is  once  really  dead,  many  parts  of  his  body  will, . 
according  to  the  courfe  of  nature,  refolye  themielves  into  multitudes  of 
fteams,  that  wander  in  the  air ;  and  the  remaining  parts,  which  are  either 
liquid,  or  fofr,  undergo  to  great  a  corruption,  and  change,  that  *tis  not 
poflible,  fo  many  fcatterM  corpufcles  fhould  be  again  brought  together, 
and  re-united,  after  the  fame  manner  wherein  they  exifted  in  a  human 
body,  whilft '  it  was  yet  alive.  And,  fay  they,  much  more  impoffible  is 
it,  to  eflfeft  this  re-union>'if  the  body  have  been,  as  it  often  happens,  de- 
voured by  wild  beafts,  or  fifli ;  fince,  in  this  cafe,  tho*  the  fcatter'd  cor- 
pufcles dr  the  carcafs  might  be  recovered,  as  particles  of  matter ;  yet, 
having  already  pais'd  into  the  fubftance  of  other  ianimals,  they  are  quite 
tran£nuted  by  the  new  form  of  the  beaft,  or  fifli,  that  devoured  them j  and 
of  which  they  now  make  a  fubftantial  part. 

Yet,  far  more  impoffible  will  this  renewal  be,  if  we  put  the  cafe,  that 
the  body  was  devoured  by  Cannibals ;  for  then,  the  fame  flefli,  belongii^ 
fucceffively  to  two  different  perfons,  ^tis  impoffible  that  both  fhould  hav^ 
it  reftored  to  them  at  once ;  or,  that  any  footfteps  fhould  remain  of  the 
relation  it  had  to  the  firft  pofIefK>r. 

But,  it  anfwer  to  this  grand  objeftion,    I  have  feverai   things  to-A»Mr'^« 
oflfer. 

And,  i/?,  A  human  body  is  not  like  a  flatue  of  brafs,  or  marble,  that 
may  continue,  as  to  fenfe,  whole  ages,  in  a  permanent  ftate  •  but  is  in  a 
perpetual  flux,  or  changing  condition ;  fince  it  grows,  in  all  its  parts,  and 
all  Its  dimcnfions,  horn  a  corpufcle  no  bigger  than  an  infeA,  to  the  i\jXV 
ftatuTe  of  a  man  ;  which  could  not  happen  but  by  a  conftont  appofition^ 
and  affimilation  of  new  parts,  to  the  primitive  ones,  of  the  little  embryo. 
And  fince  men,  as  other  animals,  grow  but  to  a  certain  degree,  and  till  a 
certain  age,  and  therefore  muft  discharge  a  great  part  oi  what  they  eat 
and  drink  by  infenfible  perfpiration,  which  *Siwiffori«/sflatical  experiments, 
and  mine,  affure  me  to  be  fcarce  credibly  great,  as  to  men,  and  lome  other 
animals,  both  hot  and  cold  s  it  will  foltow,  that  in  no  very  great  compafs 

of 


Posies,  of  time,  a  large  part  of  the  fubftanoe  of  a  human  txxly,  muft  be  cfaangedL 

VOTWTet  'tis  connderabte, .  that  the  bones  are  of  a  ftaUe  and  laffing  texture ; 

'as  I  founds  not  only  by  fome  chymical  trials^  but  by  the  skulls  and  odier 

bones  of  men^  whrai  hiftory  records  to  h^ve  bemi  lull'dan  exceeding  long 

time  ago* 

*  ^dlj^  Tfaexte  is  no  determinate  'biilk,  or  fixe,  neceiffiiry  to  make  a  human 
i>ody  pafs  for  the  fame ;  and  a  very  fmaU  portion  of  matter,  will  Caspkr 
times,  ferve  the  turn.  Thus  an  embryo,  for  inftance,  in'the  womb*  a  new-born 
duld,  a  man  at  his  full  ftature,  anda  de^repitj  aged  peiipn^  ndtwirhftandiiig 
the  vaft,<U£krence  of  their  fizes,  areftiU  repined  to  be  the;  iapieperibn;  a;  w 
evident  by  the  cuftom  of  crowning  kii^  and  emperors '  in  the  mothcpCs 
womb;  and  by  putting  male&ftors  to  deadi  in  their  cAd  a^i  lor  crin^ 
committed  in  their  youth.  And,*  if  a  very  tall,  and  unwieldy  £at  nuu^ 
.  ..       fliould,as  it  ibmeumes  haopens,  be  reduced  by  a  confuippoon^ 

. skeleton  ;  yet  none  woula  deny  that  this  wa^ra  man,  were-t&e  I4199  witi^ 

i  --  •  .       him  that  had  once  fbvafta  body.  .'.,..-.     ......     /        .  ^ 

j^,  A  body  may  either"  c6mift  of*  <^ idi<Mind  with  f uq^^ 
niay  be  variouUy  adociated  t^ith  tboie  df  <!|d)^  bodiei^aiid  exceedin^^ 
dij^uized  by  the  imxtiues,  yet  retain  their  own  nature  :  and.of  this  we 
faavevarious  faiftances  inniettls«  Thusgold,  fer  example,  wh^  diflblv^d 
in  Afua  ugia^  palfes  fiir  la  Gquor;  and*  when  dext^miCLy  coaguMir 
tAd^  appears  a  ialt,  or  vitriol  i  by  another  idteration*  I'  ^tve  nuufe^it^ 
part  of  the  fewel  of  a  flame ;  bring  ^lextrqi|^y  oyijcw  ^no* 

lal,  it  may  be  reducied  to  glais;  weli  preciptta^  wi^/inmairy,  it  makie^ 
a j^^ous  tranfimrent  powder ;  precipitated  with  (pint  ofunne,  or  oil 
Ot  tartar  fer  Mifidum^  it  makes  a  fulminating  calx^  that  goes  off  very 
•cafily,  yet  is  (ar  ftonger  than  gun-powder ;  precipitafed  with  another  c^t 
tain  alkali,  the  fire  turns  it  to  a  nx'd  and  purple  calx.  But  not^athft^id* 
ing  all  thefe,  and  various  other  dif^zes,  the  gold  retains  its  nature,  as 
niay  be  prov^'d  by  chymical  operations,  efpecially  by  reduftions.  And 
mercury,  is  of  a  more  changeable  nature  than  gold ;  fometimes  putting 
on  the  forqfi  of  a  vapour  ;  fometimes  appearing  in  that  of  an  almoft  infi- 
pid  water ;  fometimes  aiTuming  the  form  of  a  red  powder ;  fometimes  that 
of  a  white,  or  yellow  one ;  of  a  cryftalline  fak ;  of  a  malleable  metal ; 
and  of  what  not  ?  Tet,  all  thefe  are  various  dreffes  of  the  fame  qiuck- 
lilver,  which  a  skilful  artift  maj  eafily  make  it  put  offj  and  appear  again 
in  its  native  fhapc*. 

And, 


'^Ifgrofi  bodies,  and  light,  be  mtiniftlly  I  ^  fiifible.  brittle  ftooe;  and  thisftonere* 
convertibleintoeaeh other, M Sir /.JNholBii  I  **  turns  into  water  bv  heat;  and  vapour 
rcems  to  think  they  are  ;  what  tranfmuta-  I  **  returns  into  water  bj  cold.  Earth,  bf 
tions  may^ there  not  be,  in  the  com^lGi  of     '*  heat,  becomes  fire  ;  and,  by  cold,  re- 

^*.^_  ^-f^.      .  y._  •?  turns  into  earth.    Dcnfe  boaies,  by  fer- 

'*  mentation,  rarify  into  feveral  forts  of 

**  air  ;>and  this  air,  by  fermentation,  and 

**  fonminies  without  it,  returns  intodenfe 

"  bodieii    Mercury  fometimes  aopean  id 

**  the 


nature  and  art  ?  Nature,  asSir  fpUic  obfervcs, 
feemsdelightcdwithtraiifmuutions:  **Wa- 
«*  ter  (fajrshe  )  (he  changes  into  vapour; 
**  which  is  a  fort  of  air  ;  and,  by  cold, 
f<  into  ice  ;  which  is  a  hard,  pellucid, 
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And,  tho*  it  be  tnie,  that  inftances  of  the  permanence  of  corpufcles  under-  Physics. 
going  fucceffive  difguizes,  may  be  much  eaner  found  among  metals  and  mi- 
nerals  than  vegetables  and  animals ;  yet  there  are  fome  to  be  met  with  among 
thefe  too  :  for,  not  to  mention  Hippocrates* s  affirmation,  about  purging  a 
child  with  the  milk  of  an  animal,  that  had  taken  elaterium,  I  once,  in 
Savojfy  obferv'd  all  the  butter,  that  was  made  in  fome  places,  during  the 
fpring  feafon,  tafted  very  much  of  a  certain  weed,  which,  at  that  time,  a- 
bounds  in  the  fields  there.  And,  confidering  how  many  elaborate  altera- 
tions the  rank  corpufcles  of  this  weed  muft  have  undergone,  in  the  va- 
rious digeftions  in  the  cow's  ftomach,  heart,  udder,  &c,  and  that  after- 
wards, two  feparations,  at  leaft,  were  made  ^  the  one  of  the  cream  from 
the  reft  of  the  milk  ;  and  the  other  of  the  unftuous  parts  of  the  cream, 
from  the  ferum ;  it  will  fcarce  be  deny*d,  that  vegetable  corpufcles  may, 
by  ai&ciation,  pafs  thro'  various  difguizes,  without  lofing  their  nature  ; 
eipecially  fince  the  eflential  attributes  of  fuch  corpufcles,  may  remain  un- 
ddlroy'd,  tho  no  fenfible  quality  furvive,  to  make  proof  of  it,  as  is  afforded 
by  our  example  in  the  olBfenfive  taft.  And,  befides  what  we  commonly 
ooferve  on  the  fea-coaft,  of  the  fifhy  taft  of  thofe  fea-birds,  that  feed  only 
upon  fifh  ;  Ipurpofely  inquired  of  an  obferving  man,  who  lived  upon  a  part 
oi  the  Iri/h  coaft,  where  the  cuftom  is  to  fat  their  hogs  with  a  fort  of  fhell-  fifh, 
wherewith  that  place  very  much  abounds,  about  the  taft  of  their  pork  ;  and 
he  affured  me,  tnat  the  flefh  had  fofbrongand  rank  a  favour  of  the  fifh,  that 
ftrangers  could  not  endure  to  eat  it.  There  is  a  certain  fruit  in  America^ 
well  known  to  our  Englifb  planters,  which  many  of  them  call  the  prickle- 
pear,  whofc  very  red  juice,  being  eaten  with  the  pulp  of  the  iruit,  of 
which  it  is  a  part,  paffes  thro*  the  various  ftrainers,  and  digeftions  of  the 
body,  fo  unaltered,  as  to  render  the  urine  red  enough  to  perfuade  thofe, 
who  are  unacquainted  with  this  property,  that  they  make  bloody  urine;  as 
I  have  been  feveral  times  affured,  by  unfufpefted  eye-witneffes.  But,  more 
odd  is  that,  related  by  a  learned  man,  who  fpent  feveral  years  upon  the 
Dutch  and  English  plantations,  in  the  Charibbe  iflands  ;  when  fpeaking  of 


*'  chefbrmofa  fluid  metal,  and  ibmetimes 
^*  in  the  form  of  a  hard,  brittle  metal ; 
<*  fometimes  in  the  form  of  a  corrofive, 
«*  jyellucid  iklt,  called  fublimate;  feme- 
<<  times  in  the  form  of  a  taftlefs,  pellu- 
<<  Old,  volatile  white  earth,  call'd,  Met- 
*^  cMr'nudulcis  ;  or,  in  that  of  a  red,  opake, 
^*  volatile  earth,  call'd,  cinnabar ;  or,  in 
'*  that  of  a  red,  or  white  precipitate ;  or, 
**  in  that  of  a  fluid  fait  :  and  diftiUacion 
'*  turns  it  into  vapour ;  and  being  asita* 
'*  ted  In  ifoctio^  it  fhincs  like  fire.  And, 
*'  after  all  thefe  changes,it  returns  into  its 
**  firft  form  of  mercury.  Eggs  grow  ft*om 
'*  inienfible  magnitudes,  and  change  into 
**  animals;  tadpoles  into  frogs;  and  worms  { 


*^  into  flies.  All  birds,  beafts,  and  fifhes, 
**  infeSs,  trees,  and  vegetables,  with  their 
**  feveral jparts,  grow  out  of  water,  and  wa- 
**  trj  tinctures,  and  ialts ;  and,  by  putrefa- 
**  Qicm,  return  a«iin  into  watry  fubdan- 
*•  ces.  Water,  ftanding  a  few  days,  in 
"  the  open  air,  yields  a  tinfture,  which 
"  (like  that  of  malt)  by  ftanding  longer, 
**  yields  a  fediment,  and  a  fpint ;  but» 
^*  before  putre&Qion,  is  fit  nourifhmcnc 
"  for  animals  and  vegetables.  And,  a- 
**  mong  fuch  various  and  ftrange  tranf- 
**  mutations,  why  may  not  nature  change 
**  bodies  into  light,  and  light  into  bodies  V 
Newiw*  Oftic  p.  349>  35o« 
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Physics,  a  fruit  called  jMipa^  or  Jutnfo^  erowing  in  ieverat  of  tho(e  iflands,  he 
ikys,  that^  at  the  fealon  wlien  this  miit  £(Uls  from  the  tree^  the  hogs,  which 
feed  on  it,  have  both  thdr  fleih,  and  &t,  of  a  violet  cdoiir,  as  experience 
witneileth  ;  which  cdoiir  is  the  fame  that  the  juice  dyes.  And  the  Uke 
happens  to  the  flefli  of  paiTots,  and  other  birds,  that  teed  upon  it. 

Having  thus  fliewn,  that  the  particles  of  a  body,  may  retain  their  na- 
ture, under  various  difguizes,  I  proceed  to  add,  that  they  ma^  be  ftripp'd 
of  thoTe  difguizes ;  or,  to  fpeak  without  a  metaphor,  be  extricated  mnn 
thofe  compontions  wherein  tney  are  difguized  ;  and,  that,  ibmetimes,  by 
fuch  ways,  as  thofe  who  «re  ftrangers  to  the  nicer  operations  of  nature^ 
would  never  have  thought  on ;  nor  will  not,  perhaps,  judge  probable^ 
when  propofed.    • 

'  Tho  vitrification  be  look'^  upon,  by  chynuftst  as  the  ultimate  a£tion  of 
the  fire,  and  the  moft  powerful  way  of  making  inieparable  conjunAioD^ 
of  bodies ;  yet,  even  out  of  glais  of  lead,  fer  infiance,  made  of  (and,  and 
the  afhes  of  a  nietal ;  (tho'  the  tranfinutation  ieems  fb  great,  that  the 
dark  and  flesdble  metal,  is  turned  into  a  venr  traniparent,  ami  brittle  mais) 
we  have  recoverM  opake,  and  malleable  lead.  And,  tho*  there  be  £e- 
veral  ways,  befides  precipitations,  of  divorcmg  fubftances,  that  feem 
fbri£tiy,  it  not  infeparably,  united;  yet,  by  precipitation  alone,  if  a  man 
have  the  skill  to  chufe  proper  precipitants,  fevmd  ieparatioos  may  be 
cafily  and  thoroughly  made,  that  every  one  woukl  not  dunk  of :  finr^ 
'ti^  not  neoelTary,  that,  in  all  precipitations,  as  is  obfisrv^d  in  moft  of  the 
vulgar  ones,  the  precipitant  ihould,  indeed,  make  a  fepaxation  of  the  dif- 
folvd  body,  frt>m  the  mafs  or  bulk  of  that  Uquor,  or  otW  adjun^  where- 
to 'twas  before  united,  and  not  be  able  to  perform  this,  without  aflbcia- 
tins  its  own  corpufcles  with  thofe  of  the  body  it  Ihould  refcue,  and  £o 
making,  in  fome  fenfe,  a  new  and  farther  compofition.  That  feme  bo- 
dies may  precipitate  others,  without  uniting  themfelves  with  them,  is 
eafily  prov  d  by  the  experiment  of  refiners  in  leparating  filver  from  cop- 
per; for  the  mixture  being  diffolv'd  in  Aquafortis^  if  die  folution  be 
afterwards  diluted,  by  adoing  fifteen  or  twenty  times  as  much  common 
water,  and  _you  put  into  this  liquor  a  copper-plate,  you  (hail  quickly 
fee  ti^  niver  b^m  to  adhere  to  the  plate ;  not  in  the  form  of  calx,  as 
when  gold  is  precipitated  to  make  Aurum  fuhninans,  or  tin-glafs,  to  make 
a  fine  white  powder  for  a  fucus ;  but  in  the  form  of  a  ihining  me- 
talline fubftance,  that  needs  no  farther  reduftion,  to  be  employ'd  as  good 
filver.  And,  by  a  proper  precipitant,  I  have  alio,  in  a  trice,  reduced  a 
large  quantity  c£  well-dilguized  mercury,  into  running  quick-fiiver.  And, 
if  one  can  well  appropriate  the  precipitants  to  the  bodies  ihey  are  to  reco- 
ver, very  flight,  and  unpromiung  agents,  may  perform  great  matters  in 
a  fhort  time. 

If  you  let  a  piece  of  camphire  lie  a  while  upon  oil  of  vitriol,  fhaking 
them  now  and  then,  it  will  be  fo  corroded  by  the  oil,  as  totally  to  dit- 
appear  therein,  without  retaining  fo  much  as  its  fmell,  or  without  any  ma- 
nifeft  fign  of  there  being  camphurc  m  that  mixture ;  yet  that  a  vegetable 

fubftance. 


upon  the  Resurre  ctio  n*  ij^ 

fubftance,  thus  fwallow'cTup  and  changed  by  one  of  the  moft  fi-etting  and   Physics. 

deftroying  fubftances  known  in  the  world,  fhould  not  only  retain  the  eflen- 

tial  qualities  of  its  nature,  but  be  refkorable  to  its  obvious  and  fenfible  ones 

in  a  minute,  and  that  by  fo  unpromifing  a  medium,  as  common  water, 

will  appear  by  pouring  the  folution  into  a  large  proportion  of  tliatfluid,  to 

whofe  upper  part  there  will  immediately  rife  white,  brittle,  ftrongrfcented, 

and  inflammable  camphire,  as  it  was  before. 

'Tis  here  a  principal  confideration,  that  all  bodies  being  but  parcels  of  the 
univerfal  matter  mechanically  difierent,  they  may  fucceffively  put  on  forms, 
in  a  way  of  circulation,  till  they  return  to  their  original  form,  whence  they 
firft  begun ;  by  having  only  their  mechanical  properties  altered. 

That  all  bodies  agree  in  one  common  matter,  the  fchools  themfelves 
allow ;  making  what  they  call  the  Materia  prima  to  be  the  common  bafis  of 
them  all ;  and  their  fpecific  differences  to  fpring  from  their  particular  forms : 
and  fince  the  true  notion  of  body  confifts  either  alone  in  its  extenfion,  or  in 
that  and  impenetrability  together,  it  will  follow,  that  the  differences  which 
make  the  varieties  of  bodies  we  fee,  muft  not  proceed  from  the  nature  of 
mere  matter,  of  which  we  have  but  one  unitorm  conception ;  but  from 
certain  attributes,  fuch  as  motion,  fize,  pofition,  &c.  that  we  call  mechanical 
afiedtions.  Hence  a  determinate  proportion  of  matter  being  given,  if  we 
fuppofe  that  an  intelligent  and  otherwife  duly  qualify 'd  agent  were  to  watch 
this  portion  of  matter  in  its  whole  progrefs  thro'  the  various  forms  it  is 
made  to  put  coi,  till  it  come  to  the  end  of  its  courfe  or  feries  of  changes  \  and 
that  this  mtelligent  Agent  ihould  lay  hold  of  this  portion  of  matter,  cloth'd 
in  its  ultimate  fbrili ;  and,  extricating  it  from  any  other  parcels  of  matter 
wherewith  it  maj  be  mixM,  make  it  exchange  its  laft  mechanical  proper- 
ties for  dioie  which  it  had  when  this  agent  firft  began  to  watch  it :  in  fuch 
a  cafe,  I  fay,  this  portion  of  matter,  how  many  changes  and  difguizes  fo« 
ever  it  may  have  undei^ne  in  the  mean  rime,  will  return  to  be  what  it 
was ;  and  if  it  were  betore  part  of  another  body  to  be  r^roduced,  it  will 
become  capable  of  havii^  the  fame  relation  to  it,  that  formerly  it  had. 

Thus,  luppofe  a  man  to  cut  a  large  fphere  of  foft  wax  into  two  equal 
parts,  and  ot  the  one  to  make  cones,  cylinders,  rings,  fcrews,  tXc.  and  knead- 
ing the  other  with  pafte,  make  an  appearance  of  cakes,  vermicelli,  wa- 
fers, biskets,  &c.  'tis  plain,  that  one  may,  by  difibtution,  and  other  ways, 
ieparate  the  wax  from  the  pafte,  and  reduce  it  in  a  mould  to  the  fame  hemi-' 
fphere  of  wax  it  was  before ;  and  fo  we  may  deftroy  all  that  made  the 
other  part  of  the  wax  pafs  for  cones,  cylinders,  rings,  &x:.  and  reduce 
it  in  a  motild  to  one  diftindl  hemifphere,  fit  to  be  re-conioin'd  to  the  otlier ; 
and  to  to  recompofe  fuch  a  fphere  of  wax,  as  they  conftituted  before  the 
feparation  was  made.  And  to  view  precipitate,  carefully  prepared  perfe^ 
one  would  think  that  art  had  here  made  a  body  extremely  different  from 
common  mercury  ,•  this  being  confiftent,  like  a  powder,  very  red  in  colour, 
and  purgative,  and  for  the  moft  part  vomitive  in  operation,  tho'  given  but 
in  the  quantity  of  foru*  or  five  grains :  yet  if  you  but  urge  this  powder  with 
a  due  heat ;  by  putting  the  component  paTtKles  into  a  new  and  fit  motion, 
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Fhtsics.  you  may  re-unite  them  tc^ether,  fo  as  to  re-produce  the  fame  miming  mtf^ 
"^       '  cury  you  had  before  the  precipitate  ferfe  was  made  of  it. 

/^hhfy  But  the  chriftian  doftrinedoth  not  afcribe  the  refurrefHon  to  nature, 
or  any  created  agent,  but  to  the  peculiar  and  immediate  operation  of  God ;  who 
has  declared,  tluit  he  will  raife  the  dead.  Wherefore,  wtien  I  mention  chy mi-  * 
cal  ways  of  recovering  bodies  from  their  various  difguizes,  I  am  £u:  from  defi- 
"ring,  that  fuch  ways  mould  be  thought  the  only  ones,  or  the  beft  that  can  pof-* 
(ibly  be  employ M  to  fuch  an  end.  For,  as  the  generality  of  men,without  except- 
ing phibfbphers  themfelves,  would  not  have  believed  or  thought,  that  by  eafy 
chymical  ways,  bodies,  which  are  reputed  to  have  pais'd  into  quite  another, 
nature,  ihould  be  reduced  or  reftored  to  their  former  condition ;  fo,  till 
chymiftry,  and  other  parts  of  natural  philofophy,  be  more  thoroughly  un- 
derftood,  and  £uther  promoted,  'tis  probable,  that  we  can  fcarce  now  ima- 
gine, what  expedients  to  re-produce  bodies,  a  further  difcovery  of  the 
myfleries  of  art  and  nature  may  lead  us  to.  And  much  leis  can  our  (lender 
knowledge  determine,  what  means,  even  of  phyfical  ones,  the  moft  wife 
author  of  nature  is  able  to  en^loy,  to  bring  the  rcdurredtion  to  pals;  fince 
'tis  a  part  of  the  imperfection  of  m&rior  natures,  to  have  but  an  imperfeft 
appreiienfion  of  the  powers  of  one  that  is  incomparably  fuperior  to  them.. 
And  even  among  ourfelves,  a  child,  who  is  emlow'd  with  a  reafonable  foul, 
cannot  conceive  how  a  geometrician  Ihould  mufure  inaccefliUe  heights  and 
cUftances;  much  lefs,  tow  a  cofinographer  can  determine  the  vdiolecom'- 
pafi  of  the  earth  and  iea ;  or  an  aftronomer  fhew  how  fur  'tis  from  hence 
to  the  moon;  and  tell  many  years  before-hand,  what  day  and  hour,  and  to. 
idiat  degree,  flie  will  be  edipfed.  And,  indeed,  in  the  ZvdlrVj,  not  only 
children,  but  rational  men,  could  not  perceive  how  'twas  poffible  for  th^ 
Europeans  to  converfo  with  one  another,  by  the  help  of  a  piece  of  paper,  at 
a  hundred  miles  diftance ;  and  in  a  moment  produce  thunder  and  lightning, 
and  kill  men  a  great  way  ofF^  as  they  faw  done  by  guns ;  and  much  lefs,  how 
they  Ihould  foretel  an  eclipfe  of  the  moon,  as  Columbus  did,  to  his  great 
advantage  :  which  things  made  the  Indians y  even  the  chiefeft  of  them,  look 
upon  the  Spaniards  as  penons  of  more  than  himian  nature.  Now,  among  thofe 
who  have  a  true  notion  of  a  Deity,  a  Being  both  omnipotent  and  onuii- 
icient,  that  he  can  do  all,  and  more  than  all,  that  is  poffibte  to  be  performed 
by  any  way  of  difoofing  of  matter  and  motion,  is  a  truth  that  will  be  rea- 
dily acknowledg'cl ;  fince  he  was  able  at  firft  to  produce  the  world,  and 
contrive  fome  part  of  thie  univerfal  matter  of  it,  into  the  bodies  of  the  firft 
man  and  woman.  And  that  his  power  extends  to  the  re-union  of  a  foul 
and  body,  which  have  been  feparated  by  death,  we  may  learn  from  the  ex- 
periments God  has  been  plealed  to  give  of  it,  both  in  the  old  teftament  and 
the  new  ;  elpecially  in  the  r^iSCiXigLaxuirus  ^mdChrift  again  to  life :  of  the  lat- 
ter of  which,  particularly,  we  have  proofs  ftrong  enough  to  fatisfy  any  unpre- 
judiced perfon,  who  defires  but  competent  arguments  to  convince  him. 

Since  then  a  human  body  is  not  lb  confined  to  a  determinate  bulk,  but. 
that  the  fame  foul  being  united  to  a  pordcm  of  duly-organiz'd  matter,  is 
(aid  to  conftitute  the  fame  man,  notwithstanding  the  vaft  differences  of  big- 
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nefs  that  there  may  be,  at  ictcral  times,  between  the  portions  of  matter  Physics. 
whereto  the  human  foul  is  united :  fince  a  confiderable  part  of  the  human 
body  confifts  of  bones,  which  are  bodies  of  a  very  determinate  nature,  and 
not  apt  to  be  deftroy'd  by  the  operation  either  of  earth  or  fire :  fince  of  the: 
kfs  ftable,  and  efpecially  the  fluid  parts  of  a  human  body,  there  is  a  far 
greater  expence  made,  by  infenfible  tranfpiration,  than  even  philoibphers 
would  imagine :  fince  the  fmall  particles  of  a  refolved  body  may  retain* 
their  own  nature,,  under  various  alterations  and  difguizes,  of  which  'tis 
poflible  they  may  be  afterwards  ftript :  fince,  without  making  a  human 
body  ceafe  to  be  the  fame,  it  may  be  repair^  and  augmented  by  the  adap- 
tation of  fitly-difpofed  matter  to  that  which  pre-exifted  in  it :  fince  thefe 
things  are  fo,  why  fliould  it  be  impoflible,  that  a  moft  intelligent  agent, 
whofe  omnipotence  extends  to  all  that  is  not  truly  contradictory  to  the  na- 
ture of  things,  or  to  his  own,  fliould  be  able  ib  to  order  and  watch  the 
particles  of  a  human  body,    that  of  thofe  remaining  in  the  bones,  of 
thofe  that  plentifully  fly  away  by  inienfible  tranfpiration,  and  of  thofe 
that  are  otherwife  difpo&d  of  upon  their  reiblution,  a  competent  number 
may  be  preferved  or  retrieved ;  fo  that  ftripping  them  of  their  difguizes,. 
or  extricating  them  from  other  parts  of  matter,  to  which  they  may  happen 
to  be  conjoined,  he  may  re-unite  them  betwixt  themfelves,  and,  it  need  be, 
with  particles  of  matter  fit  to  be  intervoven  with  them ;  and  thereby  re* 
ftore  or  reproduce  a  body,  which  being  united  with  the  former  foul,  may,, 
in  a  fenfe  agreeable  to  the  expreiCons  of  fcripture,  re-compofe  the  fame 
man,  whofe  foul  and  body  were  formerly  disjoined  by  death. 

^tfjfyy  Hitherto  we  have  taken  the  doftrine  of  the  refurreftion  in  a  more 
ftrift  and  literal  fenfe,  becaufe  I  would  fhew,  that  even  according  to  that, 
the  difficulties  of  anfwering  what  is  mentioned  againft  the  poffibility  of  it, 
are  not  infuperable  ;  tho'  it  would  much  facilitate  the  defence  and  expla- 
nation of  fo  abftrufe  a  thing,  to  allpwViFh^t  as  the  human  foul  is  the  form 
of  man,  fo  that  whatever  4^y^«6^ni£\i  portion  of  matter  is  thereto  uni- 
ted, it  therewith  conftinites  the  fime  man ;  the  import  of  the  refurre^on 
is  fulfill'd  in  this,  that  after  dedth  there  fliall  be  another  ftate,  wherein  the 
foul  fhall  no  longer  perfevere  in  its  feparate  oondidcmj^  but  be  again  united, 
not  to  an  ethereal,  or  the  like  fltud  iMtter, .  but^U>  fuch  a  fuoflance,  %as 
may,  with  tolerable  propriety  of  fpeech,*  be  called  a  human  body. 

They  who  aiTent  to  this  account  of  the  poiBbility  of  the  refurreAion  of 
the  fame  bodies,  wiU,  Iprefume,  be  much  more  eafily  induced  to  admit 
the  poffibility  of  the  qualifications  the  chrifHan  religion  afcribes  to  the  glo- 
rified belies  of  the  raifed  faints.  For,  fuppofing  the  truth  of  the  fcripture, 
we  may  obferve,  that  the  power  of  God  has  already  extended  itfelf  to  the 
performance  of  fuch  things,  as  import  as  much  as  we  need  infer ;  fome- 
times  by  fufpending  the  natural  actions  of  bodies  upon  one  another,  and 
fomerimes  by  endowing  human  and  other  bodies  with  preternatural  qua- 
fities.  And  indeed  lightnefs,  or  rather  agility,  indifference  to  gravity  and  levi- 
ty, incorruption,  tranfparency,  opacity,  figure,  colour,  &c.  being  but  mecha- 
nical alSb^ons  of  matter  ^  it  cannot  ieem  incredible^  that  the  moft  free  and 
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Phtsics.  powerful  tuthor  of  thofe  Uws  of  nature^  sooor^Dg  co  which,  all  the 
i^^^  phenomena  of  qtulities  vx  regulated,  may,  u  he  thinks  fic>  introduce, 
eftabliih,  or  chaise  them,  in  any  aJEgn'dponion  of  matter,  and  coofequently 
inthat  wbcreof  a  human  body  conmu.1ous  tho'iron  be  a  body  above  dgbt 
times  fpedfically  heavier  thui  water  i  yet  in  the  cale.  of  EUfita*s  helve,  its 
natiTc  gravity  was  render'd  inefie£hial,  and  it  aicended  &om  die  bottom  to 
die  top  of  the  water  i  and  the  gravitatioa  of  Sc  Ptter'%  body  was  ful^d- 
ed,  wfajlft  his  mafter  enabled,  him  txi  walk  on  the  fea.  Thus  the  operatioa 
of  the  moft  a£tive  body  in  nature,  flame,  was  fufpended  in  NelmchadMa^i 
fiery  furnace,  nHiilft  Damefs  three  companimis  walk'd  unhurt  therein. 
And  thus  the  body  of  our  Saviour,  after  his  refiirreftion,  tho*  it  retained 
the  very  impreflions  that  the  nails  c^tbe  crofs  had  made  in  his  hands  and 
fuXf  and  the  woimd  a£  the  fpear  in  his  fide^  as  the  hiftoiy  of  the  eofpel 
adures  us  %  was  endow'd  with  &r  nobler  qualities,  than  before  its  death. 
And,  as  die  apoftle  tells  lu,  that  this  great  change  of  fchematifin  in  the 
iiintsbo^esirillbeefie&edbytheiTreMiblepcfwer  of  Chrifi;  wefliallnoc 
icmcde  to  allow  of  fuch  an  ewft  fromfnchan  agent,  if  weconfider  how 
inncn  die  bare  fl^t  mechaucal  abxratiott  of  die  texture  of  a  body,  mn 
dmnga  its  &nfible  qualities  (or  the  better.  Thus,  without  any  yjBbie  addi- 
tioa,  Ihavefeveraltimeschai^eddarkand.opakeleadfintoRncly-CQlour'd 
truupuent  f^a&,  of  a  le&  fpeo&gimvity ;  ud  diick  fetid  Gaaiie,  into  « 
b^fat  «Dd  icende&  ftane. 


THE 


(»39  ) 


THE 


Chriftian  Virtuofo. 


TH  £  PropoHtion  I  ihall  here  endeavour  to  eftablifh^  is,  that  a  man  ExurSmiwud 
may  be  a  virtuofo,  or  experimental  philofopher,  without  forfeiting  ||3^^^ 
his  chriftianity.  ffmS^ 

And  firft,  *tis  certain,  that  a  due  courfe  of  experimental  philofbphy, 
greatly  conduces  to  fettle  in  the  mind,  a  firm  perfuafion  of  the  exiftence, 
and  leveral  of  the  chief  attributes  of  God  ;  which  perfuafion  is,  in  the 
order  of  things,  the  firft  principle  of  that  natural  religion,  we  allow  as 
the  very  foundation  of  revealed  religion,   in  general. 
X      That  the  ron^r^prflf^/wi  r^^|jj>  ^flfty^^^j  ^^nty^  ^i^^  rcgular  motiQpjf^  of ^^  1^^/*$ 
^  Ae  heavenly   bodies^  the  exc^ent  ftruffaire  of  flniimik  s^n^   pl^nfc    K^q^^cp  Cnt      ' 

a  multitude  of  other  phenomena  or  nature,  and  the  fubferviencyof  moft  of 
thefe  to  man,  mav  juftly  induce  him,  as  a  rational  creature,  to  conclude, 
this  vaft,  beautiful,  orderly,  and  admirable  fyftem  of  things,  which 
we  call  the  world,  was  framed  by  an  author  fupremely  powerfiJ,  wife, 
and  good,  can  fcarce  be  deny'd  by  an  intelligent  and  unprejudiced  perfon. 
And  this  is  ftrongly  confirm  a  by  experience,  which  witnefleth,  that  in  al- 
moftall  ages  and  countries,  the  generality  of  philofophers,  and  contem- 
plative men,  were  perfuaded  of  the  exiftence  of  a  Deity,  from  the  confide- 
ration  of  the  phenomena  of  the  univerfe  ;  whofe  fabric,  andconduft,  they 
rationaUy  concluded,  could  not  be  juftly  afcribed,  either  to  chance,  or  to  any 
other  caufe  than  a  divine  Being. 

But,  dio*  God  hath  manifefted  himfelf,  even  to  fuch  as  confider  things 
but  fuperficially,  by  ftamping  upon  feveral  of  the  more  obvious  parts  of  his 
works,  fuch  confpicuous  imprejQGons  of  his  attributes,  that  a  moderate  de- 
gree of  underftanding,  and  attention,  may  fuffice  to  make  men  acknow- 
ledge his  being ;  yet  this  aflent  is  greatly  inferior  to  the  belief  which  the 
feme  objects  are  fitted  to  produce  in  him,  who  with  care  and  skill 
confiders  them.  For,  the  works  of  God  arefo  worthy  of  their  author, 
that,  befides  the  imprcfles  of  his  wifdom  and  goodnefs,  left,  as  it  were, 
upon  their  furfaces :  there  are  a^gr^tmany  more  curious  jmd  excellent 
tokens^and  eflfedits  of  divine  ^rSfice,  in  the  Tuddefl'^d' umennoft  recedes 
^  ttemT and  thcic  are  notlo  l)fe  difcovef*a  bylHe'^flight  glances  of  the 
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Physics,  lazy,  and  the  ignorant ;  but  require,  the  moft  attentive  and  prying  in- 
fpedlion  of  curious,  and  well  qualify'd  minds.  And,  fometimes,  in  one 
creature* -there  nury  be-  great  nrnnbers  of  admirable  things,  that  e&ape 
a  vulgar  eye,  which  yet  are  clearly  difcernible  by  that  of  a  true  naturaUu  ; 
who  brings  vnth  him,  befides  a  more  than  common  curiolity,  and  atten- 
tion, a  competent  knowledge  of  anatomy,  oprics,  cofmc^raph^^  mechanics, 
and  chymiftry.  In  Ihort,  &od  has  couch  a  £o  many  thii^  in  his  vifible 
works,  that  the  clearer  light  a  man  uies,  the  more  he  may  difcover  of 
their  unobvious  beauty,  and  exaAnels  i  and  the  more  fiilly,  and  diftinftiy 
difcern  thofe  qualities  that  lie  more  concealed(^)Ajgct.^:h^more  wonderful  ^ 
things  he  difcovers  in  the  works  of  nature^  the  more  corxoborarii^  proofs 
he  meets  with  to  eftablifh^  and  enforce  the  argument  drawn  fi'om  the  uni- 
verfe,  and  its  parts,  to  demonftrate,  that  mere  is  a  God :  a  propofition 
of  fo  vafT  a  weight,  and  impoftanoeV  that  it  Ought  td  endear  every  thing 
to  us,  that  is-  able  to  confirm  it,  and  aflford  us  new  motives  to  acknow- 
ledge, and  adore,  the  divine  author  of  things. 

K)yw,  with  regard  to  this  xnatter,  we  may  confidently  iky,  that  ape- 
rimental  philolbphy  has  a .  great  advanti^  oi  the  ichcdaftic.  For,  in  the 
Peripatetic  fchools,  where  thibgs  are  afcribed  to  certain  fubftantial 
forms,  and  ireal  qualities ;  the  accounts  of  nature's  works  mav  be  eafily  gi- 
ven in  a  few  words,  general  enough  to  be  applicaUe  on  almoft  all  occafions. 
But  thefe  uninfiructive  terms  neither  oblige,  nor  conduft  a  man  to 
deeper  fearches  into  the  ftru£tUre  of  tlui^,  their  manner  of  bdng 
produced,  and  of  operating  upon  one  another ;  and,  ctonfequently,  ate 
verv  infufficient  to  difclofe  theexquifite  wifdom  which  the  <minifdent 
maxer  has  expreffed  in  the  peculiar  fabrics  of  bodies,  and  the  well  re- 
lated morions  of  them,  or  ot  their  conftituent  parts.  From  the  diicem- 
ment  of  which  things,  neverthelefs,  it  is,  that  there  arifes,  by  way  of 
refult,  in  the  philofophic  mind  of  an  intelligent  contemplator,  a  ftrong 
convi^ion  of  the  being  of  a  divine  artificer,  and  a  juft  acknowledgment  m 
his  admirable  wifdom.  To  be  told,  that  an  eye  is  the  organ  of  fights  and 
that  this  is  performed  by  that  faculty  of  the  mind,  which,  from  its  tunftion, 
is  caird  vilive,  will  ^ve  a  man  but  a  ibrry  account  of  the  inftrument, 
and  manner  of  vifion  itfelf,  or  of  the  knowledge  of  the  artificer  who 
form'd  the  eye.  And  he  who  can  take  up  with  this  eafy  theory  of  vifion, 
will  not  think  it  neceflary  to  beflow  pains  to  difleA  the  eyes  of  animals,  or 
ftudy  the  writings  of  mathematicians,  to  underftand  the  doftrine  of  it ; 
and,  accordingly,  will  have  but  mean  thoughts  of  the  contrivance  of  the 
organ,  and  the  skill  of  the  artificer,  in  comparifon  of  the  ideas  that  will 
be  fuggpfted  of  both  to  him,  who,  being  thoroughly  skill'd  in  anatomy,  and 
oprics,  by  their  help  takes  afunder  the  feveral  coats,  humours,  and 
mufcles,  of  which  that  exquifite  dioptrical  inftrument  confifts :  and,  having 
feparately  confiderM  the  figure,  fize,  confiftence,  texture,  tranfparency, 
or  opacity,  fituation,  and  connexion  of  each  of  them,  and  how  they  are 
all  adjufted  in  the  whole  eye,  fhall  difcover,  by  the  laws  of  optics,  how 
admirably  this  little  organ  is  fitted  to  receive  the  incident  rays  of  light,  and 

-    '  dif- 
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difpofe  them  in  the  beft  manner  poffible,  to  give  a  lively  reprcfentation  of   Physics. 
the  numberlefs  objefts  of  fight.  vXYV^ 

'  *Tis'eafy  to  fay,  in  general  terms,  that  the  world  is  wifely  framed  ;  but, 
I  doubt,  it  often  happens,  that  men  confefs  the  creatures  are  wifely  made, 
rather  becaufe  they,  upon  other  grounds,  believe  Qod  to  be  a  wife  agent, 
than  becaufe  £o  flight  an  account  as  the  fchool-philofophy  gives  of  particu- 
lar creatures,  convinces  them  of  any  divine  wildom  in  the  creator.  And 
tho'  I  am  willing  to  grant,  that  fome  impreffions  of  God's  wifdom  are  fo 
confpicuous,  that  even,  as  was  faid  before,  a  fuperficial  philofopher  may 
thence  infer,  that  the  author  of  fuch  works  muft  be  a  wife  agent  ,•  yet, 
how  wife  an  agent  he  lias  in  thofe  works  exprefled  himfelf  to  be,  none  but 
an  experimental  philofopher  can  well  difcern.  And  'tis  not  by  a  flight 
furvey,  but  by  a  diligent,  and  skilful  fcrutiny,  of  the  works  of  God, 
that  a  man  muft  be,  by  a  rational,  and  affeftive  conviftion,  engaged  to 
acknowledge,  that  the  author  of  nature  "  is  wonderful  in  counfcl,  and 
"  excellent  in  working.'* 

2.  After  the  exiftence  of  the  Deity,  the  next  grand  principle  of  natural  the  immartmiitf 
religion  is,  the  immortality  of  the  rational  foul ;  the  genuine  confequence  ^  ^^J^*^- 
whereof  is,  the  belief,  and  expectation,  of  a  future,  and  everlafting  ftate. 
For  this  important  truth,  many  arguments  may  be  alledged,  to  perfuadc 
a  fober,  and  well-difpofed  man  to  embrace  it :  but,  to  convince  a  learned 
adverfary,  the  ftrongeft  argument  that  the  light  of  natxire  fupplies  us 
with,  feems  to  be  that  afforded  by  real  philofophy.  For  this  teacheth  us 
to  form  true,  and  diftinft  notions  of  the  body,  and  the  mind ;  and  thereby 
manifefts  fo  great  a  difference  in  their  effential  attributes,  that  ihews  the  fame 
thing  cannot  be  both.  This  it  makes  out  more  diftinftly,  by  enumerating 
ibveral  faculties,  and  funftions,  of  the  rational  foul ;  fuch  as,  to  under- 
ftand,  and  that  fo  as  to  form  conceptions  of  abfbraft  things,  of  univerfals, 
of  immaterial  fpirits,  and  even  of  that  infinitely  perfeft  one,  God  himfelf: 
and  alfo,  to  conceive,  and  demonflrate,  that  there  are  incommenfurable 
lines,  and  furd  numbers ;  to  form  chains  of  reafoning,  and  draw  both 
cogent,  and  concatenated  inferences  about  thefe  things  ;  to  exprefs 
intelleftual  notions,  pro  re  nata,  by  words,  or  inftituted  figns,  to  other 
men ;  to  exercife  free-will  about  many  things  j  and  to  make  refleftions 
on  its  own  afts,  both  of  underftanding,  and  will.  For  thefe,  and  the  like 
prerogatives,  that  are  peculiar  to  the  human  mind,  and  fuperior  to  any 
thing  that  belongs  to  the  outward  fenfes,  or  to  the  imagination  itfelf,  ma- 
nifeft,  that  the  rational  foul  is  a  Being  of  an  higher  order  than  corporeal ; 
and,  confequently,  that  the  feat  of  thefe  fpiritual  faculties,  and  the 
fource  of  thefe  operations,  is  a  fubftance,  that,  being  in  its  own  nature 
diftinft  from  the  body,  is  not  naturally  fubjeft  to  peri(h  with  it. 

And,  with  regard  to  this  truth,  our  virtuofo  hath  an  advantage  of  a 
mere  fchool-philofopher.  For,  being  acquainted  with  the  true  and  real 
caufes  of  putrefaftion,  and  other  phyfical  kinds  of  corruption ;  and  there- 
by difcerning,  that  the  things  which  deftroy  bodies,  are  the  avolation,  or 
other  recefs,  of  fome  neceflary  parts^  and  iuch  a  depraving  tranfpofition 

Vol.  II.  li  of 
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Fhtsics.  of  the  component  nortions  of  matter^  as  is  altogether  unfuitable  to  the 
K^i^^KJ  ftrufture,  and  mecnanical  modification,  eflential  to  a  body  of  that  fpecies, 
or  kind,  whereto  it  belongs;  he  plainly  perceives^  that  thefe  caufes  of 
deftrii£tion  can  have  no  place  in  the  rational  foul ;  which  being  an  imma- 
terial fpirit,  and,  confequently,  a  fubftance  not  really  (^Tilible,  can  have 
Qno  parts  expell'd,  or  tranfpoled  j  and  foj^iag^xempted  from  the  phy* 
fical  caufes  of  eOTupn<ni,^that_de^^    bodies,  it  ought"      '  "^     '       ^ 
TSaidviieteg'^Tafibiial  creature,  linHow  i  wietriuLunal  piii 
as  appears  in  free-will,  it  ought  to  live  for  ever,  unlefs  it  pleale  God  to 
annihilate  it;  which  we  haye  no  reaibn  to  fuppofe  he  will  do.    On  the 
other  hand,  the  modem  Peripatetics  maintain  fubftantial  £c>nns,  by  fome  of 
them,  ftiled  Semi-jubflamia ;  to  which,  in  apes,  elephants,  and  others,  that 
pafs  for  ingenious  animals,  they  afcribe  fome  fuch  faculties,  and  fun^ions, 
as  &em  to  differ  only  in  degree  from  thofe  of  the  rational  foul ;  but,  how 
innocent  ibever  their  intentions  may  be,  their  do^bine  tends  greatly  to 
weaken  the  chief  phyiical  way  of  proof,  from  whence  the  immortality  of 
man's  mind  is  jufkly  inferred.    For  fince,  according  to  the  Perifatetics^ 
fubftantial  forms  are,  as  they  fpeak,  educed  out  of  the  power,  or  poten* 
tiality,  of  the  matter ;  and  fb  depend  upon  it,  not  only  as  to  aAlon,  but 
as  to  being,  that  they  cannot  at  all  fubfin  without  it ;  but  when  the  parti- 
cular body,  as  an  mrb,  a  ftone,  or  a  bird,  is  deftroy'd,  they  perifli  with 
It ;  I  think  they  eive  great  advantage  to  atheifts^  and  cavillers,  to  oppofe 
the  immortality  of  the  mind. 

For  if  to  an  ape,  or  other  brute  animal,  there  bdoi^s  a  Being  more 

noble  than  matter,  that  can  aftuate,  and  inform  it,  and  make  it&lf  the 

archite6i  of  its  own  manfion,  tho'  fo  admirable  as  that  of  an  ape,  or  an 

elephant ;  if  this  Being  can,  in  the  body  it  hath  framed,  perform  all  the 

funftions  of  a  vegetable  foul ;  and,  befides  thofe,  fee,  hear,  taft,  fmell, 

imagine,  infer,  remember,   love,  hate,  fear,  hope,  expeft,  &c.   and  yet 

be  a  mortal  thing,  and  perifli  with  the  body ;  Will  not  be  difficult  for 

thofe  enemies  oi  religion,  who  are  willing  to  think  the  foul  mortal,  to 

fancy,  tliat  hviman  minds  are  only  a  more  noble,  but  not  lefs  mortal  kind 

of  fubftantial  forms :  as,  amongft  fenfitive  fouls  themfelves,  which  they 

acknowledge  to  be  eaually  mortal,  there  is  a  great  difparity  in  degree  ;  that 

of  a  monkey,  for  inliance,  being  very  far  fuperior  to  that  of  an  oyfter. 

jMiOjiheiiefrf     3.  A  third  chief  principle  of  natural  religion,  and,  confequently,  ofre- 

j^wiM  ^''^^veard  religion,  which  fuppofes  the  former  as  its  foundation,  is  a  belief  of 

the  divine  providence.    And,  in  this  grand  article,  as  well  as  in  the  two 

foregoing,  a  man  may  be  much  confirm  d  by  experimental  philofophy ;  both 

as  it  affords  him  pofitive  inducements  to  acknowledge  the  article,  and  as  it 

fliews  the  gteat  improbability  of  the  two  principal  grounds,  on  one  or 

other  of  which  is  founded  the  denial  of  God's  providence, 

A  virtuofo,  who,  by  manifold  and  ciu'ious  experiments,  fearches  deep 
into  the  nature  of  things,  has  great,  and  peculiar  advantages,  to  difcover, 
and  obferve,  the  excellent  fabric  of  the  world,  as  *tis  an  immenfe  aggre- 
gate of  the  feveral  creatures  that  compo&  it;  and  to  take  notice  m  its 

par- 
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particular  parts,  efpecially  thofe  that  are  animated,  of  fuch  exquifite  con-  Phymcs. 
trivanc^,  and  fuch  adnr\irable  co-ordinations,  and  fubordinations,  in  re- 
ference to  each  other,  as  lie  hid  from  thofe  who  are  not  both  attentive,  and 
skilful.  When  our  virtuofo  contemplates  the  vaftnefs,  Icarce  conceivable 
fwiftnefs,  and  yet  conftant  regularity,  of  the  various  motions  of  the  fun, 
moon,  and  other  celeftial  lights ;  when  he  confiders  how  the  magnetifm 
of  the  earth  makes  its  poles  conftantly  point  the  fame  way,  notwithftand- 
ing  its  various  motions  ,•  how,  by  daily  turning  about  its  own  centre  in 
four  and  twenty  hours,  it  receives  as  much  light,  and  benefit  from  the 
fun,  and  all  the  glorious  conftellations  of  the  firmament,  as  if  they,  with 
all  the  vaft  heavenly  region  they  belong  to,  mov'd  about  it  in  the  fame 
time ;  how,  by  its  fituation  among  them,  it  enjoys  the  regular  viciffitudes 
of  day  and  night,  fummer  and  winter,  &c,  how  the  feveral  parrs  of  the 
fublunary  world  are  mutually  fubfervient  to  one  another,  and  moft  of 
them  ferviceable  to  man  ;  how  excellently  the  bodies  of  animals  are  con- 
trived ;  what  various,  and  fuitable  provifion  is  made  for  different  animals ; 
how  admirable,  and  aftonifliing  a  procefs  is  gone  through  in  the  forma- 
tion of  the  fcetus  ;  how  various  animals  are  endowed  withftrange  inftinfts, 
whofe  effefts,  fometimes,  feem  much  to  furpafs  thofe  of  reafon  itfelf : 
when,  I  fay,  a  philofopher  duly  reflefts  on  thefe  things,  and  many  others  of 
the  like  import,  he  will  think  it  highly  rational  to  infer  from  them  thefe 
three  conclufions. 

Firft,  that  a  machine  immenfe,  beautiful,  well  contrived,  in  a  word, 
fo  admirable  as  the  world,  cannot  have  been  the  effeft  of  mere  chance, 
or  the  tumultuous  juftlings,  and  fortuitous  concourfe  of  atoms  ;  but  muft 
have  been  produced  by  a«  caufe,  exceedingly  powerfril,  wife  and  bene- 
ficent. 

Secondly,  that  this  moft  powerful  author,  and  contriver  of  the  world, 
hath  not  abandonM  a  work  fo  worthy  of  him,  but  ftill  maintains,  and 
prefer ves  it ;  fb  regulating  the  ftupenaoufly  fwift  motions  of  the  great 
l^obes,  and  other  vaft  mafles  of  the  mundane  matter,  that  they  do  not, 
by  any  great  irregularity,  diforder  the  grand  fyftem  of  the  univerfe,  and 
reduce  it  to  a  chaos,  or  conftifed  ftate  of  things. 

Thirdly,  that  as  it  is  not  above  the  ability  of  the  divine  author,  though 
a  fingle  Being,  to  preferve,  and  govern  all  his  vifible  works,  how  great 
and  numerous  foever ;  fo  he  thinks  it  not  below  his  dignity,  and  majefty, 
to  extend  his  care,  and  beneficence  to  particular  bodies,  and  even  to  the 
meaneft  creatures ;  providing,  not  only  for  the  nourifhment,  but  for  the 
propagation  of  fpiders,  and  ants  themfelves.  And,  indeed,  fiince  the 
truth  of  this  aflertion,  that  God  governs  the  world  he  has  made,  would 
appear  by  the  conftancy,  and  regularity,  and  aftonifliingly  rapid  motions  of 
the  vaft  celeftial  bodies,  and  by  the  long  trains  of  as  admirable  artifices 
employed  in  the  propagation  of  various  forts  of  animals ;  I  fee  not  why  it 
ihould  be  deny'd,  that  God's  providence  may  reach  to  his  particular  works 
here  below,  efpecially  t<^  the  nobleft  of  them,  man ;  fince  moft  of  thofe 
who  deny  this,  as  derogatory  to  God's  majcfby,  and  happinefs^  acknow- 
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Physics,  ledge^  that^  at  the  firft  £9rmation  of  things,  the  great  author  of  them  mi^ 
"""^  '  not  only  have  extended  his  care  to  the  grand  lyftem  of  the  uni^erfe  i^l 
general ;  but  allowed  it  to  defcend  fo  low,  as  to  contrive  all  the  minute,, 
and  various  parts,  not  only  of  greater,  and .  more  perfeft  animals,  as  efcr 
phants,  whales,  and  men ;  but  fuch  fmall,  and  abjefl  ones,  as  flies,  ants, 
mites,  iXc.  which  being  manifeftly  propagated  by  eggs,  laid  by  the  feipale, 
cannot  reafonably  be  thought  the  o^pring  or  putrefaftion.  Whence  I 
gather,  as  from  matter  of  feft,  that  to  be  concerned  for  the  welfare,  ^yea 
of  particular  animals,  as  it  is  agreeable  to  God's  wiiHom,  and  exubei^Qt 
beneficence ;  fo  it  is  not  truly  derogatory  to  his  adorable  greatnefs,  and 
majefhr. 

And,  fince  man  is  the  nobleft  of  God's  vifible  works  ;  (ince  very  many 
of  them  feem  made  for  his  ufe ;  fince,  even  as  an  animal,  he  is  wonderfully 
made,  and  curioufly,  or  artificially  wrought ;  and  fince  God  has  both  gi* 
ven  him  a  rational  mind,  and  endow'd  it  with  an  intelledl,  whereby  he 
can  contemplate  the  works  of  nature,  and  by  them  acquire  a  convi&ion  of 
the  exiflence,  and  feveral  attributes,  of  their  fupremely  perfe£^  author ; 
and,  laftly,  fince  God  hath  planted  notions,  and  principles  in  the  mind  of 
man,  fit  to  make  him  fenfible,  that  he  ought  to  adore  his  maker,  as  the 
moft  perfeA  of  Beings,  the  fupreme  Lord,  and  governor  of  the  world ; 
natural  reaibn  didlates  to  him,  that  he  ought  to  exprefs  the  ientiments  he 
has  for  this  divine  Being,  by  a  veneration  of  his  excellendes ;  by  grati- 
tude for  his  benefits ;  by  humiliation,  in  view  of  his  greatnefs,  and  ma- 
jeft v ;  by  an  awe  of  his  juflice  i  by  reliance  on  his  power,  and  goodnefs ; 
ana,  in  ihort,  by  tho&  leveral  adls  of  natural  religion,  that  rei^n  ihews. 
to  be  fuitable,  and,  therefore,  due  to  thofe  feve^  divine  attributes,  of  his, 
which  it  has  led  us  to  acknowledge. 

And  here  I  fhall  add,  that,  from  the  Ourtefian  principles^  a  double  ar- 
gument may  be  drawn  for  divine  providence. 

For,  firll,  according  to  the  Cartefiansy  local  motion,  which  is  the  grand 
principle  of  all  aftion  among  things  corporeal,  is  adventitious  to  matter ; 
and  was,  originally,  produced  in  it,  and  is  flill  every  moment  continued,  and 
preferv'd,  immediately  by  God  :  whence  it  may  be  inferred,  that  he  con- 
curs to  the  adions  of  each  particular  phyfical  agent ;  and,  confequently, 
that  his  providence  reaches  to  all,  and  every  one  of  them. 

And,  fecondly,  the  fame  Cartefians  believe  the  rational  foul  to  be  an 
immaterial  fubftance,  really  diftindt,  and  feparable  from  the  body.  Whence 
I  infer,  that  the  divine  providence  extends  to  every  particular  man ;  fince, 
whenever  an  embryo,  or  little  human  body  fbrm'd  in  the  womb,  is,  by 
being  duly  organized,  fitted  to  receive  a  rational  mind,  God  is  pleas'd  to 
create  one,  and  unite  it  to  that  body.  In  which  tranfaftion,  there  feems 
to  me  a  neceffity  of  a  direct,  and  particular  intervention  of  the  divine 
power ;  fince  I  underftand  not,  by  what  phyfical  charm,  or  fpell,  an  im- 
material fubitance  can  be  allured  into  this  or  that  particular  embryo,  of 
many  that  are,  at  the  fame  time,  fitted  to  receive  a  human  foul ;  nor  by 
what  merely  mechanical  ties,  ox  bond»  an  immkterial  fubfbnce  can  be 

durably 
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durably  join*d,  and  united,  with  a  corporeal  one,  in  which  it  finds  no 
parts,  that  it  has  organs  to  take  hold  of,  and  to  which  it  can  fumifti  no 
parts  to  be  faften'd  upon  by  them.  No  better  can  I  conceive,  how  a 
mere  body  can  produce  pain,  pleafure,  &c.  by  its  own  mere  aftion,  or  ^ 
endeavour  to  aft  on  an  immaterial  fpirit.  No  will  the  force  of  all  this 
reafoning  be  eluded,  by  faying,  with  fome  deifts,  that,  after  the  firft  for- 
mation of  the  univerfe,  all  things  are  brought  to  pafs  by  the  fettled  laws 
of  nature.  For  tho'  this  be  confidently,  and,  not  without  colour,  pre- 
tended ;  yet,  I  confefs,  it  does  not  fatisfy  me.  For,  not  to  mention  the 
infuperable  difficulty  there  is,  to  give  an  account  of  the  firft  formation  of 
things,  which  many  deifts  will  not  afcribe  to  God  ;  nor  that  the  laws  of 
motion,  without  which  the  prefent  ftate,  and  courfe  of  the  world,  could 
never  be  maintained,  did  not  neceflarily  fpring  from  the  nature  of  matter, 
but  depended  upon  the  will  of  the  divine  author  of  things  ;  I  look  upon  a 
law,  as  a  moral,  not  a  phyfical  caufe ;  as  being,  indeed,  but  a  notional 
thing,  according  to  which,  an  intelligent  and  free  agent  is  bound  to  regu- 
late its  aftions.  But  inanimate  bodies  are  utterly  incapable  of  under- 
ftanding  what  a  law  is,  or  what  it  enjoins,  or  when  they  aft  conformably, 
or  unconformably  to  it ;  and,  therefore,  the  aftions  of  inanimate  bodies, 
which  cannot  incite,  or  moderate  their  own  aftions,  are  produced  by  real 
power,  not  by  laws ;  tho'  the  agents,  if  intelligent,  may  regulate  the  ex- 
ertions of  their  power  by  fettled  rules. 

4.  I  have  taten  notice  of  two  other  accounts,  upon  which  the  experi- 
mental knowledge  of  God's  works  may,  in  a  well-difpofed  mind,  con- 
duce to  eftabliih  the  belief  of  his  providence. 

And,  firft,  when  our  virtuofo  fees  with  how  many,  and  how  various, 
and  how  admirable  ftruftures,  inftinfts,  and  other  contrivances,  the  wife 
artificer  hath  furniflied  even  brutes,  and  plants  to  acc^uire,  and  affimi- 
late  their  foodj  to  defend,  or  otherwife  fecure  themlelves  from  hoftile 
things  ;  to  maintain  their  lives,  and  propagate  their  fpecies  ;  it  will  very 
much  conduce  to  perfuade  him,  that  fo  wife  an  agent,  who  has  at  com- 
mand fb  many  differing,  and  excellent  methods,  and  inftruments,.  to  ac-* 
compliih  what  he  defigns ;  and,  often,  aftually  employs  them  for  the  pre- 
iervation,  and  welfare  dF  beafts,  and  even  of  plants,  can  never  want 
means  to  compafs  his  moft  wife,  and  juft  ends,  with  relation  to  man- 
kind ;  being  able,  by  ways  that  we  fliould  never  dream  of,  to  execute  his 
purpofes,  and  fulfil  his  promifes. 

Secondly,  when  we  duly  confider  the  very  diflferent  ends  to  which: 
many  of  ood's  particular  works,  efpecially  thofe  that  are  animated,  feem 
defign'd,  with  refpeft  both  to  their  own  welfare,  and  the  utility  of  man  ; 
and  how  exquifitely  the  great  creator  has  been  pleafed  to  fupply  them 
with  means  admiraoly  fitted  to  attain  thefe  refpeftive  ends  ;  we  cannot : 
but  think  it  highly  probable,  that  fo  wife,  and  fo  bountiftil  a  Being,  has 
never  left  his  nobleft  vifible  creature,  man,  unfurniflied  with  means  ta 
procure  his  own  welfare^  and  obtain  his  true  end,  if  he  be  not  wanting  to 
ium&lf.    Andj,  iiuce  num  is  endow'd  with  reafo0>  wtuch  may  convuice 
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Phtsics.    him,  what  neither  a  plant,  nor  a  brute  animal  is  capable  of  knowing,  that'' 
\t^^r\^  Cod  is  both  his  maker  and  continual  benefaftor ;  fincc  his  reafon  likewifiy ' 
teacheth  him,  that  upon  both  thoie  accounts,  befides  others,  God  may 
...  juftly  expeft  and  require  worftiip  and  obedience  from  him;  fince  alfo  the 

,  ^ame  rational  faculty  may  perluade  him,  that  it  well  becomes  the  majelty 
and  wifdom  of  God,  as  the  foverci^i  governour  of  the  world,  to  give  a 
law  to  man,  who  is  a  rationnt  creature,  capable  of  underftanding  and 
obeying  it,  and  thereby  gloriijing  the  author  of  it;  fince,  finding  in  his 
own  mind  a  principle,  which  tells  him,  he  owes  a  veneration,  and  other 
fuitable  fentiments,  to  the  divine  author  of  his  being,  and  his  continual  and 
munificent  benefador ;  fince,  on  thel'e  accounts,  his  confcience  will  con- 
lince  him  of  his  obligation  to  all  the  eflential  duties  of  natural  religion  ; 
and  fince,  lailly,  his  reafon  may  affure  him,  that  his  foul  is  immortal, 
■  and  is  therefore  capable  and  defirous  of  being  everiaftingly  happy,  after  it 

has  left  the  body  ;  he  muft  in  reafon  be  ftrongly  inclined  to  wilh  for  a  fu- 
pematural  difcnvery  of  what  God  would  have  him  believe  and  do.     And 
therefore,  if,  being  thus  prepared,  he  ftiall  be  very  credibly  inform 'd,  that 
God  hath  aiflually  been  pleafed  to  dilcover,  by  iupernatural  means,  what 
kind  of  worfliip  and  obedience,  which  by  reafon  alone  he  could  but  guefs 
at,  will  be  moft  acceptable  to  him  ;  and  to  encourage  man  to  both  thefe, 
by  exprefs  promifes  of  that  felicity,  which  man,  without  them,  can  but 
faintly  hope  for;  he  would  be  ready,  then,  thankfully  to  acknowledge,  that 
this  way  of  proceeding  becomes  the  tranl(:endent  goodnefs  of  God,  without 
derogating  from  his  majefty  and  wifdom.     And  by  thefe  and  the  like  re- 
flexions, a  philofopher,  who  takes  notice  of  the  wonderful  providence,  that 
God  defccnds  to  exercife  for  the  welfare  of  inferior  and  irrational  crea- 
tures, will  have  an  advantage  above  men  not  vers'd  in  the  works  and  courfe 
of  nature,  in  believing,  upon  the  hiftorical  and  other  proofs  which  chriftianity 
offers,  that  God  has  aftually  vouchfafed  to  man,  his  nobleft,  and  only  ra- 
tional vifible  creature,  an  explicite  and  pofitive  law,  enforced  by  fevere 
penalties  denounced  aeainft  the  ftubborn  tranfgrefTors,  and  promifing  to 
the  fincere  obfer\-ers  of  it,  rewards  fuitable  to  his  own  greatnefs  and  good- 
ncfs.     And  thus  the  confideration  of  God's  providence,  in  the  conduft  of 
things  corporeal,  may  convey  a  weU-difpofed  mind  from  natural  to  re- 
veal'd  religion. 
X^'iMNttfi       5.  Anotner  thing,  that  difpofes  an  experimental  philofopher  to  embrace 
£  ^*/vS religion,  is,  that  his  genius  and  courfe  of  ftudies  accuftom  him  to  value 
r*itMfHr'-    antf  delight  in  abftraiS  truths ;  by  which  term,  I  here  mean  fuch  truths,  as 
^      do  not  at  4II,  or  very  little,  gratify  mens  ambition,  fenfuality,  or  other  in- 
-j     fcrior  paffions  and  appetites.     For,  as  the  generality  of  thofe  who  have  an 
\    averfion  to  religion,  are  led  to  it  by  a  contempt  of  all  truths,  that  do  not 
'^*.  gratify  their  paffions  or  interefts  ;  10,  he  who  is  addifted  to  experimental 
>^t;^  vi^tnowledge,  is  accuftom 'd  both  to  purfue,  efteem,  and  relifli  many  truths, 
^-;      that  do  not  delight  his  fenfes,  or  gratify  lus  paflions,  or  interefts  ;  but  only 
[  ""^    entertain  his  underftanding  with  that  manly  and  rational  fatisfaftion, 
which  is  naturally  afibrdeo^  by  the  attainnienc  of  dear  and  noble  truths. 
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its  genuine  objeftsand  delight.  And  tho'the  difcoveries  made  by  the  help  Physics. 
of  phyficalor  mechanical  experiments,  are  not,  for  the  moft  part,  allied  to  VjOTN^ 
revealed  religion ;  yet,  befides  that  fome  of  them  manifeftly  conduce  to  efta- 
blifli  or  illuftrate  natural  religion,  we  may  argue  dfortim,  that  he  who  is 
accuftomed  to  prize  truths  of  an  inferior  kind,  becaufe  they  are  truths, 
will  be  much  more  difpofed  to  value  divine  truths,  which  are  of  a  vaftly 
higher  and  nobler  order,  and  of  an  ineftimable  and  eternal  advantage. 

6.  But  farther,  both  the  temper  of  mind,  that  qualifies  a  man  for  a  vir- j^^"  '*  *  ^'' 
tuofo,  and  the  way  of  philofophizing  he  chiefly  employs,  greatly  conduce 

to  give  him  a  fufficient,  well-grounded,  and  duly-limited  docility ;  which  is 
a  great  difpofition  to  the  entertainment  of  reveal'd  religion.  In  the  vulgar 
and  fuperncial  philofophy,  wherein  a  man  is  allowM  to  think  that  he  has 
perform 'd  his  part  well,  when  he  has  afcribed  things  to  a  fubftantial  form, 
or  to  nature,  or  to  fome  real  quality,  whether  manifeft  or  occult,  without 
proving  that  there  are  fuch  caufes,  or  intelligibly  declaring,  how  they  pro- 
duce the  phenomena,  or  effefts  refer'd  to  them  ,•  *tis  eafy  for  a  man  to 
have  a  great  opinion  of  his  own  knowledge,  and  be  pufF'd  up  by  it.  But 
a  virtuofo,  who  cannot  fatisfy  himfelf,  nor  dares  pretend  to  fatisfy  others,  j 

till  he  can,  by  hypothefes  that  may  be  underftood  and  proved,  declare  in-      \j 
telligibly  the  manner  of  the  operation  of  the  caufes  he  affigns,  will  often        ^.\       > 
find  it  to  difficult  a  task  to  effeft  all  this,  that  he  muft  eafily  difcem,  he       -ii"      >^ 
needs  further  information,  and  therefore  ought  to  feek  for  it  where  'tis  ->j)\ 

the  moft  likely  to  be  had.  Befides,  the  litigious  philofophy  of  the  fchools 
feldom  furnifhes  its  difciples  with  better  than  dialeftical  or  probable  argu-  r 

ments,  which  are  not  proper  fully  to  latisfy  the  perfon  who  employs  them, 
or  to  leave  his  adverfary  without  an  anfwer,  as  probable  as  the  objeftion : 
upon  which  account,  men  who  have  more  wit  than  a  fincere  love  for  truth, 
will  be  able  to  difpute  fpecioufly  enough,  as  long  as  they  pleafe.  And  as 
fuch  flippery  arguments  are  not  able  to  convince  even  the  perfon  who  ufcs 
them,  if^he  be  a  man  of  judgment ;  fo,  if  he  deals  with  a  witty  adverfary, 
they  will  leave  him  able  to  elude  any  arguments  of  the  like  nature,  with 
which  he  fhall  be  prefs*d.  And  in  cffedt,  we  fee,  that  in  the  Ariftotelian 
philofophy  there  are  feveral  eflablifh'd  queflions  5  fuch  as.  Whether  the 
elements  retain  their  diflinft  natures  in  a  mix'd  body  ?  Whether  the  celeflial 
orbs  are  moved  by  intelligences  ?  cSTc.  which  have  been  difputed  from  age 
to  age,  and  are  like  to  continue  queflions  for  many  more,  if  that  philofophy 
fhall  laft  fo  long.  But  a  virtuofo,  who  in  his  reafonings  attends  to  the 
principles  of  mathematics,  and  found  philofophy,  and  to  the  clear  teflimo- 
nies  of  fenfe,  or  well  verify'd  experiments,  acquires  a  habit  of  difceming 
the  cogency  of  an  argument,  or  way  of  probation ;  and  eafily  perceives,  that 
dialectical  fubtilties,  and  fchool-tricks,  cannot  fhift  off  its  force  \  but  he 
finds  more  fatisfaftion  in  embracing  a  demonftrated  truth,  than  in  the  vain  . 
glory  of  fubtilly  difputing  againft  it. 

7.  Another  thing  that  may,  by  means  of  experiments,  difpofe  a  ftu- j('»^*/*»'^/* 
dious  fearcher  of  truth  for  revealed  religion,  is,  that  his  inquiries,  and ^J  rnl&ir* 
courfe  of  ftudies,  make  him  both  willing  and  fit  to  fearch  out  and  difcovcr 
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vs«-5.  d«qi  and  unobvious  truths.  I  have,  with  trouble,  obferv'd,  that  the 
"^TSJ  greater  part  of  the  libertines  among  us,  being  men  of  Pilau's  humour, 
(who,  when  he  had  fcornfully  ask'd,  what  is  truth  ?  would  not  ftay  for  an 
anfwcr)  with  great  difdain,  dcdine  the  ftudy  of  all  truths  that  require  a 
fcrious  and  fettled  application  of  mind.  Thefe  men  are,  for  the  mou  part, 
a  fort  of  iliperficial  anddefultory  wits,  who  go  no  further  than  the  out- 
fide  of  things,  without  penetrating  into  the  recedes  of  them  ;  and,  being 
eafily  tir'd  with  contemplating  one,  pafs  quickly  to  another  ;  the  confide- 
ration  whereof,  they,  with  the  lame  lightnefs,  forfake.  And,  upon  this 
account,  among  others,  it  is,  that  fuch  men,  though  often  much  ap- 
plauded by  others,  becaufe  the  moft  are  but  fuperficial,  as  well  as  they, 
almoft  as  feldom  make  good  philofophers,  as  good  chriftians.  For  tho' all 
p.  the  found  arguments,  that  may  be  brought  to  evince  the  truth  of  natural 

I  and  reveal'd  religion,  be  not  abftrufe  ;  yet  fome  of  the  principal,  efpecially 

"  thole  that  prove  the  exiftence  and  fpecial  providence  ot  God,  and  the  im- 

mortality of  the  foul,  are,  if  not  of  a  metaphyseal,  yet,  at  leaft,  of  a 
philofophical  nature  j  and  will  fcarce  be  dearly  underftood,  and  duly  re- 
■  Ufh'd,  but  by  a  perfon  capable  of,  and  accuftom'd    to  attentive  and  pro- 

1  long'd  fpeculacions.       Now,  a  man  addicted  to  prolecute  difcoveries  of 

'  truths,  not  only  by  lerious  meditation,  but  by  intricate  and  laborious  ex- 

periments, will  not  eafily  be  detcrr'd  from  effeftually  piurfuing  his 
end,  by  the  toils  or  difficulties  that  attend  the  clearing  of  tbofe  notions, 
and  matters  of  faft,  whereon  fblid  arguments  for  natural,  or  reveal'd 
religion,  are  founded  ;  how  remote  foever  thofe  truths  may  be  from  vulgar 
apprehenfions.  In  (hort,  a  fuperficial  wit,  fuch  as  is  frequently  founa  in 
libertines,  and  often  helps  to  make  them  fuch,  may  be  compared  to  an 
ordinary  fwjmmer,  who  can  reach  but  fuch  things  as  float  upon  the  wa- 
ter;, whilft  an  experimental  philofopher,  like  a  ssilful  diier,  not  only  ob- 
tains thofe  things  that  lie  upon  the  furface  of  the  fea,  "but  makes  his  way 
to  the  very  bottom  of  it ;  and  thence  fetches  up  pearls,  corals,  and  other 
precious  things,  that,  in  fuch  depths,  lie  conceal'd  from  other  men's 
fight  and  reach. 
E^mmti  We  have  feen,  then,  that  experimental  philofophy  is,  in  its  own  na- 
i^^Sjj^'  ture,  favourable  to  religion,  in  general :  it  alfo  greatly  conduces  to'fliew 
l^^lfp^^'Ytp.  the  truth  of  the  chriftian  religion,  in  particular. 

*««''  This  excellent  religion  is  recommended  to  minds  rightly  difpofed,  by 

a  great  number  of  prerogatives,   whereof  I  (hall  mention  a  few. 

I.  And  firft,  the  three  grand  arguments,  that  jointly  evince  the  truth  of 
the  chriftian  religion  in  general,  are,  in  my  opinion,  the  excellency  c£  a 
.the  doftrine,  which  makes  it  worthy  to  have  proceeded  from  God  ;  the  ^ 
teftimony  of  the  divine  miracles,  wrought  to  recommend  it ;  and  the  great 
effefts,  produced  in  the  world  by  it.  Two  of  thefe  three  arguments  are 
bottom  d  upon  matters  of  fei5t,  and,  confequently,  are  likely  to  be  the 
moft  prevalent  upon  thofe  who  have  a  great  veneration  for  experience,  and 
are  duly  difpofed  to  frame  fuch  pious  refieftions,  as  it  warrants  and  leads 
to. 

Now, 
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Now,  an  experimental  philofopher,  who  is  mafter  of  others  experience,  Phvstcs. 
as  well  as  of  nis  own,  and  duly  qualified  to  refleft  upon  both,  wiD  find  L/'VNJ 
ftrong  motives  to  the  belief  of  chriftianity,  in  the  two  laft  of  thefe  ^rgii-^^J^j^'*^' 
ments  of  its  truth.    We  muft  here  obferve,  that  the  word  experience  may    '^^^^^' 
admit  of  feveral  fenfes,  whereof  one  is  far  more  comprehennve  than  ano- 
ther ;  and  likewife,  of  feveral  divifions,  and  diftributions.    For,  befides 
its  more  reftrained  acceptation,  it  is  fometimes  fet  in  contra-diftinftion  to 
Tcafon,  fo  as  to  comprehend,  not  only  thofe  phenomena  that  nature  or  art 
exhibits  to  our  outward  fenfes,  but  the  things  we  percei^fe  to  pafs  with- 
in ourfelves ,  and  all  thofe  ways  of  information,  wherebv  we  attain  any 
knowledge  that  we  do  not  owe  to  abftrafted  reafon.    So  that,  without 
ftretching  the  word  to  its  utmoft  extent,^  and  to  which  it  has  been  enlarged, 
it  may  be  looked  upon  as  a  very  comprehenfive  term,  and  fit  to  be  brancb- 
-ed  into  parts.    I  (hall,  therefore,  divide  it  into  perfonal,  hiftorical,  and 
fupematural,  or  theological. 

1  call  that  perfonal  experience,  which  a  man  acquires  immediately  by  '•'i«^^ 
himfelf,  and  which  accrues  to  him  by  his  own  fenfations,  or  the  exerafe  of 
•his  faculties,  without  the  intervention  of  any  external  teftimony.  *Tis  by 
this  experience  we  know,  that  the  fun  is  bright ;  fire,  hot ;  fnow,  cold, 
and  white  j  that,  upon  the  want  of  aliment,  we  feel  hunger  ,•  that  we 
hope'for  future  good  j  that  we  love  what  we  judge  good,  and  hate  what 
we  thinlc  evil  \  and  diXcem  that  there  is  a  great  difference  between  a  tri- 
an^,  and  a  circle,  and  can  diftinguifli  them  b^  it.  ' 

By  hiftorical  experience,  I  mean  that,  which  tho' it  were  perfonal  in^***^ 
fome  other  man,  is  but  by  his  relation,  or  teftimony,  whether  immediately, 
or  mediately  conveyed  to  us.     'Tis  by  this  we  know,  that  there   were 
fuch  men  as  Julius  Cafar^  and  H^ilUam  the  conqueror ;  and  that  Jofeph  knew 
Pharaoh  had  a  dream,  which  the  Egyptian  wife-men  could  not  expound. 

Theological  experience  is  that,  by  which  we  know  what  (fuppofing  a  ^  thoUpc^^ 
divine  revelation)  God  is  pleafed  to  relate,  or  declare  concerning  nimfelf,*^''*^*'^'***' 
his  attributes,  his  aftions,  his  will,  or  his  purpofes ;  whether  immediate- 
ly, as  he  fometimes  did  to  Job  and  Mofes^  and  confltantiy  to  our  Saviour  ^ 
or  by  the  intervention  of  angels,  prophets,  apoftles,  or  infpired  perfbns  j  as 
he  did  to  the  Ifraelites^  and  the  primitive  xdiriftian  church  ;  and  ftill  does  to 
us,  by  thofe  written  tefti  monies  we  call  the  fcriptures. 

By  perfonal  experience,  we  know  that  there  are  ftars  in^the  heavens ;  by 
Jiiftorical  experience,  we  know  that  there  was  a  new  ftar  feen  by  TychOj  and 
other  aftronomers,  in  Cajjiopeia,  in  the  year  1572  ;  and,  by  the^ogical  ex- 
perience, we  know,  that  the  ftars  were  made  on  the  fourth  day  of  the 
creation. 

I  do  not,  therefore,  here  take  experience  in  the'ftrifteft  fenfe  of  all,  but 
in  a  greater  laritude,  for  the  knowledge  we  have  <tf  any  matter  of  fad ; 
which,  without  owing  it  to  our  reafoning  facultj%  we  either  acquire  by 
the  immediate  teftimony  of  our  own  fenfes,  and  other  faculties,  or,  it  ac^ 
cnies  to  us  by  the  communicated  teftimony  of  others.  And,  even  ia  com- 
mon acceptarion^  the  word  experience  is  not  always  meant  of  tbat  wMdi 
Vol.  U.  Kk  is 
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PHrsics.  is  immediate,  but  is  often  takea  in  a  latirude.     As  when  we  fay,  tx- 

^^yy^J  perience   teaches  us,  who,  perhaps,  were  never  out  of  England,  that  the 

torrid  zone  is  inhabited  ;  and  perluades  learned  men,  who  had  Dpportiirit)t 

I  to  make  nice  agronomical  obicrvations,  that  ftars  may  be  generated,  and    ( 

perlfh;  or,  at  leaft,  begin  to  appear,  and  then  difappear  in  the  celeftial  i 
region  of  the  world.  On  this  kind  of  hiftorical  e_\perience,  confining  of  "*  ( 
the  perfonal  oblervations  of  Hippocrates,  Galen,  and  other  phyficians,  tranl-  . 
initted  to  us,  a  great  part  of  the  praftice  of  phyfic  is  founded.  And  the  j 
moft  rarional  phyficians  take,  as  matters  of  fact,  not  only  what  other  phy—  ] 
ficians  have  left  upon  record,  but  many  prefent  things,  which  themlelves .  ■ 
can  know  but  by  the  relation  of  their  patients  ;  as,  that  a  man  has  a  parti- 
cular antipathy  to  fuch  a  thing,  which  the  doftor,  perhaps,  judges  ht  for  ' 
thimtoufe;  or,  that  a  woman  with  child,  longs  for  this,  or  that  deter-  i 
minate  thing.  And,  phyficians  reduce  thefe,  and  the  like  matters  of  faft,  ] 
to  experience,  as  to  one  of  the  two  columns  of  phyfic,  diftinguiftied  from 
rcafon. 

Since,  then,  learned  men,  as  weUascuftom,  confine  not  the  application 
of  the  word  experience,  to  that  which  is  perfonal,  but  employ  it  m  a  far 

I  greater  latitude  ;  I  fee  not,  why  that,  which  I  call  theological  experience^ 
may  not  be  admitted;  fince  the  revelations  that  God  makes  concerning 
what  he  has  done,  or  purpofes  to  do,  are  but  teftimonies  of  things,  moft 
of  them  matters  of  fact,  and  all  of  them  fuch,  as,  (fo  far  as  they  are  merely 
revelations)  cannot  be  known  by  rcafoning,  but  by  tcftimony  j  whofe  be- 
ing divine,  and  relating  to  theological  fubjefts,  does  not  alter  its  nature^ 
tho'  it  give  it  a  peculiar  and  fuper-eminent  authority. 
To  apply  this  diftrlbution  of  experience,  to  the  matters  of  faft,  that  re- 
commend the  credibility  of  the  chriftian  religion,  I  (hall  offer  my  thoughts, 
in  two  diftiudl  propofitions.  _       

P  R  O  P.    I. 

.  JVe  ought  to  hlieve  feveral  things  upon  the  ii^ormathn  of  expetitnce^  mediatt. 
aad  immidiate,  vihich^  -without  that  mfarmatiott,  vx  jbould  judi^e  unfit  tt^ 
he  credited ;  otj  tuttecidently  to  it^  aihtaUy  judged  contrary  to  re-ifan. 

This  propolition  tnay  be  underftood,  either  of  perfons,  or  of  things, .  aod. 
wiU  hold  true  in  both. 

And,  firftt  as  to  perfcnis ;  if  our  own  observation  of  what  occurs 
among  manluiHl*  does  not  iktisfy  us,  thst  we  are  oblig'd,  after  fuiHcient 
tryal,  frequently  to  alter  the  opinions,  which,  upon  probable  reaibns,  we 
had  bcftire  entenain'd,  of  the  fidelity,  prudence,  juftice,  chaftity,  (Xc.  ef 
this  or  that  perfoa ;  we  need  only  turn  tx>  the  records  of  hiflory,  or  appeal 
to  the  tribunals  of  ju^es.  For,  in  both  we  find  but  too  many  inftances 
ftnd  proofs  from  matters  of  faft,  th«t  perfons  look'd  on,  even  by  intelli- 
gent nien,  ash^Hieft,  virtuous,  and  holy,  hare  p^ov'dftdfe, perfidious,  dii^ 
Icpya),  uDJoft,  fiicrilegious,  perjur'd,  dTc.  And,  in  the  courts  of  juftice,  we 
&4  a  great  deal  ofu^neimploy'd  codete^  not  only  civiltranfgre^ns;  - 

-■"'""■  8?  ■ 
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ns  thefts,  cheats,  forgery,  felfe-witnefs,  adultery,  and  the  h'ke,  pefpetra-  Physics. 
ted  by  thofe,  who,  before  they  were  throughly  (rfted,  pafs'd  for  honeftj'  -^^^  • 
but,  even  fins  againft  nature ;  as,  the  murders  of  parents  by  their  chil- 
-dren,  and  children  by  their  parents,  &c.  Whence  'tis  plain,  that  we 
ought,  upon  the  teftimony  of  experience,  to  change  the  opinions  we  thought 
we  had  rationally  taken  up  of  perfons.  I  now  proceed  to  make  good  the 
propofition,  in  the  fenfe  I  chiefly  intended,  which  is,  as  it  relates  to 
things. 

If  experience  did  not  inform  and  certify  us,  who  would  believe,  that  a  little 
heap  ot  light,  black  grains  of  matter,  fhould  be  able  to  over-turn  ftone- walls, 
blow  up  whole  caftles  and  rocks  themfelves,  and  do  thofe  other  ftupendous 
things,  that  we  fee  aftually  performed  by  gun-powder,made  ufe  of  in  ordi- 
nance, and  in  mines  ?  Who  would  think,  that  two  or  three  grains  of  opium, 
ihould  fo  ftupify  a  large  human  body,  as  to  force  a  fleep  •,  and  often,  even: 
without  that,  fufpend  the  Iharpeft  torments  irt  the  cholic,  gout,  and  other  the 
moft  painftil  difeafes,  in  patients  of  quite  different  ages,  fexes,  and  con- 
ftitutions  ;  in  whom  alfo  the  difeafes  are  produced  by  differing,  or  even 
by  contrary  caufes?  Who  would  believe,  that  the  poifon  aahering  to 
the  tooth  of  a  mad  dog,  tho*,  perhaps,  fo  little,  as  to  be  fcarce  difcemi- 
ble  by  fenfe,  fhould  be  able,  after  the  flight  hurt  is  quite  healed,  to  conti- 
nue in  the  warm,  perfpirable  body  of  the  bitten  perfon,  not  only  for  fome 
<lays,  or  months,  but,  fometimes,  for  very  many  years  ?  And,  after  ha- 
ving lurk'd  all  that  while,  without  giving  any  trouble  to  the  patient, 
that  it  fhould,  on  a  fudden,  pervert  the  whole  ceconomy  of  his  body,  and 
produce  a  madnefs  like  that  of  the  dog  which  bit  him,  difcovering  itfelf 
by  that  flrange  and  fatal  fymptom,  an  Hydrophobia? 

But,  befictes  a,  multitude  of  inftanccs  that  may  be  given  of  truths,' 
which,  were  it  not  for  experience,  we  fhould  refufe  to  believe  ;  becaufe 
the  fmall  ftrength  of  fuch  agents,  leems  altogether  difproportionate  to 
the  efefts  afcribed  to  them  ,  many  other  inftances  might  be  alledg'd, 
wherein  we  aflent  to  experience,  even  when  its  informations  feem  con- 
trary to  reafon,  and  that  which,  perhaps,  we  did  aftually,  and,  without 
fcruple,  take  to  be  true. 

Since  gravity  is  the  principle,  that  determines  falling  bodies  to  mo\^ 
towards  the  center  of  the  earth ;  it  feems  very  rational  to  believe,  with 
the  generality  of  philofcphers,  that,  in  proportion  as  one  body  is  more 
heavy  than  another,  fo  it  fhall  fall  to  the  ground  feiter  than  the  other. 
Whence  it  has  been  inferred,  that  ctf  two  homogeneous  bodies,  whereof 
one,  for  example,  weighs  ten  pounds,  and  the  other  but  one  pound  ;  the 
former,  being  let  fall  rrom  the  fame  height,  and  at  the  fame  time  with 
the  latter,  will  reach  the  ground  ten  times  fooner. 

But,  notwithftaftding  this  pla^fible  reafbning,  experience  ihews  us,  (and 
I  have  purpofely  try  d  it)  that  bodies  of  very- unequal  w*eight,  let  fell 
together,  will  reach  the  ground  at  the  lame  time  ;  or  fo  near  it,  that  'tis 
not  eafy  to  perceive  any  <lifference  in  the  velocity  of  their defcerit,  from  a 
moderate  height. 

Kki  ^Tis 
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PhtOCS.  Tis  generally  taken  for  granted,  by  naturalifts,  as  well  as  otiiers,  that 
- t^y'^^^m/ ftrong  and  loiui founds,  as  they  are  heard  much  fanher  off,  than  fainter; 
fo,  if  the  fonorous  bodies  be  equally  diftanc  from  the  ear,  the  very  ftrong 
found  will  arrive  much  foonerat  it,  than  the  other ;  yer,  by  the  experi- 
ments of  the  moderns,  about  the  velocity  of  founds,  (in  making  many  of 
which,  I  have  endeavour'd  at  accuracy)  it  appears,  chat  weaker  founds 
are  (at  leaft,  as  to  fcnfe)  tranfmitted  through  the  air  as  fwiftly  as 
the  ftronger.  And,  indeed,  'tis  often  obferv'tC  that  when  cannons  and. 
muskets  are  difcharg'd  together,  the  reports  of  both  arrri\c  together  at 
the  ear. 

It  feems  irrational  to  conceive,  that  a  fmaller  and  weaker  load-ftone, 
fliould  draw  away  a  piece  of  fteel  from  a  larger  and  ftronger  ;  yet,  my  ex- 
perience (and  that  of  others)  proves,  that,  in  fome  cafes,  this  paradox 
IS  a  truth. 

It  has  generally,  by  philofbphers,  as  well  as  other  men,  been  look*d 
upon  as  manifeft,  and  agreeable  to  reafon,  that  cold  condenfes  water,  more- 
or  lefs,  according  to  its  degree;  and,  confequently,  that  ice  is  water 
reduced  into  a  lefs  bulk.  But,  'tis  plain,  by  experiments  carefully  made, 
that  water  is,  by  glaciation,  rather  expanded  j  or,  at  leaft,  that  ice  takes 
up  more  room,  than  the  water  did  before  it  was  congeal'd.  And  of  this 
fort  of  inftances,  it  were  eafy  to  add  a  vaft  number. 

And,  to  extend  the  force  of  our  arguments,  to  that  experience  which  is 
not  immediate,  or  perfbnally  our  own,  but  communicated  by  others  j  pro- 
vided it  be  competently  attelted,  and  duly  convey 'd  to  us  ;  there  will  need 
but  a  little  refleiiion  on  what  is  judg'd  reafonable,  and  freely  praftis'd, 
by  philofophers  themfelves.  For,  how  many  conclufions  have  the  mo- 
dern naturalifts  admitted,  the'  abftraft  reafoning  never  led  men  to  make 
them,  -and  even  while  pkuftble  arguments,  and  the  notions  and  axioms 
of  the  moft  generally  receiv'd  philofophy,  were  contrary  to  them  ?  Thus, 
that  in  the  heavens  there  firould  be  generations  and  corruptions,  was  not 
only  unobfcrv'd  before  the  time  of  Ariftattey  but  is  contracUfted  by  his  ar- 
guments ;  yet  I,  with  many  others,  have  feen  great  fpots  (perhaps  bi^er 
than  Europe)  generated  and  diflipated  on  or  near  the  furface  of  the  toi : 
and  feveral  of  the  modem  phiJolophers  and  aftronomers,  having  never  be- 
held any  of  thefe,  muft  take  the  phenomena  upon  the  credit  oTthoie  who 
tave  obferv'd  them.  And  much  more  muft  they  do  fo,  who,  in  Ipite  of 
the  vulgar  philofophy,  which  made  all  comets  fublunary,  believe  they 
are  celeftial  bo<^es.  For,  that  they  appear  above  the  concave  of  ct^ 
snoon's  orb;  we  credit  upon  the  affirmation  of  thofe  who  djferv'd  them  j 
which  very  few  have  done  themfelves.  And  the  height  of  the  famous  co- 
met, or  dilappearing  ftar.  in  Gi^o/»<i,  inthe  year  1572,  whereonfomucfi 
ftrefs  is  laid  by  our  philofophers  and  mathematicians,  is  admitted  and 
urged,  chiefly  rcora  the  opinion  they  have,  not  only  of  Tjcho's  veracity,  but 
his  skill  in  obferving  the  motions  and  phenomena  of  that  celeftial  tight  j  and 
particularly  its  having  no  parallax. 
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In  fliort,  the  great  artiche£t  of  experimental  hiftory.  Sir  Francis  Baeon,  Physics* 
when  he  divides  it  but  into  three  parts,  affigns  the  fecond  of  them  to  what 
he  calls  preter-generations  ;  fuch  as  monfters,  prodigies,  and  other  things ; 
which  being,  as  to  us,  but  cafualties,  all  thofe  that  happen^  in  other 
times  and  places  than  we  have  lived  in,  we  muft  take  upon  the  credit  of 
others.  And  yet  thefe  mediate  experiments,  bv  fuggefting  new  uiftances 
of  nature's  power,  and  uncommon  ways  of  worxing  ;  and  by  overthrow- 
ing, or  limiting,  received  rules  and  traditions ;  afford  us  a  coiifiderable  and 
inftruftive  pan  of  natural  hiftory,  without  which,  it  would  not  be  either 
fo  found,  or  fo  compleat. 

P  R  O  P.    IL 

tf^e  ought  to  have  a  great  and  particular  regard  to  thofe  things  that  are  re*^ 
commended  to  our  beliefs  bj  what  we  have  reduced  to  real^  tho'  fupernaturoL 
experience. 


/ 


For,  I.  *Tis  manifeft,  that  the  naoft  rational  men  fcruplenot  to  believe,v        \^ 
upon  competent  teftimony,  many  things,  whofe  truth  did  no  way  appear  ^ 

to  them,  by  confidering  the  nature  'of  the  things  themfelves ;   nay,  tho*  * 
what  is  thus  believ'd  upon  teftimony,  be  fo  ftrange,  and,  fetting  afide  that 
teftknony,  would  feem  fo  irrational,  that  antecedently  to  it,  the  things,  ac  . 
laft,  admitted  as  truths,  were  aftually  rejefted  as  errors,  or  judged  al-     \v 
together  unfit  to  be  believ'd.     And  the  points  wherein  experience  over-      ^ 
rules  that,  which,  before  it  happened,   was  judg'd  to  bemoft  agreeable  tc      ^  ^ 
reafon,  concern  things  merely  natural,  or  civil,  whereof  human  rreafon  isr^    ^  \j 
held  to  be  a  proper  judge ;  whereas,  many  of  die  points  recomraraded  by_  ^ 
fupernatural  experience,  concern'thmgs  of  a  fuperior  order ;  many  of  which  . 
are  not  to  be  adequately  eftimated  by  the  fame  rules  with  things  merely 
corporeal,  or  civil ;  and  fome  of  which,  as  the  effence  and  manner  of  ex-  - 
iftencej  and  fome  peculiar  attributes,  of  the  infinite  God,  involve  or  re-^ 
quire  luch  a  knowledge  of  what  is  infinite,  as  vaftly  exceeds  the4:eacfa  of  our:' 
limited  underftanding. 

But  this  is  not  all :  for,  ji.  As  'tis,  with  juftice,  generally  granted,  that  the 
better  qualified  a  witnefs  is,  in  the  capacity  of  a  witnefs,  the  ftronger  af- 
fent  his  teftimony  deferves ;  fb  we  ought,  of  all  the  things  that  can  be 
recommended  to  us  by  teftimony,  to  receive  thofe  with  the  nigheft  degree 
of  aflfent,  that  are  taught  us  by  God,  thro*  the  means  of  tlwfc  perfons  - 
who  appear  to  have  been  commiilioned  by  him  to  declare  hi^  mind  to  men* 
For  the  two  grand  requifites  of  a  witnefs,  being  the  knowledge  iie  has  of^ 
the  things  he  delivers,  and  his  faithfiilnefs  in  truly  delivering  what  he.  ( 
inows;  all  human  teftimony  muft,  on  thefe  accounts,  be  inferior  to  di^* -|  re 


?/ 


vine  teftimony  :  (ince  the  latter  is  warranted  both  by  the  veracity  of  Go^  . 
and  by  his  boundlefs  knowledge ; .  which  makes  it  as  impofCble  he  fliould   j 
be  deceivM  hhnfelf,  as  the  other  does,  that  he  fiiould  .deceive  us.    And,  j 
becaufe  that,  for  the  delivery  of  divifie  teftimony,  it  has  oft6n  pleased  God, 
who  isamoftfiree,  as  well  as  a  moft  wife  agent,  to^  make  ule  of  unpro- 

mifing 
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vsics.    miiing  pcrTolis  as  his  inftruments  ;  I  (hall  not  altogether  orerlcot  this  cir- 
Y^*!  ciinifeiite,  that  an  experimental  philofopher  fo  ottcn  increafes  his  know- 
■V.       i  ledge  of  natural  things,  by  what  he  Icarns'from  the  obfervations  and  pra- 
.'    ?  ,K'  ftices,  even  of  mean,  and,  perhaps,  of  iUitcrate  pcrfons,  becaiife  they  arc 
v4  \5     '  converlant  with  the  works  of  nature  ;  that  he  is  not  only  willing  to  ad- 
mit, but  often  curious  to  feek  for  informations  from  tliem  :  and  therefore 
he  is  not  likely  to  fhew  much  reluftance  in  receiving  the  deft  lines  of  reveal- 
ed religion,  fuch  as  chriftianity,  if  the  teachers  of  it  were  honeft  men» 
and  had  opportunity  to  know  the  truth  of  the  things  they  deliver  ;  tho*    , 
I  they  \wz\e  ot  fomc  mean  profcflion.  ■  m 

And,  indeed,  ibcb  a  perfim  as  our  virmolbh  wiJi,  with  great  wiUingnei^ 
exerdfe  lumfelf  in  penwng,  with  attention,  aod  much  r^^rd,  the  wndngc 
■  of  tbe  flppftlis.  evaqgelifts,  vaA  andeuniyo^rfieu;  iro^ehfiihdiAe^y  mem^ 
HeTjtJtlcsr^lftcondidon,  or  of  Acir-ftcnlareai^oyittttits.  And  heft, 'he 
'will  not  only  readily  fuller  himfclf  to  be  InftriK^cd  in  the  grand  and  gene- 
ral articles  of  religion,  which,  becaufe  of  their  neccflity,  or  very  great 
ufefulnefs,  are  to  be  met  with  in  many  places,  and  in  variety  of  exprefllons, 
by  honeft  and  duly-difpofed  readers  ;  but  he  will,  inftead  of  difdaining 
fuch  tutors,  both  expect,  and  carefully  ftrtve,  to  improve  his  knowledge  . 
■  '  of  divine  things  in  general,  even  by  thofe  hints,  ana  incidental  paflages, 
that  fl  carclefs  or  ordinary  reader  would  overlook,  or  not  cxpeft  any  thing  . 
from-  For,  as  the  fertility  of  the  fcriptures  is  not  ufuaDy  enough  difcern'd 
by  vulgar  readers,  when  the  facrcd  writers  tranfiently  touch  upon  a  great 
many  fubjefls,  that  they  do  not  exprefly  handle  ;  lb,  the  docility  wc  have 
afcribed  to  our  virtuofo,  will  make  him  repofe  a  great  deal  of  tnift  in  the 
tcftimony  of  infpired  perfons,  fuch  as  Chrift  and  his  apoftlcs,  about  things 
of  all  forts,  whether  ufually  taken  notice  of,  or  not,  that  relate  to  objefts  of 
afupernaturatorder  ;  efpecially  if  among  thefe,  God  himielf,  and  his  piu"- 
;pofes,  be  comprized :  fince  feveral  of  thofe  things  are  not  knowable  with- 
out revelation,  and  others  are  bell  known  by  it.  And  to  beallow'd  to  ground 
a  belief  about  fuch  things,  on  the  relations  and  other  teftimotues  c*  thofc 
that  were  "  cye-witneifes  and  mmifters"  of  the  things  they  fpeak  of,  will; 
by  our  virtuofo,  be  j'uftly  reputed  fuch  an  advantage,  in  order  to  the  know- 
ledge of  things  divine;  as  the  confulting  with  navigators  and  ti^vellers  to 
America,  is,  to  a  perfon  curious  to  learn  the  ftate  of  that  new  world.  For 
an  ordinary  fea-man  or  traveller,  who  had  the  oj^»ortunity,  with  Columbus, 
-^  toiailalong^thefeveraleoa^sof  it,-and-p'afs"T5p~arta  dO#n  3ior6jj^_^tlB 
(X\  'COUDtyy,  wgsa^eatjiis-ietuni. to  inform  men  rf  _a  huntSed  thinei,_tha« 
Vj'  they  wouH^never  have  learn'd_by  AHftotle^s  philofophyjclr  ^teknn's  geo- 
graphy;.iindlHTght~iibt  only  acquaTnt'tTicm"wtfrmariypamcuIars,  agree- 
able  to  the  opinions  which  thur  l?eceiv*d  phyfics  and  cofmography  fug- 
gefted,  but  alio  rectify  feveral  erroneous  prefumptlons  and  hiifkkes,  whicn, 
.till  then,  they  thought  very  agreeable  to  the  diftates  of  thofe  fciences,  and 
.to  reafon.  And  as  one,  who  had  a  candid  and  knowing  friend,  intimate 
■wrth'CoTamiaj,  might  better  rely  on  his  informations  about  many  parties* 
Jars  of  the  natural  hiitory  of  thofe  pattSj  than  on  thofe  of  a  hundred 

fehod- 
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fchool-philofcphers,  who  knew  only  what  they  learned  from  AriflotUy  Pliny ^  Physics; 
jEliatty  and  the  like  ancient  naturalifts ;  much  more  may  we  rely  on  the 
accounts  given  us  of  divine  things,  by  the  apoftles,  and  conftant  attendants 
of  him  who  lay  in  the  "  bofom  of  ood  his  father,"  and  commiflion'd  them 
to  declare  to  the  world  the  "  whole  counfel  of  God,**  as  far  as  *twas  ne- 
ceffary  for  man  to  know- 

Fuiler  trials  are  allowM,  among  ingenious  men,  to  reftify  the  informa- 
tions of  the  more  imperfeft  ones  ;  and  therefore  I  fhall  add,  that,  tho'thc 
innate  notions  and  fentiments,  which  nature  gives  us  of  the  attributes  and 
mind  of  God,  be  highly  to  be  prized ;  yet  the  informations  that  theological 
experience  affords  of  thofe  abllrufe  things,  is  far  more  excellent  and  corn- 
pleat. 

I  have  dwelt  the  longer  upon  the  miracles  that  may  be  pleaded  to  recom- 
mend the  chriftian  religion,  becaufe  I  thought,  that  an  argument  grounded 
on  them  is  little  lefs  than  abfolutely  neceflary,  to  prove  that  any  religion 
men  believe  to  be  fupematurally  revealed,  really  proceeds  from  God. 

For,  tho'  the  excellency  of  the  chriftian  doftrine,  and  other  concurrent 
motives,  may  juftly  perfuade  me,  that  'tis  worthy  and  likely  to  be  given  by 
God }  yet  that,  in  faft,  this  dodlrine  comes  from  him  by  way  of  fupematural 
revelation,  I  can  fcarce  be  fufficiently  afcertain'd,  but  by  the  miracles 
wrought  by  Chrift  and  his  difciples,  to  evince,  that  the  dodlrine  they 
preacn  d,  as  commiffion*d  by  God.  to  do  fo,  was  indeed  his ;  being,  as 
fuch,  owh'd  by  him.  But  thefe  miracles  having  been  wrought  in  the  fir  ft 
ages  of  the  church ;  we  can  have  no  knowledge  of  them  by  our  own  fenfeSj 
or  immediate  obfervation,  but  muft  take  them  upon  the  credit  of  hiftorical 
experience,  which  is  afibrded  us  by  the  duly  tranfinitted  teftimony  of  thofe, 
who  were  themfelve^  eye-witnefles  of  the  things  they  relate.  And  fince  we 
fcruple  not  to  believe  fuch  ftrange  prodigies,  as  celeftial  comets,  vanifhing 
and  re-appearing  ftars,  iflands  founded  by  fubterraneal  fires  in  the  fea, 
the  darknefs  of  the  fun  for  many  months  together,  earthquakes  reaching 
above  a  thoufand  miles  in  length,  andjthehke  amazing  irregularities  of 
nature,  upon  the  credit  of  human  hiflories ;  I  fee  not,  why  that  hiltorical 
experience  (hould  not  more  be  trufted,  which  has  many  peculiar  and  .con- 
current circumftances  to  confirm  it^  and  particularly  the  death  that  moft 
©f  the  firft  promulgators  chearfully  fuflfer'd  to  atteft  the  truth  of  it ;  and . 
the  fuccefs  and  fpreadingof  thedo£lrine  authorized  by  thofe  miracles,  and 
received  chiefly  upon  their  account.  To  which  things,  fome  perhaps  would 
add,  that  'tis  lefs  incredible,  that  the^  author  of  nature  ihould,  for  jnoft 
\!i<eighty  purpofes^  make  ftupendous  alterations  of  the  courfe  of  nature  ; 
than  that  nature  herfelf,  for  no  fuch  end,  ftoidd,  by  fuch  prodigies,  as  were 
li^tely  mentioned,  throw  herfelf,  as  it  were,  out  of  her  own  courfe. 

Miracles  being  fo  neceflary  to  the-  eftablifliment  of  revealed  religion  in 
general,  it  may  belook'dupon  as  a  farther  difpofition  in  our  virtuofo  to 
receive  the  chriftian  religion,  that  the  philofophy  he  cultivates,  much  con- 
duces to  enable  him  to  judge  aright  of  thofe  ftrange  things,  jthat  are  by 

many  propofed  as  miracles,  and  bnelieved  to  be  fo. 

For 


*y  * 
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'-^— ■  I,    Tor,  firft,  t!ie  knowledge  lie  has  of  the  vaiioiis,  and  wonderful  opfra- 

_Tions  of  fonie  natural  things;  cfpecially  when  they  are  skilfully  improv'd, 

"and  dextroully  apply 'd  by  art,    paititularly,  in  mathematics,  mechanics, 

^•fld  chyniiftry,  will  qualify  him  lo  diftinguifli  between  things  that  are 

fflfly  ftrange  and  furprizinp,  and  thofe  that  are  truly  miraculous :  fo  that 
■ha  will  not  miftake  the  cflcfts  of  natural  magic  for  thofe  of  a  divine  power. 

And,  by  this  means,  he  will  be  able  to  difcovei'  the  fubtile  cheats,  and 
'jodlufioiis  of  inipoftors  ;  whereby  not  only  the  multitude  of  all  religions, 
■cfpecially  the  heathen,  but  even  learned  men  of  mod  others,  for  want  of 

an  infight  into  real  philofophy,  have  formerly  been,  or  art  at  this  day, 
■^uded,  and  drawn  into  idolatrous,  iuperftitious,  or  otherwile  erroneous  ' 
-tenets,  or  pra£lice5. 

COn  the  other  fide,  the  knowledge  our  virtuofo  may  have  of  what  cannot 
■be  jufUy  expefted,  or  pretended,  from  the  mechanical  powers  of  matter, 
AviU  enable  him  to  difccm,  chat  many  things  are  not  producible  by  them, 
without  the  intervention  of  an  intelligent  fuperior  power;  on  which  ac- 
■  count,  he  will  frankly  acknowledge,  and  heartily  believe  federal  eftefts  to 
be  truly  miraculous,  thafmay  be  plaufibly  enough  afcribed  to  other  caufes 
■in  the  vulgar  philofophy ;  where  men  are  taught  to  attribute  ftiipendons  and 
unaccountable  effefts  to  iympathy,  antipathy,  Fuga  vaaii,  fubftantial  forms, 
and,  cfpecially,  to  a  certain  Being,  prefumcd  to  be  almoft  infinitely 
potent  and  wife,  which  they  call  nature:  for  this  is  reprefented  as  a 
kind  of  goddefs,  whofe  power  may  be  little  lefs  than  boundlels :  thus,  ■ 
I  remember,  (?<^/^m  himfelf  compares  it  to  that  of  God;  and  faith,  that  he  ", 
-could  not  do  fuch  a  thing,  becaufe  nature  could  not ;  and  cenfures  Mo/es  for 
■   D^peafctog  as  if  he  were  of  another  mind. 

4  kaow  it  may  be  ob}e£led,  that  thofe  who  are  fb  well  acqUahlted  with 
the  niyfteries  of  nature,  and  her  various,  and  fbange  ways  of  working, 
as  -our  virtuofo  is  ilippofed  to  be,  may,  by  that  Jcnowledge,  be  ftrongly 
tempted  to  think,  that  toofe  "furprizing  things,  other  men  call  miracles, 
arebufcffcdts  (if  her  powir;  the  extent  of  whichis  not  eafily  difcern'd  by 
ordinary  men,  nor  fafely  defined  by  philofophers  themfelves.  To  this  I 
ihail-only  here  reply,  that  to  "make  it  rtafonable  to  judge  a  particular  per- 
formance fupematural,  it  is  not  at  all  ncceflary  that  it  furpafs  the  wnole 
power  of  nature,  that  is,  of  phyfical  agents;  provided  it  furpafs  the 
power  of  that  caufe,  or  that  complex  of  caufes,  from  which  the  effeft  mifift 
inreaibn,  if  it  be  purely  natural,  or  phyfical,  be  fuppofed  to  have  pro- 
ceeded. 'For  inftance,  that  a "fiiherman  or  two  -ftiould  Ipeak  other  langua- 
ges than  their  own,  docs  not  at  all  exceed  the  p<jwer  of  nature,  if  they 
<mplqy*d  a  competent  time  in  learning  them :  but,  that  a  great  number  m 
■'JiOKrmen,  and  .other  illiterate  perfon£,^ihould,  all.  on  a  fudden,  become 
Iinguift§,  and,  in  an  hour's  time,  be  aUe  to  ^>e^  intelhgibly  to  a  great 
number  and  -variety  of  nations,  in  their  refpe&tve  languages,  as  the  new 
teftament  relates,  that  the  apoftles,  and  their  companions  did  on  the  day 
>«f  pentecofl  j  .this  gift  of  tongues,  I  iay,  was  an  ability,  which,  in  tho^ 
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tarcumftances  of  place,  time,  and  perfbns,  wherein  'twas  exerciied,  may  Phtsics. 
juftly  be  <:oncludea  to  have  been  fupematural,  or  miraculous.  O 

1  o  proceed,  'tis  a  notorious  matter  of  faft,  that,  in  lefs  than  half  an  ^., 
age,  the  chriftian  religion  was  fpread  over  a  great  part  of  the  then  known 
world ;  fo  that,  in  a  rew  years  after  it  began  to  be  preachM,  the  apoftle 
of  the  Gentiles  could  tell  the  Romans,  with  joy,  "  that  their  faith  was  fpoken 
**  of  throughout  the  whole  world."    And,  in  the  fecond  century,  Tertullian, 
and  other  famous  writers,  fliew,  that  the  gofpel  had  already  numerous 
profelytes  in  a  great  number  of  different  kingdoms,  and  provinces.    This 
wonderful  quick  progrefs  of  the  chriftian  religion,  being  afcertain'd  to  our 
virtuolb,  from  a  thing  whereby  he  is  fo  much  fwayM,  as  experience ;  it 
greatly  dilpofes  him  to  believe  the  truth  of  fo  prevalent  a  rehgion.    For, 
if  he  conficiers  the  perfons  who  firft  promulgated  it ;  they  were  but  half  a 
ibore  of  illiterate  fiihermen,  a  few  tent-makers,  and  other  tradefmen.     If 
he  confiders  the  means  employed  to  propagate  this  doArine,  he  finds,  that 
t-hey  had  neither  arms,  nor  external  power,  to  compel  men  to  receive  it  ; 
nor  riches,  honours,  or  preferments,  to  bribe  or  allure  them  to  it ;  nor 
were  they  men  of  philofc^hical  fubtiltv,  to  intrap,  or  entangle  the  minds 
of  their  auditors.    Nor  did  they  make  ufe  of  the  pompous  ornaments  of 
rhetoric,  and  gloffes  of  oratory,  to  inveigle,  or  entice  men ;  but  treated 
of  the  moft  fublime  and  abffanile  matters,  in  a  moft  plain  and  unaffed^ed 
fiyle ;  as  became  lovers  and  teichers  c^  truth.    If  he  confiders  the  nature 
ot  the  dodbrine,  that,  in  ttfitzlt  time,  obtained  £o  many  profelytes,  he  will 
find,  that,  inftead  of  being  fuited  to  the  natural  apprehenfionsi  or  the  re* 
ceiv'd  opinions  of  men ;  and,  inftead  dF  gratifying  theu:  <x>rrttpt  affeAions, 
or  complying  with  fo  much  as  their  mc&  innocent  interefts ;  it  prefcribed 
fttch  mortifications,  and  fuch  great  flri£bie&  of  life,  and  high  d^ees  of 
virtue,  as  no  legiflator  had  ever  darM  to  impofe  upon  his  fubjects,  nor 
any  phHofopher  on  his  di&iples.    And  this  docbrine  was  propoied  in  &ch 
a  way,  ana  was  accompany  d  with  predi£Hons  of  fuch  harcUhios  and  per- 
fecutions,  that  fliould,  in  thofe  times,  be  the  portion  of  its  uncere  pro- 
fefibrs ;  as  if  the  law-^ver  had  defign'd  rather  to  frieht  men  from  his 
do^ne,  than  allure  them  to  it :  fince  they  could  not  believe  what  he  faid^ 
and  foretold,  to  be  true,  without  believing,  that  they  fhould  be  made 
great  fufferers  by  that  belief.    If  our  virtuofo  eonfiders  the  oppofition 
made  to  the  prwrefs  of  the  gofpel,  he  vsrill  flnd  caufe  to  wonder,  that  it 
could  ever  be  ilurmounted.    For  the  heathens,  which  made  by  far  the 
greateft  part  of  the  world,  were  deeply  engaged  in  polytheifm,  idolatry, 
magical  rites,  and  fuperftitions,  and  almoft  all  kmd  of  crimes ;  and  fome 
of  thefe  were  (hamelefs  debaucheries,  which  oftentimes  made  a  part  of 
their  worftiip.    And  the  Jews^  by  the  corrupt  leaven  of  the  pharifees, 
the   impious  errors  of  the  fadduces,   and  the  general  miftakes  of  tlie 
nation  about  the  perfon,  office,  and  kindgom  of  the  Meffias  ;  and  by  their 
dotage  upon  their  vain  traditions,  and  numerous  fuperftitions,  grounded 
upon  them,  were,  on  thefe  and  other  accounts,  highly  indifpofed,  as  well 
as  the  Rimiansy  the  two  nations  to  be  converted,  «>  be  made  profelytes : 

Vol.  IL  L  1  efpecially 


Physics*  j^pecifUf  yrhfSi  diey  could  not  own  tbemielves  toibe^iid^  Withcnxt  expofing 
V^V^W  tiheir  pierfons  to  bij^  hated  and  defpifed  i  their  poiOkiEoiis  to  be  confifcated ; 
dieir  oodies  to  be  imprifba'd  and  tormented ;  andtoitentimes,  their  lives  to 
be>  in  an  ignominious  and  cruel  manner,  defboyM.  And,  whiift  the  fe^ 
cular  mag%rates  made,  them  fufier  all  tbcfe  ,  hardfliips, .  the  venerated . 
prieftSy  the  facile  phjlofophers,  and. the  eloquent  lDrat0r8y>^^  the- 

world,  that  t|iey  ddfery'd  y^t  more  thaft:  they  endured  j  and  employM-att' 
their  learning  and  wit.  to  make  the  religion  odious :«nd  ridiculous^  as  well  as 
the  embracers  oiF  it  miferable :  accufing  the  martyrs,  and  other  chriftitins, 
ofnolefs  than  atheifm,  mceJQ:,  and  tne  inhunaan  fliedding  and. drinking^ 
the  innocent  blood  of  iodGwit;;  Thefe-,  and  tfaetlilfie -matters  of  fa£ky '  wfaenr 
our  virtuoib reftedbouj  ai^  confide];^  by.  what  unpromtfing  mean&fuch; 
ieeminely  infurmounfable  difficultiea  were  eonquer^fl  ;\  he  oannoo,  bjr; 
this  hiflorieal  experien^,  tx^  inclined  to  think^  that  dSsStt^  fb  difpropor* 
tionate  to  the  vifible  means^  could  be  brought  to  pafs».  without  the  p^u-- 

'  liar  afliftance,  and  extraordinary  bleffing  of  God^  by  whom  thofe  fucceiT- 
f^  preachers  arerr'd  themiUves  to  he  cqmmiflfooed..   For,  that  the  fii«* 
p^tnatuxal  help  which  the  ehiiftian  doffarafcltppears  to  have  had,  was  di* 
vine»  notLcliabdical,  will  &e'm  evident  to  our  .virtnofi!),  from  dsMS  nature 
tenden^,  and  eflfefbcf  thedo£b:ineitfelf;  which  ezprefly  teacbeth,  thar 
there  is  but  one  Cod;  that  he  alone  is  to  be  W€»ihipped,  and  not  idol^ 
xK)r  any  of  the  heathen^^ demons,  or  duties.;  that^the-  devib  are  wicked^ 
Apofiate,  malidooi^  axidmi&ittblecreaturiSi  Imtedof.God,.  and  who  ex- 
tremdhr  hajCft.  insukipd  §  and  that  thoie  vibes,  as  wdi  as  litesi  of  woxfliip^s 
eftabllflied  by  them  intlie  wor14  were  abomihaUe  t^  God^  and  would  be, . 
by  degrees,  deftroyM  by  him :  as,^  in  eflfeft,  they  foon  began  to  be  in  mar 
nv  places  of  the  world,  where  the  Worfliippers  of  Chfift  caft  the  devil  out 
ofhistemples,outof  mens  veneration,  and^  oftentimes, out  of  their bodiestoo. 
One  circumftance  there  is  of  the  propagation  of  the  gofpel,  which,  tho' 
it  may  ieem  more  extrinfecal  than  thofe  hitherto  mentioned,  is  yet  too  con* 
fiderable  to  be  here  omitted  ;  Xjmeanj  that  tl^g  quick  fprcading^  and-Xuc- 
\S)    cefs  of  the  chriftian  doflrine  in  the  world,  was  foret.olduboth.  J2jLtbe.£SSr 

.phet$,pfthe  oldteftament,  and  the  author  and  promulgators  of  the  new; 

^ror,  it  being  notorious,  that  many  errprs  and  fuperftitions,  have,  with  too 
much  celerity,  been  fpread  £eu:  and  wide  in  the  world  j  either  by  reputed.^ 
mere  accidents,  that  were  very  favourable  to  them,  or  by  the  induftry 
,  and  artifices  of  men;  it  ought  to  be  no  fmall  fati^dlion  to  equitable 
judges,  that  the  fudden  progrefs,  and  notable  e£fe6ls  of  the  chriftian  reli- 
gion, were  foretold  by  the  ancient  prophets^  and  by  theMeflias  and  his^ 
apoftles.  For,  bydiefe  accomplifh'd  prediAions,  it  may  appear,  that  the 
wonderful  fuccefs  of  the  gofpel  was  not  an  e0e£t  of  chance,  but  was,  long 
before,  determined  by  divine  providence,  to  be  accomplifh'd  in  a  wonderful 
manner,  by  his  peculiar  afliftance. 

But  true  prophecies  of  unlikely  events,  fulfill'd  by  unlikely  means,  are 
fupeniaturafthings ;  and^  asfiich,  may  properly  be  reckoned  among  mi- 
racles*   We  might  ad4j  thAt  thefe  have  a.  peculiar  advantage  above   moft 

other 
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other  miracles,  on  the  account  of  their  duration  :  (ince  the  manifeft  proofs  Physics- 
of  the  prediftions  continue  ftill,andare  as  vifible  as  the  extent  ofthechriftian 
religion  ;  and  fbme  of  them  are  ftill  more  and  more  acccmplifli'd,  by  the 
converfions  made  of  multitudes  of  infidels,  in  feveral  vaft  regions  of  Ame^ 
rica.    So  that  if  we  may  call  fome  tranfient  miracles,  fuch  as  the  turning 
water  into  wine,  at  a  marriage-feaft  in  Galilee  ;  and  the  darkening  of  the 
fun  when  the  moon  was  in  the  full,  at  the  crucifixion  of  Chrift  i  accbmpiifh'd 
prediftions  maybeftyled  permanent  ones ;   and  their  difference  may  ap- 
pear by  the  differing  ftates  of  the  Mofaic  manna  :  for,  tho  both  that  which 
fell  daily  (except  on  the  fabbath)  in  the  wildernefs,  and  that  which  was 
laid  up  in  a  pot  before  the  teftimony,  were  ftipernatural  produftions  ;  yet, 
tho'  a  portion  of  the  former  out-lafted  not  two  or  three  days ;  that  kept  in  the 
pot,  was  prefer\''dfor  jnany  ages,  and  continued  to  be  (as  it  was  foretold  it 
ihculd)  a  vifible  miracle. 

£elides,  the  preachers  of  the  cliriftian  religion,  both  pretended  and 
appealed  to  miracles,  as  proofs  of  the  truth  of  their  doftrine:  and 
it  we.  confider  the  great  clifad vantages  they  lay  under,  and  the  pow- 
erful oppofition  of  all  forts,  that  they  met  with  and  furmounted ;  it  can- 
not reaionably  be  thought,  that  fuch  unlikely  men  fhould  fo  fuccefsfuUy 
preach  fo  uninviting  a  doftrine,  unlefs  it  were  confirmed  by  confpicuous 
miracles.  Or,  at  leaft,  if  fo  unealy  and  perfecuted  a  religion,  was  pro- 
pagated without  miracles,  that  propagation  itfelf  may  juftly  pafs  for  a  mi- 
racle ;  and  be  no  lefs  fit  than  another,  to  confirm  the  religion  fo  admirably 
propagated. 

Thus,  I  think,  I  have  fhewn,  that  a  virtuofo  has  ibme  helps,  which 
^her  men,  generally  ipeaking,  want,  to  make  him  judicioufly  approve 
the  arguments  for  the  truth  of  the  chriftian  religion,  grounded  on  the 
miracles  wrought  in  its  favour,  and  the  wonderful  fuccefs  of  it  in  the 
world.  But,  becauic  a  reveal'd  religion,  how  true  foevex,  can  icarce  be 
-proved  but  by  moral  demonftradons ;  and  becaule  it  is  not,  therefore,  al- 
ways fufficient,  that  the  arguments  be  good  in  their  kind ;  but  there  arc 
fome  qualifications  required  in  the  minds  of  thofe  who  are  to  be  convinced 
by  them  ;  I  fhall  now  add,  that  experimental  philofophy  alfo  diipofes  the 
mind  of  its  cultivator  to  receive  due  impreffions  from  fuch  proofs,  as  mi- 
racles, as  well  as  other  topics,  afford  the  chrifljan  religion. 

Another  thing,  then,  that  qualifies  an  experimental  philoibpher,  for  the 
reception  of  revealed  religion,  is,  the  habit  of^ndeavouring  to  give  clear  ex- 
planations of  the  phenomena  of  nature,  and  to  difcover  the  weaknefs  of 
thofe  folutions  which  fuperficial  witsufually  make  and  acquiefce  in,  infen- 
fibly  works  in  him  a  ^;reat  aixi  ingenuous  modefty  of  mind.  And,  on 
account  of  this  intellectual,  as  well  as  moral  virtue,  he  will  riot  only  be 
veiy  inclinable,  both  to  defire  and  admit  further  information,  about  things 
which  he  perceives  to  be  dark,  or  abftrufe ;  but  he  will  be  very  unapt  to 
take,  for  the  adequate  ftandard  of  truth,  a  thing  fo  imperfeftly  informed, 
and  narrowly  limited,  as  his  mere,  or  abftrafted  reafon.  And  tho'  a  vul- 
gar philofopber^  who  allows  himfclf  to  refer  the  obicureft  things  in  na- 
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FrtucM  tote,  to  fobftantial  rorms^  reid  qualities,  fympachy,  antipathy,  &c.  which 
^  need  not,  and,  perhaps,  cannot  be  dearly  undorftood ;  ana  thence  prefumes 
that  he  undcraands  every  thmg ;  and  that  thole  things  muft  be  falie^  or 
impoffible,  which  agree  not  with  his  philoibphy  ;  yet  a  fbber  and  exncri- 
encM  naturalift,  who  knows  what  difficulties  remain  unfurmounted,  in 
the  coiMJkptibn  and  explanations  (V.ti  of  things  coiporeal,  will  not,  by 
a  lazy,  or  arrogant  pr^umptiois,  tfaatt  his  knowledge  about  tluws  fuper- 
natural,  is  already  fufficient,  be  induced  to  rejeft,  or  to  negledf  any  in- 
fcrmacion  that  may  increafe  it. 

And  this  frame  of  mind  is  a  very  happy  one  (or  a  ftudent  in  revealed 
religion;  where  caudoufneis  is  not  more  neceflaiy  fer  the  avoidmg  of  er- 
rcrs^  than  dodliiy  is  advantageous,  m  leamix^of  truth  t  fince  the  know-* 
lai^amljR)odnefi.ofthedivineteac^  to  improve 

Ms  mtelleot,  needs  but  bring  a  mind  fitted  to  receive  the  ^uine  infer* 
mationi^  that  are  moft  liberally  oflfinrM,  and  will  never  deceive  him^  who 
employs  a  dxsst  care  not  to  miftake  the  meaning  of  them. 

A  well-cultivated  converfktion  with  the  works  of  God,  brings  a  man 
-to  difoover,  from  time  totime,  lb  many  tlungs  to  be  frafible,  or  true, 
which,  v^lft  he  argued  but  upon  the  fliallow  nounds  of  uninlbrm'd  rea- 
fi>n,  be  Judged  £Ui^  w  unpra^cable ;  that,  by  decrees,  he  acquires  a 
habit  ofrecetviog  fi>me  fixrts  of  opmions,  andeipeaaHy  tHoleduit  fiem 
iin&yourable  to  rdigion^  with  a  difpofition  to  reform  or  diicard  dvnnk 
iipoaiBrdier  ktfbrniatiofi.  And  dus,  as  he  is  xdblv'd  to  fubmit  to,  in  cafe 
he  fneeoi  widi  it,  ib  he  is  difposM  to  receive  i^  by  having  ofren  feundhinw 
fdf  oUi^ed,  upon  ftbiecptent  inibrmation,  to  mend,  or  lay  afide  his  for-* 
mer  opinions ;  ttio'  very  agreeable  to  the  beft  light  he  had  to  judge  by,  when 
he  entertained  them.  Thus,  tho'  it  feems  a  YidtAt  truth,  that  the  diic  of 
Vitmsj  is,  in  all  refpe£b  to  the  fun,  totally  luminous ;  yet,  when  the  tele- 
fcope  difcovers  her  to  have  her  fuU  and  her  wane,  like  the  moon,  he  will 
believe  this  further  obfervation,  againft  the  fi^rftj  made  with  fails  naked 
eyes. 

And,  indeed,  I  have  Ibmetimes  doubted,  whether  to  be  versM  in  ma- 
thematics, and  other  demonftrative  parts  of  philbfbphy,  brings  a  greater 
advantage  to  the  mind,  by  accuftoming  and  affifting  it,  ftriftly  to  examine 
things  propofed  for  truths,  and  ftrongly  to  evince  the  truths  a  man  knows, 
to  odiers ;  than  by  fitting  htm  to  difcem  the  ferce  of  a  good  argument,  and 
fubmit  willingly  to  truths  clearly  proved  i  how  little  foever  he  may  have 
expected  to  fmd  fuch  conclufions  true.  'Twill  not  be  difficult  to  apply 
thefe  rcfleftions  to  our  prefent  purpofe ;  fince  there  are  feveral pafTagcs  m 
the  fcripture  that  fufficiently  declare,  both  that  multitudes  perftft  in  a  cri- 
minal infidelity,  out  of  a  fond  conceit  of  their  own  knowledge,  and  a  readinefs 
to  be  fway'd  rather  by  ftrong  prejudices,  than  by  the  ftrongeft  arguments 
that  would  remove  them  ;  and,  that  docility  is  a  very  happy  diipofition  to 
the  entertainment  of  revealM  religion.  And  this  qualification  will  be  the 
more  eafily  found  in  our  rirtuofo;  becaufe^  tho'  the  things,  about  which  he 
has  long  been  fenfible  oJL  his  ignorance^  or  defires  further  inftruftion,  are 

within 
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within  the  fphere  of  nature,  and  the  jurifdiftion  of  philofbphy  ;   many   Phtsics. 
of  the  things  which  revealed  religion  declares,  are  fo  fublime  and  ab-  %^V\. 
ftrufe,  that  they  mpy  well  be  look'd  upon  as  of  an  higher  order  than 
merely  phyficalone^;  and,  therefore,  cannot  be  fatisfaftorily  reach'd  by  the 
mere  light  of  nature.  *Tis  true,  our  philofopher  will  examine  more  ftnftly, 
than    ordinary   m^,    the   proofs  brought  for   this,    or  that  propoCid 
re^vxlation  ;  but  that  is  no  difadvantage  to  a  fupernatixral  religion,  fuch. 
a^.the  chriftian,  if  it  be  true:    and  the  real  tnath  about  religion  itfelf, 
does  not  require  credulity,  but  only  docility.     If  a  piece  of  coin,  that 
pa(&s  for  true  gold,  b^  ofier'd  to  an  ordinary  man,  and  to  a  skilful  refiner, 
the  latter,  will,  indeed,  examine  it  more  ftridlly^ '  and  not  acquiefce  in 
the  ilamp,  the  colour,  the  found,  and  other  obvious  marks,  that  may 
fatrsfy  a  (hop-keeper,  or  a  merchant  i  yet,  when  he  has  tryM  it  by  the 
fe\^rer  ways  of  examining,  fuch  as  the  touch-ftone,   the  cupel.  Aqua 
fortiSy  &c.   and  finds  it  to  hold  good  in  thoie  proofs,    he  will  readily 
and  frankly  acknowledge,  that  'tis  true  gold,  and  be  more  thoroughly 
convinced  of  it,  than  the  other  perfon ;  whofe  want  of  skill  will  make 
him  ftill  apt  to  retain  a-diftruft,  and  render  him;  indeed^  more  eafy  to- 
be  perfuaded,  but  more  difficult  to  be  fully  fatisfy*d.   'Thus,  tho*  our 
virtuofb  will  examine,  with   more  ftrid^nefs   and  skill,  than  o^nary 
men  are  able,  miracles,  prophecies,  or  other  proofs,  faid   to  be  fuper- 
natural,  that  are  alledgM  to  evince  a  revealed  religion ;  yet,  if  the  cer-   ' 
tain,  and  genuine  characters  of  truth  appear  in  them,  he  will  be  more 
thoroughly  convinc'd  of  it,  than  a  lefs  skilful  man,  whofe  want  of  good 
criteria,  and  found  judgment,  incUne  him  to  be  diffident^  and  to  be  ftill  . 
afraid  of  having  been  impofed  on. 

I  expcft,  it  will  be  here  objefted,  that  I  degrade  the  human  underftand- 

ing,  by  afcribmg  fo  much  to  experience,  natural  or  fupernatural,.  thiat  it 

has  left  nothing  for  reafon  to  do,  but  fervilely  to  obey. 

A      This  objection,  indeed,  is jplaufible ;  yet  the  anfwer  to  it  will  not  be  very 

I      difficult,  if  the  matter  itfeU  be  duly  confider'd,  and  reafon  be  brought  to 

V     aft,  not  as  an  interetted  party,  but  an  unbyafs'd  judge. 

For  we  have  already  fhewn,  that  rational  philolophers  Icruple  not  to 
alter,  or  renounce,  the  opinions  which  fpecious  reafons  had  fiiggefted  to 
them,  when  once  they  either  find  thofe  opinions  contradifted  by  expe- 
rience, or  meet  with  other  opinions  more  conformable  to  it.  And  Arifiofle 
himfel^,  tho^  he  be  accufed  of  having  wrefled  phyfics  to  logical,  and  me- 
taphyfical  fancies,  confelles,  not  only  that  in  the  fcience  of  nature^  reafon 
ought  to  comport  with  the  phenomena,  and  the  phenomena  with  reafon ; 
but  that  to  adhere  to  pkufible  reafonings,  and  negleft  fenfible  obferva- 
tions,is  a  wtaknefs  or  difeafe  of  the  mind.  And  whether  the  under  ftanding 
be,  as  AriftotU  taught,  like  blank  paper;  and  receives  no  knowledge,  but 
what,  has  been  convey'd  to  it  through  the  fenfcs;  or  whether  the  notions 
arc  congenite  with  the  underflanding,  or  fo  eafily,  and  early,  acquired  by 
it,  as  to  appear  innate;  they  are  but  very  few,  in  comparifon  of  thoie 
that  ore  requifite  to  judge  aright  about  any  one  things  that  occurs  either 

in 
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Physics,  in  natural  philofophy,  or  theology.     For,  in  the  divine  nature,  power, 
""    '  wifdom,  and  other  attributes,  there  is  an  exuberance  that  has  produced 

.numberlefs  contrivances,  laws,  and  other  things,  which  exceedingly  furpafs 

'  both  the  number  and  variety  that  the  dim  andlimited  intelleft  ofman  could 
reach  to,  by  framing,  and  compounding  ideas,  without  the  afliftance  of 

"the  patterns  afforded  by  the  works  and  declarations  of  God. 

On  account  of  the  lame  prerogative  of  the  divine  knowledge,  it  muft 
frequently  happen,  that  the  notions  and  opinions  men  take  up  of  the 

-works  and  mind  of  God,  upon  the  mere  fuggeftions  of  abftrad^  reafon; 
will  not  only  be  almoft  conftahtly  very  deficient,  but  often  very  erroneous. 
Of  this  we  fee  evident  proofs  in  many  opinions  of  the  old  philofophers  ; 
who,  tho*  men  of  ftrong  natural  parts,  were  mif-led,  by  what  they 
miftbok  for  reafon,  to  maintain  fuch  things  about  the  works,  and  the 
author  of  nature,  as  we,  who,  by  the  favour  of  experience  and  revela- 
tion, ftand  in  a  much  clearer  light,  know  to  be  falfe,  and  often  juftly  think 
utterly  extravagant. 

Abftrafl  reafon  is  a  narrow  thing,  and  reaches  but  to  a  very  fmall  fharc 
of  the'knowable  truths,  whether  human  or  divine ;  which  may  be  obtained 
by  the  "help  of  further  experience,  and  fupernatural  revelation.  This 
reafon,  fumifli'd  with  no  other  notices  than  it  can  fupply  itfclf  with,  is 
fo  IhaHow  and  deceitful,  that  he  who  feeks  for  knowledge  only  within 
himfel^  (hall  be  fure  to  be  quite  ignorant  of  far  the  greateft  part  of 
tWngs ;  and  will  fcarce  efcape  being  miftaken  about  a  large  part  of  thofe 
he  thinks  he  knows. 

.1  am  far  from  intending  to  deny  reafon  any  of  its  juft  prerogatives ; 
experience  itfelf  is  but  an  affiftant  to  reafon,  and  fupplies  informations  to 
the  underftanding ;  which  ftill  remains  the  judge,  ana  has  the  power,  or 
right,  to  examine,  and  make  ufe  of  the  teftimonies  that  are  prefentedto 
it.  The  outward  fenfes  are  but  the  inftruments  of  the  foul,  which  hears 
by  the  intervention  of  the  ear,  and  in  refpeft  of  which,  the  eye  itfelf  is 
but  a  more  immediate  optical  tube  ;  and  the  fenfe  does  but  perceive  ob- 
jefts,  not  judge  of  them.  Nor  do  the  more  wary  among  the  philofophers 
truft  their  eye,  to  teach  them  the  nature  of  the  vifible  objedl  \  but  only  em- 
ploy it  to  perceive  the  phenomena  it  exhibits,  and  the  changes  that  happen 
to  itfelf  by  the  aftion  of  it.  'Tis  confefs'd  too,  that  the  fcafcs  may  de- 
ceive us,  if  the  requifites  of  fenfation  be  wanting;  as,  when  a  fquarc 
tower  appears  round  at  a  diftance,  and  a  ftrait  ftick,  half  in  the  water, 
appears. crooked:  Vis,  therefore,  the  part  of  reafon,  not  fenfe,  to  judge 
whether  none  of  the  requifites  of  fenfation  be  wanting;  which,  by  the 
way,  often  requires,  not  only  reafon,  but  philofophy :  and  then,  alfo,  'tis 
the  part  of  reafon  to  judge  what  conclufions  may,  and  what  cannot,  be 
fafcly  grounded  on  the  informations  of  the  fenfes,  and  the  teftimony  of 
experience.  So  that,  when  we  fay,  experience  correfts  reafon,  'tis  an  im- 
proper way  of  fpeaking  ;  fince  'tis  realon  itfelf,  that,  upon  the  information 
of  experience,  corrcfts  the  judgment  it  had  made  before. 

To 
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To  illuftrate  the  ufe  of  reafon,  let  us  fuppofe  an  able  judge  coming  to  Phtsics* 
heox,  and  decide  caufes,  ia  a-iiransc  .country-:  'tis  plain,  that  the  general  v./'W-/ 
notions  he  brings  with  him,  and  the  didlates  cf  juftice  and  equity,  can  give 
him  but  a  very  fliorc  and  imperfeft  knowledj^e  of  many  things,  that  are 
Tcqulfice  to  frame  a  right  judgment  abciit  the  cafes  which  will  firft  be 
brought  before  him  ;  and,  till  he  has  heard  the  witnelfes,  he  may  be  very 
apt  to  fail  into  prejudiced  opinions  of  things :  but,  when  an  authentic 
and  fiifficient  teftimony  has  clear'd  matters  to  him,  he  then  pronounces, 
■  accordiiiii  to  the  light  o£  reafon  he  is  matter  of;  to  which  the  witnefles  did 
but  give  information  i  tho*  that  fubfj^uent  information  may  have  obliged 
him  to  lay  afide  fome  prejudices  he  had  cntertair.'d  before  he  leceiv  u  it. 
And,  what  is  faid  of  natural  experience,  with  regard  to  the  underftandiiifj,' 
may,  vvicli  due  alteration,  be  apply 'd  to  fupernatural  revelation  :  for  here, 
alfo,  the  underftanding  is  to  examine,  whether  the  teftimony  be  indeed  di- 
vine ;  and  whether  a  divine  teftimony  ought  to  be  beiiev'd,  in  what  it 
dearly  teaches.  I  do  not,  therefore,  degrade  reafon  from  tlw  dignity  that 
belonfsto  it,  of  perceiving,  and  Edging;  tho' it  be  obliged;,  by  its  own 
dictates,  to  take  in  all  the  a(Iiftanc&it"can  from  experience,  whether  na- 
tural, or  fupernatural;  and  by  the  fuller  accounts  of  things  it  receives 
from  thofe  informations,  to  reftify,..  if  need  be,  its  former  lels  mature 
judgment. 

In  Jhort,  thofe  who  cry  up  abftraft  reafon,  as  if  it  were  felf-fufficient, 
exalt  it  in  words ;  but  we  who  addrefs  reafon  to  phyfical  and  theotosical . 
experience,  and  ^reft  it  how  to,  confult  both,  and  take  its  informations 
fi-om  thenccj  exalt  it  in  effeft ;  and  reafon  is  much  lefs  ufefijUy  ferv'd  by 
the  former  fon  of  men,  than  by  the  latter;  fmce,  whilft  thofe  dQ  but.. 
fla.ttei  itj  tbefe.cate  Uk  right  way  to  improve  it^. 
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5ii  Veneration 

.Man's  Intellect  owes  to 

G      O      D. 


9r  m  lis  with  indignation  and  wonder^  that  I  hear  many  men,  and 
I       ibme  of  them  divines  too^  who,  4ittle  confidering  what  God  is, 

JL  and  what  themfelves  are,  talk  of  him  and  his  attributes^  a^'freely, 
und  as  unpremeditately,  as  they  would  of  a  geometrical  figure,  or  'a  me* 
chanical  engine.  And,  ev^nthe  lefs  prefumptuous  frequently  difcourfe, 
as  if  the  nature  and  perfeftions  of  that  unparallel'd  Bemg,  were  objefts 
their  intellcfts  coula  grafp ;  and  fcruple  not  to  dogmatize  about  thofe 
abftrufe  fubjefts,  as  freely  as  about  other  things,  that  are  confefledly 
within  the  reach  of  human  reafon. 

Yet  God  may  have  feveral  attributes,  and  j>erTeftions,  utterly  unknown 
to  us  ;  and  of  thofe  attributes  whereof  we-tetve-fome  knowledge,  there  arc 
cffefts  and  properties,  whofe  fublimity,  or  abftnifenefs,  furpaffing  our  com- 
prehenfion,  makes  the  divine  caufe,  or  author  of  them,  deierve  our  higheft 
wonder  and  veneration. 

As  there  are  two  chief  ways  to  arrive  at  the  knowledge  of  God*s  attri- 
butes ;  the  contemplation  of  his  works,  and  the  ftudy  of  his  word;  it 
may  be  doubted  whether  either,  or  both  of  thefe,  will  fuffice  to  acquaint 
us  with  all  his  perfeftions. 

For  tho'  philofophers  have  rationally  deduced  the  power,  wifdom,  and 
goodnefs  6i  God,  from  thofe  marks  of  them  which  he  hath  ftampt  upon 
many  of  his  vifible  works ;  yet,  fince  the  divine  attributes  which  the  crea- 
tures point  at,  are  thofe  whereof  themfelves  have  fome  participation,  or 
jrefemblancej  ^nd,  fince  the  fertility  of  the  divine  nature  is  fuch,  that  its 

ex- 
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excellencies  may  be  participated,  or  reprefented  many  ways ;  how  can  we  Physics. 
be  fure,  but  fo  perfeft,  and  exuberant  a  Being,  has  excellencies  not  ex-  V/VX^^ 
prcfTed  in  the  vifible  world,  or  any  of  its  known  parts  ? 

Some  of  thofe  divine  attributes  we  know,  being  relative  to  the  crea-^o^'  m»y  Uo* 
tures,  could  fcarce  be  difcover'd  by  fuch  imperfeft  intellefts  as  ours,  but^*^J'J,r/iS!'^' 
from  confidering  fome  things  aftually  done  by  God.    Thus,  fuppofing,  »'»k'w»#  <•  mu 
before  the  foundations  of  the  vifible  world  were  laid,  the  angels  had  no 
more  knowledge  than  men  ;  they  could  fcarce  imagine  in  God  a  power  of 
creating  matter,  and  of  producing  local  motion  in  it :  much  lefs  could  they 
have  known  how  the  rational  jfoul,  and  human  body  aft  upon  one  another. 
Whence  it  feems  probable,  that  if  God  hath  made  other  lyftems  than  that 
wherein  we  live  (and  who  can  afliure  us,  he  hath  not  ?)  he  may  have 
difplayed  in  fome  of  the  creatures  that  compofe  them,  feveral  attributes 
that  we  have  not  difcover'd  by  the  help  of  thofe  works  of  his  wherewith 
we  are  acquainted. 

I  readily  grant,  that  the  revelations  God  hath  vouchfafed  us,  have 
clearly  taught  us  feveral  things  concerning  their  adorable  author,  which 
the  mere  light  of  nature  either  would  not  have  (hewn,  or  but  very  dimly 
difcover'd.  Yet  the  fcripture  itfelf  itiforms  us,  that  in  this  life  "  we  know 
but  in  part,  and  fee  things  but  darkly ;"  and  that  we  are  fo  far  from  being 
able  "  to  find  out  God  to  perfeftion/'  that  even  the  ways  of  his  provi- 
dence are  to  us  unfearchable.  Hence  God  may  have  attributes  unknown 
to  us. 

But  it  may  be  alledged,  that,  befides  the  two  ways  mentioned  of  attaining 
the  knowledge  of  Goa  s  attributes ;  there  may  be  a  third  preferable  to  both 
the  others,  by  confidering  the  idea  of  a  Being  fupremely,  or  infinitely  per- 
£^ ;  in  which  idea,  all  poffible  perfeftions  may  be  faid  to  be  contained ;  fo 
that  no  new  one  can  be  added  to  it.  And,  indeed,  I  readily  grant,  that  this 
idea  is  the  moft  genuine  I  am  able  to  frame  of  the  Deity ;  yet  there  may  be 
feveral  attributes,  which,  tho'  in  a  general  way  contain^  in  this  idea,  are 
not,  in  particular,  difcovered  to  us  thereby*  *Tis  true,  that  when,  by 
whatever  means,  any  divine  perfeftion  comes  to  our  knowledge,  we  may 
well  conclude,  'tis,  in  a  fenfe,  comprized  in  the  comprehenfive  notion  we 
have  of  a  Being  abfolutely  perfeft  \  tho',  'tis  poffible,  tliat  perfeftion  would 
never  have  come  to  our  knowledge  b^  the  bare  contentolation  of  that  ge- 
neral idea,  but  was  fuggefted  by  paniculars ;  whence  inyli  difcoveries  ara 
not  fb  much  derived  from,  as  reter'd  to  the  notion  we  tre  fpeaking  of. 

Thefe  confiderations  perfuade  me,  that  God  may  have,  not  only  various 
attributes,  but  various  excellencies  and  perfeftions,  unknown  to  us.  And, 
farther,  many  of  the  attributes  we  know  he  hath,  we  have^t  an  imper- 
fcft  knowledge  of,  efpecially  if  compared  with  his ;  for  he  mEdSts  them  in 
a  manner  peculiar  to  himfelf,  and  far  tranfcendfog  diat  wheitin  men  poiTefs 
feme  faint  refemblances  of  them. 

The  power  and  wifdom  of  God  are  difplay^i  both  in  his  corporeal,  and 
Jiis  incorporeal  creatures. 
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Among  the  manifold  eflfe£ts  of  the  divine  power,  I  (hall  mention  otAf 
two ;  which,  tho*  often  very  manifeft,  are  not  very  attentively  refle&ed 
on ;  the  immenfe  quantity  of  corporeal  fubftance  that  the  divine  power 
provided  £3r  the  framing  of  the  univerfe ;  and  the  great  force  of  the  local 
motion  imparted  to  it;,  and  regulated  in  it. 

The  vannefs  of  that  huge  mafs  of  matter,  whereof  the  corporeal  world 
confifts,  cannot  but  appear  ftupendous  to  thofe  who  skilfullv  confider  it. 
That  part  of  the  univerfe,  which  has  been  already  difcover'a  by  human 
eyes,  affifted  with  dioptrical  glaflfes,  is  almofl  inconceivably  vaft.  The 
fix'd  flars  of  the  firfl  magnitude,  that  to  vu^r  eyes  look  but  like  fhining 
fpangles,  are  by  affaronomers  affirmM  to  exceed,  each  of  them,  above  a 
hundred  times  the  whole  dobe  of  the  earth  in  magnitude :  and  as  little  as 
thefe  ftars  feem  to  our  naked  eyes,  they  appear  much  lefs  thro^  our  tele--, 
fcopes;  which  taking  otf  the  falfe  glittering  that  makes  them  look  as  tlvsy 
are  painted,  fliew  them  little  other  than  ph3^cal  points  of  light,  And 
the  fun,  winch  is  granted  to  be  ibme  millions  of  miles  nearer  to  us  than  the 
other  fix'd  fUrs ;  tho^  it  feem  at  this  lefs  diflance  not  to  be  half  a  foot 
broad ;  is  by  the  generality  of  mathematicians  allowed  to  be  eight  or  ten 
thoufand  times  as  big  as  the  terraqueous  globe.  And  it  plainly  appears  by 
the  parallaxes  and  other  proofs,  that  the  globe  of  earth  and  water  we  in- 
habit, tho'  it  be  divided  into  fb  many  great  empires,  and  kingdoms,  and 
ieas ;  and  tho^  according  to  the  receivedopinion,  it  be  $  400  Gemum  leagues 
in  circumference,  and  confequently  its  folid  content  10,882,080,000  cubic 
miles ;  yet  tins  globe  is  fb  hr  firom  bein^,  for  its  bulk,  a  okifiderable  part 
of  the  univerfe,  that  ^tis  in  comparifbn  thereof  but  a  phyfical  point.  Nay, 
thofe  far  jgreater  globes,  the  fun  and  fix'd  ftars,  and  all  the  folid  ma(&s  of 
the  worlcC  if  reduced  into  one,  would,  perhaps,  bear  a  lefs  proportion  to 
the  fluid  part  of  the  univerfe,  than  a  nut  to  the  ocean.  And  as  an  excellent 
modern  aftrcnomer  obferves,  all  the  flars,  crowded  into  one  body,  would, 
at  a  fit  diftance,  appear  no  bigger  than  a  ftar  of  the  firft  magnitude.  After 
all,  I  have  hitherto  fpoke  but  of  that  part  of  the  corporeal  univerfe  already 
feen  by  us  :  I  muft  therefore  add,  that  as  vaft  as  this  is,  yet  all  that  the 
eye,  even  when  powerfully  affifted  by  telefcopes,  hath  difcovered,  is  far 
from  reprefenting  the  world  of  fo  great  an  extent,  as  more  perfeft  elafles 
will  do  hereafter.  And  even  then  the  vifible  part  of  the  world  will  be  far 
from  reaching  to  the  bounds  of  the  univerfe  *. 

From 


♦  "  The  fyftcm  of  the  world  is  now" 
fays  Dr.  Halley  **  underftood  to  occu- 
*'  py  the  whole  abyfs  of  fpace,  and  con* 
**  fequcntly  to  be  a&ually  infinite  ;  and 
•*  fmaller  fix'd  ftars  being  ftill  difcovcr- 
"  able,  as  more  perfeS  telefcopes  are 
**  employ 'd,  feems  to  confirm  this  doc- 
••  trine.  Were  the*whole  fyftem  finite, 
^  it  would,  tho'  ever  fo  extended,  ftiU 


<<  occupy  no^   part  of    the   Infinitum  of 

<<  fpace,  which  neceffarily  and  evident- 

^*  ly  exifts ;    whence  the  whole   would 

"  be  furrounded  with  an  infinite  Inane  ; 

^*  and  the  fuperficial    ftars  would  gravi- 

*'  tate   towards  thofe  near  the  centre, 

**  and  with  an  accelerated  motion  run 

**  intothemi  and  in  procefs  of  time  a- 

*^  nite  into  onet    But  if  the  whole  be 

"  infi. 
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From  the  vaft  extent  of  the  univerfe,  I  proceed  to  confider  the  ftupen-  Physics. 
dous  quantity  of  motion,  that  the  divine  power  has  given  the  parts  of  it,  L^VV-/ 
and  continually  maintains  in  it.    Of  this  we  may  make  an  eftimate,  by  ^JJ2>'§^Si- 
confidering  with  what  velocity  fbme  of  the  greater  bodies  are  moved ,  and*«»^n»«»rtfln». 
how  large  a  part  of  the  remaining  bodies  of  the  univerfe,  is  alfo  enc/ow'dJj^'j^v^^JJSJT 
with  motion. 

The  leaft  velocity  I  (hall  mention,  is  that  afforded  by  the  Copernican  hy- 
pothefis  i  according  to  which,  the  earth  revolves  from  weft  to  eaft,  about 
Its  own  axis,  in  four  and  twenty  hours ;  yet  this  terraoueous  globe,  which 
we  think  fo  great,  that  we  commonly  call  it  the  world,  moves  at  fuch  a 
rate,  that,  as  the  learned  Gajfendus  computes,  a  point  (ituated  in  the  equa- 
tor of  it,  moves  about  twelve  hundred  feet  in  a  fecond  minute :  fo  that  a 
bullet  (hot  out  of  a  canon,  fcarce  flies  fo  fwift. 

But  this  velocity  is  fcarce  comparable  to  that  of  the  fix'd  ftars ;  if  we 
fuppofe  them  to  move,  in  four  and  twenty  hours,  about  the  earth.  For  fup- 
ponng  the  diftance  affign'd  by  Tycho  between  us  and  the  firmament  to  be 
leven  thoufand  diameters  of  the  earth  ,•  a  fix'd  ftar  in  the  equatof  ,  moves, 
as  MuUerius  calculates,  3,153,333  miles  in  an  hour,  and  confequently  j  2,5  5;  5 
in  a  minute,  and  87  j  in  a  fecond ;  that  is,  three  thoufand  times  fafter  than 
a  canon-bullet  fliot  into  the  air.  *Tis  true,  that  according  to  the  Ptole- 
maic hypothefis,  a  fix'd  ftar  in  the  equator  moves,  at  moft,  but  three  femi- 
diameters  of  the  earth  in  a  fecond ;  but,  according  to  Rkciolus^  this  velocity 
is  fifty  times  greater  than  in  the  Ptokmatc  hypothefis  \  and  threefcore  and 
ten  times  greater  than  in  the  Tychonian.  For,  according  to  him,  fuch  a  fix*d 
ftar  as  we  fpeakof,  moves  619^11%  EngUfh  miles  in  a  fecond. 

But  farther,  that  portion  of  the  univerfe,  which,  tho*  put  into  motion,  is  com- 
monly fuppofed  to  be  at  reft,  is  fo  great,  that,  perhaps,  the  quantity  of  motion 
diftributea  among  feemingly  quiefcent  bodies,  may  exceed  the  quantity  of  mo- 
tion which  the  firft  mover  has  communicated  to  the  fix'd  ftars;  tho'  we  fup- 
pofe them  whirl'd  about  the  earth  with  that  ftupendous  fwiftnefs,  the 


**  infinite,  all  the  parts  of  it  would  be 
"  nearly  In  dquiUbrlo  ;  whence  each  fix'd 
'*  fiar,  being  attraf^ed  by  contrary  powers, 
*'  would  keep  its  place,  or  move  till  from 
*'  fuch  an  equilibrium  it  comes  to  reft. 
**  'Tis  no  more  abfurd,  that  the  fix*d  ftars 
**  (hould  exceed  any  given  nuhiber,  than 
I'  that  duration  ihould  be  eternal,  becaufe 
**  no  number  of  days  or  years  can  com- 
**  plete  it.  'Tis  faid,  I  know,  that  if  the 
••  number  of  the  fix'd  ftars  were  more 
*'  than  finite,  the  whole  furface  of  their 
**  apparent  ibhere  would  be  luminous. 
*^  But  if  wc  Uippofe  all  the  fix'd  ftars  to 
**  be  as  far  from  one  another,  as  the  near- 
**  eft  of  them  is  from  the  fun;  that  is,  if 
^*  we  may  fuppofe  the  fun  to  be  one  of 
y  them ;  at  a  greater  diftance,  their  disks 


*'  and  light  will  be  diminifliM,  and  the 
<<  fpace  to  contain  them  increafed,  in  the 
^'  proportion  of  the  (quares :  fothat  in  each 
^*  ipherical  furface  the  number  of  ftars  it 
^  might  contain,  will  be  as  the  bic^uadrate 
**  of  their  diftances.  If  then,  as  it  needs 
**  rauft,  the  diftances  be  immenfely  great, 
^^  it  will  follow,  that  as  the  light  of  the 
*'  fix'd  ftars  diminifhes,  the  intervals  be- 
**  tween  them  decreafe  in  a  lef$  propor* 
*<  tion;  the  one  being  as  the  diftances, 
"  the  other  as  the  iquares  thereof,  reci- 
*<  procally.  And  the  more  remote  ftars 
<*  arefofmall,  that  they  muft  vani{h,evcn 
^<  in  the  moft  exquifite  telefcopes  ;  as  % 
**  fmall  telefcopic  ftar  is  invifible  to  the 
•«  naked  eye."    Pbihf.Tranf.  N^  J64.  p-za. 
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Phtsics.  fyftems  of  Ptolemy  and  Tycbo  fuppofe.  For  the  fix'd  ftars,  planets,  or  all 
the  mundane  globes,  whether  ludd  or  opake,  together  bear  but  a  finall 
proportion  to  the  interftellar  part  of  the  univerfe.  And  tho'  I  fliould  al- 
low  all  thefe  globes  to  be  folid,  yet  it  muft  be  confefsM,  that  each  of  them 
fwims  in  a  fluid  of  much  greater  extent  than  itfelf.  So  that  the  fluid  por-» 
tion  of  the  univerfe  will,  in  bulk,  almoft  incomparably  exceed  the  fblid  And 
if  we  conHder  the  nature  of  a  fluid  body,  we  fhall  find  it  confift  in  having 
its  minute  parts  perpetually  and  varioufly  moved;  to  that  tho'the  whole 
body  of  a  liquor  feems  to  be  at  reft,  yet  its  component  parts  are  in  a  perpe- 
tual motion  ;  continually  ihifting  places  amongft  themlelves. 

^  And  becaufe  the  Quantity  of  motion  fhared  by  the  corpufcles  that  com-* 
pofe  fluids,  is  not  uuially  refledled  on  by  philofophers ;  I  fhall  add,  that 
we  may  guefs  how  great  and  vehement  a  motion  there  may  be  in  the  parts 
of  fluid  bodies,  perhaps,  when  the  a^regates  of  thofe  particles  appear  to 
be  at  reft,  by  obfervmg  them  when  their  ordinary  motions  happen  to  be 
difturb'd,  or  to  be  extraordinarily  excited  by  fit  conjun^:ures  or  circum- 
ftances.  Thus  we  fee  the  ftrange  force  and  e£fe£ts  of  boifterous  winds  and 
whirl-winds,  which  are  but  ftreams  and  whirl-pools  of  the  invifible  air» 
whofe  fingly  infenfible  parts  are  by  accidental  caules  determined  to  have  their 
motion  made  either  in  a  flriiit  line,  or,  as  it  were,  about  a  common  centre. 
Thus  when  a  mine  of  gtm-powder  is  fprung^  the  flame,  or  fome  fubdle 
ethereal  fubftance,  that  is  always  at  hand  in  the  air,  tho^  both  are  fluids, 
and  the  powder  perhaps  be  kindled  but  by  one  fyark  of  fire,  inftantly 
exerts  a  moft  rapid  and  furious  motion. 

The  velocity  of  thefe  difcharged  flames  may  appear  from  that  which 
gun-powder  imprefles  on  a  bullet,  (hot  out  of  a  well-charg'd  gun ;  and  this 
MerJennuSj  after  feveral  trials  made  to  meafure  it,  defines  to  be  about  450 
feet  in  a  fecond.  If,  then,  we  admit  the  probable  opinion  of  the  Carte/tans, 
that  the  earth  and  planets  are  tumM  about  their  own  axes  by  themotion  of 
the  refpedtive  ethereal  vortices  in  which  they  fwim ;  we  fliall  eafily  grant, 
that  the  motion  of  the  celeftial  matter,  which  moves,  for  inftance,  upon  the 
remote  confines  of  the  earth*s  vortex,  is  by  a  vaft  excefs  more  rapid  than 
that  of  the  furface  of  the  earth.  But  if  we  chufe  the  Tychonic  hypothefis, 
which  makes  the  firmament,  with  all  the  vaft  globes  of  light  that  adorn  it, 
to  move  about  their  common  centre  in  four  and  twenty  hours,  the  motions 
of  the  celeftial  niatter  muft  be  allowed  a  far  greater,  and  indeed  a  fcarce 
imaginable  rapidity. 

Hence  we  may  have  more  enlargM  conceptions  of  the  power  and  wifdom 
of  the  gieat  Creator,  who  has  both  put  fo  wonderful  a  quantity  of  motion  into 
the  univerfal  matter,  maintains  it  therem,  and  is  able,  not  only  to  fet  bounds 
to  the  raging  fea,  but  fo  to  curb  and  moderate  thofe  ftupendoufly  rapid  mo- 
tions of  the  mundane  globes  and  intercurrent  fluids,  that  neither  the  un- 
wieldinefs  of  their  bulk,  nor  the  celerity  of  their  motions,  have  made  them 
fly  out,  for  many  ages.  And  if  the  firmament  itfelf,  whofe  motion,  in 
the  vulgar  hypothefis,  is  by  much  the  moft  rapid  in  the  world,  fail  of  ex- 
actly completing  its  revolution  m  four  and  twenty  hours ;  that  retardation  is 

fo 
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£0  regulated,  that  fince  Hippnrchu^s  time,  who  lived  above  2000  years  ago,  Physici 
the  firft  ftar  in  Aries^  which  was  then  near  the  beginning  of  it,  is  not  yet  ^^•VN 
come  to  the  laft  degree  of  that  fign. 

The  wifdom  of  God  is  exprefsM  in  two  different  manners.     Sometimes  i*«  «Wo«  < 
it  is  fo  manifeftly  difplaj^^  in  femiliar  objefts,  that  even  fuperficial  %e^a-^5ji^^ 
tors  may  take  notice  of  it.    But  there  are  many  other  things,  wherein  the 
**  treafures  of  wifdom  and  knowledge''  may  be  faid  to  lie  deep. 

The  contrivance  of  every  animal,  and  efpecially  of  a  human  body,  is  fo  ^«  **•  «•*'««' 
curious  and  exquifite,  that  'tis  almoft  impoflible  for  anv  one,  who  has  not mdrndMUs 
feen  a  diffe^lion  well  made,  and  anatomically  condder  d,  to  conceive  how 
much  excellent  workmanfliip  is  diiplay'd  in  that  admirable  engine.  Nay, 
the  meaneft  living  creatures  of  God  s  making,  are  far  more  wifely  con- 
trived, than  the  moft  excellent  pieces  of  workmanfliip  that  human  heads 
and  hands  can  boaft.  No  watch  or  clock  is  any  way  comparable,  for  ex-' 
quifitenefs  of  mechanifm,  to  the  body  of  an  afs  or  a  irog. 

But  God's  wifdom  is  recommended,  as  well  by  the  variety,  and  confe- 
quently  the  number  of  the  kinds  of  living  creatures,  as  by  the  £stbric  of  each 
of  them  in  particular.  The  skill  of  human  artifts  is,  for  the  moft  part» 
limited  to  one,  or  to  a  few  forts  of  contrivances ;  whilft  the  great  author 
of  nature  has  not  only  created  four  principal  forts  of  living  engines,  beafts, 
birds,  fiflies,  and  reptiles ;  which  differ  exceedingly  from  one  another,  as 
the  feveral  regions,  or  ftages,  where  they  were  to  a«  their  parts,  required 
they  fliould  ^  but  under  each  of  thefe  comprehenfive  genus's  are  com- 
priz'd  many  fubordinate  fpecies  of  animals,  which  di£fer  exceedingly  from 
others  of  the  fame  kind,  according  to  the  exigency  of  their  particular  na- 
tures ;  as  the  hog  and  the  hare,  the  parrot  and  the  batt,  the  whale  and  1 
the  ftar-fi(h,  &c. 

And  what  greatly  enhances  the  excellent  contrivances  to  be  met  with 
in  thefe  automata,  is  the  fymmetry  of  all  the  various  parts  whereof  each 
of  them  confifts.    For  tho'  an  animal,  confider'd  in  his  ftate  of  intirenefs,  . 
is  juftly  looked  upon  as  one  engine  ^  yet,  really,  this  whole  machine  is  a 
complex  thing,  made  up  of  feveral  parts,  which,  confider'd  feparately,. 
may  pafs,  each  of  them,  for  a  fubordinate  engine,  excellently  fitted  for  fbme 
particular  ufe.     It  ought,  therefore,  highly  to  recommend  the  wifdom  of 
the  great "  former  of  all  things,*'  that  he  has  fo  framed  each  particular  part 
of  animals,  as  not  to  let  the  skill  beftow'd  on  that,  render  the  other  lefsper- 
feft :  which  manifefts,  that  this  great  arrift  had  the  whole  fabric  under  his 
eye  at  once;  and  did,  atone  view,  behold  all  that  was  beft  to  be  done,  in 
order  to  compleat  the  whole  animal,  and  all  its  parts,  at  once :  whilft  many 
excellent  artificers,  who  can  make  a  fingle  engine  very  compleat,  may  not  be 
able  to  make  it  a  commodious  part  of  an  aggregate  of  engines.    Thus,  the' 
feveral  can  make  pendulum-clocks  go  very  regulariy  on  more,  they  cannot 
yet  fit  them  to  meafure  time,  exaftly,  in  a  fliip,  at  fea. 

But  how  much  more  wonderful  than  the  ftrudture  of  the  grown  body^ 
muft  be  the  coqtrivance  of  the  Seinen  otthnmum ;  fince  all  the  niture  parts^ 
thefun^ons^  and  many  actions  (^  the  animal  to  be  product  muft  be. 

durably 
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SiTSics.  durably  delineated,  and  couch'd  in  a  little  pordon  of  matter,  thatieems 
^^  '  hotnogeneous,  and  is,  unqueftionably,  fluid  ?  And  what  much  increafes  the 
wonder,  is,  that  one  of  thefe  latent  impre£Bons,  or  powers,  namely,  the 
prolific,  is  to  lie  dormant,  perhaps,  above  thirty  or  forty  years,  and  then 
4^*  -to  be  able  to  produce  many  more  fuch  engines,  as  is  the  animal  itfelf, 
*  Mrfii^  Another  way  whereby  Udd  manifiefts  his  wiiHom  in  his  corporeal  crea- 
SJj^^'tures,  is  their  mutual  ufefiilnefs  to  one  another,  in  a  relation  either  of  de- 
tiirtir.  pendence,  or  co-ordination.  This  ierviceablenefs  may  be  confider'd,  ei- 
ther as  tlie  parts  of  the  animal  have  relation  to  one  another,  and  to  the 
whole  body  they  make  up ;  or,  as  intire,  and  diftinft  bodies,  which  have 
a  regard  to,  or  dependence  on  each  other.  To  the  firft  fort  of  utility  be* 
long  the  offices  of  the  parts  of  the  body,  which  fbme  of  them  exercile  for 
the  good  of  the  whole ;  as^  the  flxmiach  for  concofHng  the  aliment ;  the  brain 
fi>r  ruppl3rins  animal  fpiiits ;  the  kidneys  to  feparate  the  fuperfluous  ferum 
of  the  olood.  There  ar^  alfo,  many  other  particular  parts  that  have  a 
great  fubferviency  to  one  another.  And  feveral  conients  of  parts,  and 
utilities,  that  accrue  &om  one  to  the  other,  are  fiuther  difcovered  by  dif- 
ca&s ;  which,  primarily  a£fe(£Ung  one  part,  or  member  of  the  body,  dif- 
cover  that  another  has  a  dependance  on  it,  or  a  particular  relation  to  it. 
To  the  fecond  kind  of  utility  bebng  thofe  parts  that  diicriminate  the  fexes 
of  animals;  which  have  fuch  a  relation  one  to  another  in  the  nuda,  and  the 
female,  that  'tis  obvious  they  were  made  in  order  to  propagate  tl^  fpedes. 
•  It  were  endleis  to  obferve,  the  wlfdom  and  goodneis  manlfeft  in  the 
works  of  creation  y  the  fituation  of  the  fun,  its  motion  in  the  ecliptic, 
trade-winds,  ftated  rains,  &c.  with  regard  to  the  wel£ire  of  men,  and 
oilier  animals.  Thus,  too,  we  fee,  that,  according  to  the  ufual  courfe  of  na- 
ture, lambs,  kids,  &c.  are  brought  into  the  world  at  the  fpring  of  the  year, 
when  tender  grafs,  and  other  nutritive  plants,  are  provided  tor  their  food. 
The  likemay  be.obferved  in  the  produftion  of  filk-worms,  whofe  ^gs  are 
Jiatch'd  when- mulberry-trees  begin  to  bud;  whereon  thefe  infefts  are  to 
feed ;  the  aliment  being  tender  whilft  the  worm«  themfelves  are  fo ;  and 

trowing  more  ftrong  and  fubftantial,  as  the  infedls  increafe  in  vigour  and 
ulk. 
w  im  fitmi^     I  have  hitherto  taken  notice  only  of  the  produftions  of  God's  power 
St53Kl'%-and  wifdom  obferved  in  the  vifible  world.    But,  perhaps,  as  the  fun,  the 
iifi  tbi  Jfim.  neareft  fixed  ftar  to  us,  has  a  whole  fy ftem  of  planets  that  move  about  hirti  i 
fo  ibme  of  the  other  fixed  ftars  may  be  centres  of  other  fyftems  of  celeftial 
globes:  fincewe  fee,  that  even  fome  planets,  determined  byaftronomers 
to  be  much  inferior  in  bignefs  to  the  fixed  ftars,  have  other  globes,  that 
do,  AS  it  were,  depend  on  them,  and  move  about  them;  the  earth  has 
the  moon  for  its  attendant ;  Saturn  is  not  unattended ;  and  Jupiter  has 
no  lefe  than  four  fatellites.    But  none  of  thefe  fecondary  planets,  that 
move  about  Saturn  and  Jupiter y  are  vifible  to  the  naked  eye ;  and  were, 
therefore,  unknown  to  the  aftronomers  who  liv'd  before  the  invention 
of  telefcopes.    Now,  in  cafe  there  are  other  mundane  iyftems,   befides 
diis  viiible  one  of  ouxsi  I  think  it  may  be,  prolniblyj  fuppofed,  that 
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God  has  given  peculiar,  and  admirable  inftances  of  his  inexhaufted  wif-  Physics. 
dom  in  the  contrivance  and  government  of  fyftems,  that,  for  ought  we  V^Wi 
know,  may  be  framed  and  managed  in  a  manner  quite  different  from 
what  is  obferved  in  that  part  of  the  univerfe  known  to  us. 

However,  we  need  not  fly  to  imaginary  ultra-mundane  fpaces,  to  be 
convinced,  that  the  effefts  of  the  power  and  wifdom  of  God  are  worthy  of 
their  caufes,  and  not  adequately  underftood  by  us  5  if,  with  fufficient  at- 
tention, we  confider  that  innumerable  multitude,  and  unfpeakable  variety 
of  bodies,  that  make  up  this  vafl:  univerfe.  For  there  being  among  thefe, 
a  ftupendous  number,  that  may  be  juftly  looked  upon  as  fo  many  diftinft 
engines,  and  many  of  them  very  complex ;  to  know  that  all  thefe,  with  the 
reft  of  the  mundane  matter,  are  every  moment  fuftain  d,  guided,  and  go- 
verned, according  to  their  refjpeftive  natures,  and  with  an  exaft  regard 
to  the  general  laws  of  the  univerfe  ,•  to  know  that  there  is  a  Being,  who, 
every  where,  manages  all  things,  without  either  aberration,  or  intermiffion ; 
is  a  thing,  that  if  we  attentively  refleft  on,  ought  to  produce  in  us  great 
wonder,  and  adoration. 

The  Epicureans  of  old  did,  with  fome  colour  of  reafon,  urge  againft  * 
the  belief  of  a  divme  providence,  that  *tis  incredible  the  gods  Ihould  be 
iiifficient  for  fuch  differing  and  diftrading  employments,  as,  according  to 
the  exigencies  of  nature,  to  make  the  fun  to  fhine  in  one  place ;  the  rain  to 
fliower  down  in  another;  the  winds  to  blow  in  a  third;  the  lightning  to 
flaih  in  a  fourth ;  the  thunder-bolts  to  fall  in  a  fifth ;  and  other  bodies  to. 
aft  and  fu£fer,  according  to  their  refpeftive  natures.  We,  therefore,  who, 
upon  good  grounds,  believe  God  really  does  what  they  thought  impoflfible, 
are  much  wanting  in  our  duty,  if  we  do  not  admire  an  all-pervading  wif- 
dom, that  reaches  to  the  utmoft  extent  of  the  univerfe ;  and,  with  eafe, 
aftually  performs  what  thefe  philofophers  profej&'d  they  could  not  fo  muck, 
as  conceive. 

We  have  fcen  God'is  wifdom  and  power  in  his  corporeal  works  i  but  ^  ^«j^ « 
fome  of  the  divine  perfeftions  could  not  be  fo  well  exprefs'd,  or  copied,*i,ili^^^ 
upon  corporeal  creatures,  as  upon  the  rational  and  immaterial  foul  of*^,/"«**»» 
man,  and  other  intelledhial  Beings :  as  the  pifhire  of  a  plain  fimple  thine  ^f  it£s^i3 
is  not  capable  of  receiving,  or  containing,  fo  much  of  an  excellent  painter  s«^'- 
skill,  as  he  could  exhibit  in  a  piece  wherein  the  paflions  of  the  mind,  and 
the  laws  of  optics,  &c.  may  be  fully  cxprefs*a.    And  it  may  well  be 
prefumed,  that  if  we  were  as  familiarly  acguainted  with  God  s  incorpo- 
real creatures,  as  with  his  vifible  ones ;  we  mould  perceive,  that  as  fpirits 
are  incomparably  more  noble  than  bodies ;  fb  the  divine  vsrifdom  employM 
in  the  government  and  conduft  of  them,  is  more  glorious  than  that  which* 
we  juftly  admire  in  the  conduft  of  his  corporeal  works.    And,  indeed,^  let 
a  portion  of  matter  be  ever  fo  fine,  and  ever  fo  well  contrived,  it  will 
not  be  more  than  an  engine  deftitute  of  underftanding  and  will ;  and' 
whofe  excellency,  as  well  as  its  diftinftion  from  other  T)odies,  even  the. 
groflfeft,  and  moft  imperfeft,  can  confift  but  in  mechanical  properties  ;^ 
which  neither  excite  themielves  into  modoni  norr^^date  and  ftop  the  mo-* 
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^TSics.  tion  they  once  are  in :  whereas,  true  fpirits,  or  immaterial  fubflaoces^ 
^  ^    '  have,  by  God's  appointment,  belon^ng  to  their  nature^  underftanding^ 
will,  and  an  internal  principle,  both  of  ailing,  and  of  arbitrarily  ceafii^ 
&om  a£lion.    And  tho  God,  as  the  fok  creator  of  all  fubftances,  has,  and 

well  imma- 
accorcUng  to 
and  powerful 
Beings,  as  good  and  bad  aneds ;  and  to  govern  them  on  fuch  cerms^  as 
efe^ually  to  make  them  inftruments  of  his  glory,  which  multitudes  of 
them  fubdly  and  obftinatdy  oppofe ;  requires  a  wiidom  and  providence 
tranlcending  any  that  can  be  difplay'd  in  the  £Drmation  and  management 
of  merely  corporeal  Beings.  For  manimate  engines  may  be  contrived, 
to  a£t  as  we  pieafe;  whilft  angels,  and  human  fouls,  are  endow'd  with  a 
freedom  of  adding,  in  moft  cafes,  as  they  pieafe  themfelves.  Tis  £ur 
ealier  for  a  watch-maker  to  rebate  the  motions  of  a  watch,  than  the  af- 
fe£tions  and  a£Uon$  of  Ins  fon. 

Angels,  whether  good  or  bad,  are  very  intellig^t  and  a^ve  Beings ; 
.and  each  of  them  is  endowM  with  an  inteUed  capable  of  numberlefs  no- 
tions, and  d^rees,  or  variadons  of  knowledge ;  with  a  will  capable  of 
]io  lefs  numerous  ti&si  of  haviiig  various  influences  upon  the  under* 
fianding,  and  of  bmg  varioufly  afltecled  by  the  (tidlates  of  it.    So  that  each 
particular  angel,  being  fucceffively  capable  of  fo  many  di£fering  moral  ftates, 
!may  be  looked  upon,  as,  in  a  manner,  a  diftinA  fpedes  of  uie  intelle^al 
luxuL    And,  the  government  of  one  dannon,  mav  be  as  difficult  a  work, 
and,  confequently,  may  as  much  declare  the  wifoqpi  and  power  of  God, 
as  the  ^vemment  of  a  whole  fpecies  of  inanimate  bodies,  whofe  nature 
determmes  them  to  a  ihiA  conformity  to  thofe  primordial  laws  of  motion, 
once  fettled  by  the  great  creator  ;  and,  from  which,  they  have  no  wills  of 
their  own  to  make  them  fwerve. 

The  fcripture  tells  us,  that,  in  the  oeconomy  of  man*s  falvation,  there  is 
fo  much  of  the  "  manifold  wifdom  of  God''  exprefs'd,  that  the  angels  them- 
felves defire  to  pry  into  the  myfleries  of  it.  When  our  faviour,  having  told 
his  apofUes,  that  the  day  and  hour  of  his  future  coming  was  not  then 
known  to  any,  fubjoins,  no  not  to  the  angels  of  heaven,  he  fufficiently 
intimates  them  to  be  endowed  with  excellent  knowledge,  fimerior  to  that 
of  men :  which,  perhaps,  may  be  one  of  the  reafons  why  the  fcripture  flyles 
them  "  angels  ot  light/'  It  alfo  teaches  us,  that  the  good  angels  are  vafUy 
numerous  ;  and  that,  as  they  are  of  diflfering  orders,  God  affigns  them 
very  diftering,  and  important  employments,  both  in  heaven,  and  on  earth ; 
and,  fometimes,  fuch  as  oblige  them,  in  difcharge  of  their  refpeftive  trufts, 
to  endeavour  the  carrying  on  of  interfering  defigns.  The  fame  fcripture, 
by  fpeaking  of  the  devil,  and  his  angels,  and  of  the  "  great  dragon,  that 
drew  down  with  his  tail  the  third  part  of  the  flars  from  heaven  to  earth;" 
and,  by  mentioning  a  whole  legion  of  devils  that  pofleflfed  a  fingle  man, 
&c.  ^wcs  us  ground  to  conclude,  that  there  is  a  pohtical  government  in 
the  kingdom  of  darknefs  j  that  the  monarch  of  it  is  exceemng  powerful, 
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whence  he  is  ftyled  the  prince  of  this  world  j  and  ibme  of  his  officers  have  Physics. 
the  titles  of  principalities,  powers,  rulers  of  the  darfciefs  of  this  world,  &c. 
that  the  fubjefts  of  it  are  exceeding  numerous ;  that  they  are  delperate 
enemies  to  God  and  men  j  that  they  are  very  falfe  and  crafty ;  and  that 
their  malice  is  adHvc,  reftlefs,  and  great.    Thefe  things  being  taught  us 
in  the  fcripture  itfelf,  we  may  rationally  fuppofe,  that  if  we  were  quick- 
fighted  enough  to  difcem  the  methods  of  the  divine  wifdom  in  the  govern- 
ment of  the  angelical,  and  of  the  diabolical  worlds ;  we  ihould  be  ravifliM 
into  admiration  how  fuch  intelligent,  free,  powerful,  and  immortal  agents, 
ihould,  without  violence  offer *d  to  their  natures,  be  made,  in  various  man- 
ners, to  confpire  to  fulfil  the  laws,  or,  at  leaft,  accomplifh  the  ends  of  that 
great  theocracy,  which  not  only  reaches  to  all  kinds  of  bodies,  but  com- 
prizes the  whole  creation,  or  the  great  aggregate  of  all  the  creatures  of 
God.    And,  indeed,  to  make  the  voluntary,  and,  perhaps,  the  mofl  crafty 
adions  of  evil  men,  and  of  evil  fpirits,  fubfervient  to  his  wife,  and  juft 
ends,  no  lefs  recommends  the  wifdom  of  God,  than  it  would  the  skill  of 
a  pilot,  to  contrive  and  fleer  a  (hip,  fo  as  to  fail  to  the  defigned  port,  not  only 
with  a  fide-wind,  but  with  one  that  was  quite  contrary,  and  tempefhious. 
At  that  great  decretory  day,  when  the  whole  off-fpring  of  Adam  (hall, 
by  the  loud  voice  and  trumpet  of  the  arch-angel,  be  call'd  together,  from 
the  remoteft  ages  and  mofl  diftant  climates  in  the  world ;  when  the  fal'n 
angels,  and  allthe  human  aftors  that  ever  lived,  (hall  appear  upon  the  flage 
at  once  ,•  "  when  the  dead  (hall  be  raifed,  and  the  books  ftiall  be  opened  :'* 
then  the  wifdom  of  God  will  fhine  in  its  meridian  luftre,  and  full  fplendor  i 
and  not  only  the  occurrences  which  relate  to  the  lives  and  a£Hons  of  par- 
ticular perfons,  or  of  private  families,  and  otfier  lefs  focieties  of  men,  will 
be  there  found  not  to  have  been  overlooked  by  the  divine  providence ;  but 
the  fates  of  kingdoms  and  commonwealths,  and  the  revolutions  of  nations 
and  of  empires,  will  appear  to  have  been  orderM  and  over-ruled  by  an  in- 
comparable wifdom.     And  thofe  great  politicians,  who  thought  to  out-wit 
providence,  by  their  refined  fubtilties,  Inall  find  themfelves     taken  in  their 
own  craftinefs  /*  (hall  have  their  deepefl  "  counfels  turn'd  into  fooliflmefs  ;*' 
and  not  be  able  to  keep  the  amazed  world  from  dilcovering,  that  whilft 
they  thought  they  mofl  craftily  purfu'd  their  own  ends,  they  really  accom- 
pliflfi'd  thofe  of  6od.    And  the  fubtile  hypocrites,  who  thought  to  make 
pretended  religion  the  inftrument  of  their  fecular  defigns,  fliall  find  thofe 
defigns  defeated,  and  made  truly  fubfervient  to  that  advancement  of  reli- 
gion, which  they,  in  reality,  never  aim'd  at. 

To  employ,  and  keep  in  order,  a  very  complicated  engine,  tho'  all  the 
parts  of  it  be  inanimate,  and  defKtute  of  purpofes  and  ends  of  their  own, 
is  juflly  counted  a  piece  of  skill.  And  this  task  is  more  difficult,  and, 
confequently,  recommends  the  conduft  of  the  artift,  in  proportion  to  the 
intricacy  of  the  ftrufture,  and  the  number  of  pieces  whereof  the  engine 
confifts.  How  aftonifhing,  then,  will  appear  that  wifdom  and  providence, 
which  is  able  to  guide,  and  over-rule  many  thoufand  millions  of  engines^ 
endow'd  with  wiUs^  fo  as  to  make  them  all  be  founds  in  the  final  ifl&e  of 
Vol.  II.  Nn  things^ 
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things^  fnbfervienc  to  purpofes  worthy  of  divine  providence^  holineTs, 
juftice,  goodnefs? 

y      In  fbortf  when  all  the  a Aors  fliall  appear  at  once  upon  the  ftage ;  when 

all  difguizes  fliall  be  ftript  cflf,  all  intrigues  difcoverec^  all  hearts  and  de- 

figns  laid  dpen;  then  to  find,  that  this  whole  amazing  opera^  that  has 

been  a^ng  upon  the  face  o£  tb^  earthy  from  the  beginning  to  the  emi  of 

time,  has  been  £>  contrived,  and  carried  on,  by  the  e^t  author  of  the 

world,  and  of  men,  that  their  innumerably  various  aoions^  and  crofsi-de«- 

(igns,  are  brought  to  confpire  to  the  accomplifliment  of  a  plot  worthy  of 

Cfod  j  will  apoear  an  effeA  of  fo  vaft,  and  fo  ail^pervadjng  a  wifdom,  that 

human  intellects  will  with  admiration  confefs,  nothing  but  a  divine  omni- 

fcience  could  cpmpafs. 

ArMf  hjtfwm     In  the  redemptKHi  o£  mankind,  more  of  the  divine  attributes,  than  are 

*^^^^^^  commonly  taken  notice  of,  have  their  diftinAi  agencies ;  and  their  co-ope- 

pMtp.  ration  is  fo  admirably  dirked  by  the  divine  wiuiom,  that  an  apoftle  might 

very  juftly  call  it  the  "  great  myftery  of  godline{s/' 

But  many  divines  have  largely  treated  of  this  fubjeft;  tho'  I  doubt 
whether  moB:  of  them  have  not  been  nx^ie  happy  in  avoiding  errors  about 
it,  than  fuccefsfnl  in  unveiling  the  myfleries  couch'd  in  it.  There  are^  in 
the  great  work  of  man's  redemption,  fome  chara^etsrand  footfleps  of^the 
itivine  wifdom  fo  confpicuous  and  refulgent,  that  a  believer,  of  mean 
parts,  may  eafily  diicem  them.  But  there  are  alfo,  in  this  fubfime  and 
comprehenfive  work,  fbme  ^'  depths  of  God,**  and  fo  much  of  ^^  the  wifdom 
«  of  God  in  a  my^ry,^  that  I  cannot  think  it  eafy  to  have  a  mental  e^,  fi> 

enlighten^,  and  fo  piercing,  as  to  treat  largely  and  worttuly  of  fo  vaft 
and  abftrufe  a  fubjeft.  And,  indeed,  a  man  muft  know  much  of  the  natiire 
of  fpirits  in  general,  and  even  of  the  father  of  them,  God  himfelf ;  of  the 
intelleft,  will,  &c.  of  the  foul  of  man  ;  of  the  flate  of  Adam  in  paradife, 
and  of  the  influence  of  his  fall  upon  his  pofteritv ;  of  the  natural,  or  arbi- 
trary vindiAive  juflice  of  God ;  of  the  grounds,  and  ends  of  God's  in- 
flifting  punilhments ;  of  the  admirable,  and  unparalleled  perfon  of  Chrift  ; 
of  thole  qualifications,  and  offices,  that  are  required  to  fit  him  for  being  a 
redeemer ;  of  the  nature  of  covenants,  and  the  conditions  of  thofe  which  Cjod 
vouchfafed  to  make  with  man ;  of  the  divine  decrees,  with  regard  to  man'is 
final  ftate  ;  of  the  fecret,  and  powerful  operations  of  grace  upon  the  mind, 
and  the  manner  by  which  the  Spirit  of  God  works  upon  the  fouls  of  men, 
which  he  converts,  and  brings,  by  fanftification  to  glory;  in  fhort,  there 
are  fo  many  points,  moft  of  them  of  difficult  fpeculation,  that  are  fit  to 
be  difcufs'd  by  him,  who  would  folidly,  and  fully  treat  of  the  world's  re- 
demption by  Chrifl  ,•  that,  when  I  refleft  on  them,  I  am  ready  to  exclaim 
with  St. -P^«/,  *^  who  is  fufficient  for  thefe  things?*'  And,  I  am  fo  far 
from  wondering,  that  the  generality  of  divines,  and  other  writers  on  this 
fubjeft,  have  not  fully  difplay *d  the  wifdom  which  God  has  exprefs'd  in  this 
great  work,  that  to  have  been  able  to  accomplifh  it  in  fo  admirable  a  way, 
as  God  has  actually  contrived,  and  made  choice  of ;  is  one  of  the  chief 
reafons  of  my  admiration  of  the  wifdom  itfelf.    And,  I  am  perfuaded> 

that 
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that  for  God  to  reconcile  his  inflexible  jufHce,  his  exuberant  mercy,  and   Physics. 
ail  thofe  other  attributes  that  feemM  to  clafli,  inevitably,  about  the  defign'd  L/S'X^ 
falvation  of  men,  and  make  them  co-operate  to  it ;  is  a  flupendous  mani- 
feftation  of  wifdom :  there  being  no  propofition  in  Diophamus^  or  ApoUonius, 
in  algebra,  or  in  geometry,  near  fo  difficult  to  be  fblv^d,  or  that  requires 
a  greater  number  of  proportions  and  congruities,  to  be  at  once  attended 
to,  and  made  fubJfervient  to  the  fame  ends ;  as  that  great  problem,  pro- 
pounded by  God's  infinite  goodnefs,  to  his  divine  wifdom ;  the  redemption 
of  loft  and  perverfe  mankind,  upon  the  terms  declared  in  the  gofpel :  which 
are  admiraoly  fitted  to  promote,  at  once,  God's  glory,  and  man's  felicity. 

We  have  here,  and  that  very  imperfeftlv,  onlyfpoketo  two  of  GoA^stbeimmfnfeiif' 
attributes,  his  wifdom,  and  his  power :  tho  there  are  many  others  where- j^'^^^j^^'^'J 
with  we  are  acquainted;  and,  perhaps,  ftill  more  whereof  we  are  igno- *« crc#^w. 
rant.    Now,  the  natural  and  genuine  refult  of  all  thefe  divine  perfeftions, 
muft  be  a  moft  glorious  majefty,  that  requires  the  moft  lowly  and  proftrate 
veneration  of  all  his  intelligent  works.    And,  accordingly,  the  angels,  of 
all  his  mere  creatures  the  moft  excellent  and  knowing,  are  pcprefented  in 
the  fcripture,  as  afliduoufly  employing  themfelves  in  obeying  and  ferving, 
in  praifing  and  adoring  the  divine  majefty,  with  the  utmoft  lowlinefs  and 
fubmiflion. 

This  profound  refpeft  of  the  angels,  is  not  to  be  wonder 'd  at  ,•  fince, 
where  efteem  fprings  not  from  ignorance,  but  knowledge ;  the  greater 
the  ability  and  opportunities  are  of  having  the  knowledge  clear  and 
heighten'd,  the  greater  veneration  muft  be  produced  in  an  intelligent 
Being  for  the  objeft  admired  i  whofe  perfeftions  are  here  fuch  as  evea 
an  angelical  inteUeft  cannot  fully  reach  :  for,  as  a  line,  by  being  ever 
fo  much  extended  in  length,  cannot  grow  a  furface ;  fo  neither  can  cre-^ 
atcd  perfections  be,  by  any  ideas,  magnify 'd  into  divine  ones.  And,  in- 
deed, ipeaking  in  general,  the  creatures  are  but  (hadowy,  and  arbitrary 
pictures  of  the  great  creator ;  of  many  of  whofe  perfeftions,  tho'  they  have 
fome  marks ;  yet  thev  are  fuch,  as  rather  give  the  intelleft  rife  and  occa- 
fion  to  take  notice  o^  and  contemplate  the  divine  originals,  than  afford  it 
true  images  of  them.  The  awful  reverence  paid  to  the  fupreme  Being  by 
thofe  excellent  fpirits,  who  "  are  greater  in  power  and  might  than  we," 
ought  to  admonifh  us  of  the  ecftatic  refpedt  we  owe  lum ;  and  teach  us, 
that  whenever  we  ipeak  either  to  God,  or  of  him,  we  ought  to  be  in- 
wardly affcfted  with  the  unmeafurable  diftance  there  is  between  a  moft 
perfeft  and  onmipoteht  creator,  and  a  mere  impotent  creature. 

The  diftance  betwixt  the  infinite  creator  and  the  creatures,  which  are  tbtfu^erimiji 
but  the  limited  and  arbitrary  produftions  of  his  power  and  will,  is  fo  vaft,  jSj^S^^ 
that  all  the  divine  attributes,  or  perfcftions,  by  unmeafurable  intervals  t*<rt  i»f  »••. 
tranfcend  thofe  faint  refemblances  of  them,  that  he  has  been  pleafed  to 
imprefs,  either  upon  other  creatures,  or  upon  men.    God's  nature  is  fo 
peculiar  and  excellent,  that  there  are  qualities,  which,  tho'  high  virtues  in 
men,  cannot  belong  to  God,  or  be  afcribed  to  him  without  derogation.  Nay, 
there  are  fome  virtues  that  belong  to  man  himfbif  only  in  hx$  mortal  ftate. 
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Physics.  But,  whatever  excellencies  there  be»  that  are  fimply  and  abiblutdy  fuch, 
^^"^^^  '  and  tc^  may,  without  difparagement  to  his  matchleils  nature,  be  afcribed  to 
God,  we  may  be  fure  that  he  pcHflG^es  them ;  fince  he  is  the  original  au- 
thor of  all  the  d»|;rees,  or  rdemblances,  we  men  have  of  aw  of  them. 
The  plalmift's  reakming  is  good.  "  He  that  planted  the  ear,  fliall  he  not 
"  hear?  He  that  formed  the  eye,  fliaU  not  he  fee?  He  that  teacheth 
"  man  knowledge,  ihall  not  he  know  ?^  Since  all  the  perfeftions  TOmnauai- 
cated  toj  or  to  be  JFound  in  the  creatures,  bein^  emanations  of  the  divine 
excellencies,  belong  as  much  to  God,  as,  in  a  bright  da]r,  all  the  luminous 
rays  found  in  the  air,  belong  to  the  fun.  The  vaft  diflerence,  then,  be- 
tween the  perfedtions  of  the  great  creator,  and  thofe  that  are  analogous  to 
them  m  the  creatures,  reaches  to  all  the  perfe£Hons  to  be  found  in  both : 
but  the  human  undeHbndinjg,  as  it  values  itfelf  upon  nothing  more  than 
wifHoDi  and  knowledge ;  fo  there  is  nothing  that  it  efteems;  and  re- 
verences, more  in  other  Beings,  and  is  lefs  wilUng  to  acknowlec^  itfelf  fur- 
pfds'd  in,  than  thefe.  Now,  %s  ceruin,  that  God  knows  innumerable  thin0» 
widi  wtuch'we  are  altogether  unacquaimed :  he  cannot  but  know  all  the 
creatures  he  has  made,  whether  vifible  or  invifible,  corporeal  or  immate- 
rial; and  what  he  has  enabled  them  to  do.  Nay,  fince  he  cannot  but  know 
the  extent  of  his  own  infinite  power,  he  cannot  but  know  nunnberiels 
things,  as  poflible,  that  he  has  not  yet  made,  or,  perhaps,  ever  will  make. 
He,  alfcs  Knows  thofe  tlungs  whereof  we  men  have  feme  knowkd^  in  a 
manner,  or  degree,  peculiar  to  himf^.  As,  what  we  know  but  m  part, 
he  knows  fullv ;  wmit  we  know  but  cUmly,  he  knows  clearly ;  and  what 
we  know  but  by  fiilUble  mediums,  lie  knows  moft  certainly. 

But  the  great  prerogative  of  God's  knowledge,  is,  that  he  perfedUy 
knows  himfelf ;  that  km>wledge  bein^  not  only  too  wonderful  lor  man, 
but  beyond  the  reach  of  an  angelical  mtelleft :  fince,  fully  to  comprehend 
the  innnite  nature  of  God,  no  lefs  than  an  infinite  underftanding  is  requi- 
fite.  And  for  the  works  of  God,  even  in  thofe  that  are  purely  corporeal, 
our  knowledge  is  incomparably  inferior  to  his.  For  tho*  lome  modern 
philofophers  have  made  ingenious  attempts  to  explain  the  nature  of  things 
corporeal  f  yet  their  explanations  generally  fuppofe  the  prefent  fabric  of 
the  world,  and  the  laws  of  motion  fettled  in  it.  But  God  knows,  parti- 
cularly, both  why,  and  how  the  univerfal  matter  was  firft  contrived  into 
this  admirable  univerfe,  rather  than  a  world  of  any  other  of  the  number- 
lefs  conftruftions  he  could  have  given  it ;  and  both  why  thofe  laws  of  mo- 
tion, rather  than  others,  were  efbibliflied ;  and  how  fenfelefs  matter,  to 
whofe  nature  motion  does  not  at  all  belong,  comes  to  be  put  into  motion, 
and  qualify 'd  to  transfer  it,  according  to  determinate  rules,  which  itfelf 
cannot  underfbmd.  But  when  we  come  to  confider  the  particular,  and 
more  elaborate  works  of  nature ;  fuch  as  the  feeds,  or  eggs,  of  living 
creatures,  &c.  the  ingenuous  confefs,  and  the  confident  betray  their  i^o- 
rance.  TTis  likely,  that  we  men  know  ourfelves  better  than  what  is  with- 
out us :  yet  how  ignorant  we  are  at  home,  if  the  endlefs  difputes  of  -i4r/- 
ftatk^  and  lus  commentators,  about  the  human  foul,  and  of  phylicians  and 
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anatomifts,  about  the  mechanifm  of  the  human  body,  were  not  fufEcient  to  Physics. 
manifeft,  ^twere  eafy  to  (hew,  by  the  very  conditions  of  the  union  of  the  sXV^^ 
foul  and  body :  which,  being  fettled,  at  firft,  by  God's  arbitrary  inftitutioni 
and  having  nothing  in  all  nature  parallel  to  them  ^  the  manner  and  terms 
of  that  ftrange  union,  is  a  riddle  to  philofophers ;  but  muft  needs  be  clearly 
known  to  him  who  alone  inftituted  it,  and  preferves  it.    There  are  fevcral 
advantages  of  the  divine  knowledge,  above  that  of  man.    For,  we  can 
perceive,  and  fufficiently  attend  but  to  few  things  at  once ;  but  God's 
Knowledge  reaches,  at  once,  to  all  that  he  can  know;  his  penetrating  eyes 
pierce  quite  thorough  the  whole  creation  at  one  glance ;  and  "  there  is  no 
*'  creature  that  is  not  manifeft  in  his  fight."    Be  always  fees  incompa- 
rably more  objefts  at  One  vieXv,  than  the  fun  himfelf,  endued  with  fight^ 
could  do.    For  God  beholds,  at  once,  all  that  every  one  of  his  creatures, 
in  the  vaft  univerfe,  either  does  or  thinks.    The  knowledge  of  God  is, 
alfo,  not  a  progreffive,  or  difcurfive  thing,  like  that  acquir  d  by  our  rea- 
foning  5  but  an  intuitive  knowledge.    Nlen,  by  reaibn  of  the  limitednefs 
and  imperfeftions  of  their  underftandings,  are  obliged  to  make  the  notice 
they  have  of  one  thine,  a  ftep  and  help  to  acquire  that  of  another,  lefs 
known :  but  God,  whofe  knowledge,  as  well  as  his  other  attributes,  is 
infinitely  perfeft,  knows  every  thing  in  itfelf ;  and,  all  things  being  equally 
known  to  him,  he  can,  by  looking  into  himfelf,  there  fee  every  thing  that 
is  knowable,  moft  diftinftly,  yet  all  at  once.    But,  further,  God  knows  the 
moft  fecret  thoughts  ana  intentions  of  men;  whence  he  is  called  the 
**  fearcher  of  all  hearts  ;'*  nay,  he  knows  mens  **  thoughts  afar  off.'*    And, 
by  the  way,  how  imperfeftly  muft  mere  philofophers  know  God,  fince 
they  know  him  but  by  his  works ;  and  know  his  works  themfelves  but 
very  imperfectly  ?    Another  confpicuous  prerogative  of  the  divine  know- 
ledge, is  the  prefcience  of  future  contingencies,  that  depend  upon  the  de- 
terminations and  anions  of  free  agents.  For  we  men  are  fo  far  from  being 
able  to  ftretch  our  knowledge  to  the  difcovery  of  fuch  events,  that  the 
greateft  fcholars  in  vain  have  try'd  to  difcover  now  God  himfelf  can  fore- 
know them ;  and,  therefore,  too  many,  even  among  chrifKans,  deny  that 
he  can ;  tho*  by  feveral  accomplifh'd  prediftions,  recorded  in  fcripture,  it 
manifeftly  appears,  that  he  does. 

When  I  confider  the  tranfcendent  excellency,  and  the  numerous  prero- ^ '^^'jjjj 
gatives  of  the  Deity,  I  cannot  without  wonder  and  concern  obferve,  that  ^l^Jte,  Ind 
rational  men,  profefling  chriftianity,  fhould  wilfully  negleft  to  acquire,  or****^^^*^^*^ 
refleft  on,  thofe  notices  that  are  apt  to  increafe  their  knowledge  of  God, . 
and  confequently  their  veneration  for  him.    To  afpire  to  a  farther  know- 
ledge of  God,  that  we  may  the  better  adore  him,  is  a  great  part  both  of 
man's  duty  and  his  happinefs.    God,  who  bas  put  into  men  an  innate  de- 
fire  of  knowlec^e,  ana  a  faculty  to  difKnguifli  the  degrees  of  excellency  in 
different  notices ;  and  to  relifh  thofe  moft,  that  beft  deferve  it ;  and  has 
made  it  his  duty  to  fearch  and  inquire  after  God,  and  to  love  him  above  all 
things  ;  would  not  have  done  this,  if  he  had  not  known  that  thofe  who 
make  a  right  ufe  of  their  faculties,  maft  find  him  to  be  the.nobleft  objedi:' 
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Rrrsics.  <^  the  underftanding ;  and  that  which  moft  merits  thdr  wonder  and  vene* 
ration.  And,  indeed;  what  can  be  more  fuitable  to  a  rational  creature, 
than  to  employ  reafon  to  contemplate  that  divine^  Being,  who  is  both  the 
author  of  its  reaibn,  and  the  nobleft  obieft:,  about  which  it  can  poffibly  be 
employed?  The  knowledge  of  fome  dead  language,  or  fome  old  rufty 
medal^  or  the  opinions  and  cuftoms  of  fome  nations  or  fe£b,  that  did  not, 
perhaps,  reaibn  or  live  any  better  than  we  do  now,  are  thought  worthy  of 
curiodty,  and  even  of  the  laborious  induftry  of  learned  men ;  and  the  ftudy 
of  things  merely  corporeal,  gains  men  the  honourable  title  tX  philofbphers. 
But  whatever  thefe  objefts  of  inquiry  be,  in  themfelves,  'tis  certain  the 
^eateft  difcoveries  we  can  make  of  them,  are  but  trifles,  in  coniparifon 
of  the  excellency  of  the  knowledge  of  God ;  which  as  much  uirpafles 
that  of  lus  worKS,  as  he  himfelf  does  them.  And  'tis  the  prerc^tive  of 
his  nature,  to  be  infinitely  above  all  that  he  has  made ;  whether  we  con- 
template the  works  of  nature,  or  thofe  of  art ;  the  former  whereof  are 
under  another  name,  his  more  immediate  works ;  and  the  others,  the 
efe£ts  of  one  of  his  works  ;  and,  by  cbnfequence,  originally  his.  And  tho' 
it  be  moft  true,  that  God  has  been  pleaied  to  ftamp  on  the  corporeal  world 
fuch  imprefles  of  his  power,  vrifdom,  and  goodnefs,  as  have  juftly  exacted 
the  adnuration  even  of  philofophers ;  yet  the  great  author  oi  the  world  is, 
himfelf,  incomparably  fuperior  to  all  his  workmanihip:  fb  that,  tho'he 
Qould  have  made,  and  always  will  be  able  to  make,  creatures  more  per- 
&ft  than  thofe  he  has  made,  by  infinite  degrees;  yet  the  prerogative 
of  his  nature  will  keep  him,  nece£Quily,  fuj^erior  to  the  moft  excellent 
creatures  he  can  make  ^  fince  the  very  condition  of  a  creature  hinders  it 
from  being  felf-exiftent  and  independent.  'Tis  therefore,  methinks,  a  fad 
thing,  that  we  men  fhould  grudge  to  fpend  now  and  then  a  few  hours  in 
the  contemplation  and  internal  worfliip  of  that  moft  glorious  and  perfeft 
Being,  who  continually  employs  the  devotion  of  angels  themfelves. 

I  know  'tis  fuppofed  a  dangerous  thing,  to  be  inquifitive  about  the  na- 
ture of  God.  But  the  fecret  things  of  God,  which  are  to  be  left  to  him- 
felf, feem  to  be  his  unrevealed  purpofes  and  decrees,  and  his  moft  abftrufe 
offence  or  fubftance ;  the  fcrutiny  whereof,  I  readily  acknowledge  not  to 
belong  to  us.  And  I  think  there  is  a  great  difference  between  contemplating 
God  out  of  a  bold  curiofity,  merely  to  know  fome  what  that  is  not  common 
of  him ;  and  doing  it  out  of  an  humble  defire,  by  a  farther  knowledge,  to 
heighten  our  reverence  and  devotion  towards  him.  'Tis  an  eflfedl  of  arro- 
gance to  endeavour,  or  fb  much  as  hope,  to  comprehend  the  divine  per- 
te£iions,  fo  as  to  leave  nothing  in  them  unknown  ;  but  to  afpire  to  know 
them  farther,  that  they  may  proportionably  appear  more  admirable  and 
lovely  in  our  eyes,  is  not  only  an  excufable,  but  a  laudable  curiofityl  The 
fcripture,  in  one  place,  exhorts  us  "  to  grow"  not  only  "  in  grace,"  but "  in 
the  knowledge  of  Chrift  /*  and  in  another,  "  to  add  to  our  virtue  know- 
ledge." And  that  we  may  afpire  to  great  degrees  of  knowledge,  even  as 
to  thofe  fupernatural  objefts  we  cannot  adequately  know,  appears  from 
St.  Paul^  who  prays  that  bis  Efhefians^  and  all  true  chriftians,  may  be  able 
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to  comprehend  what  is  "  the  breadth,  and  length,  and  depth,  and  height,  Physics* 
and  to  know  the  love  of  Chrift,  which,  fays  he,  pafleth  knowledge."  Sup- 
pofing  it  then  lawful  to  contemplate  God,  not  with  defign  to  pry  into  his 
decrees  and  purpofes,  nor  to  dogmatize  in  controverted  points  aoout  his  na- 
ture and  attributes  ;  but  to  excite  in  ourfelves  the  fentiments  which  his  in- 
difputable  perfections  are,  by"a  more  attentive  view,  qualified  to  produce  j 
I  take  the  devout  contemplation  of  God,  befides  other  great  aclvantajges 
that  it  brings  the  mind,  to  be  one  of  the  moft  delightful  exercifes  the  foul 
is  capable  of,  on  this  fide  heaven.  'Tis  generally  acknowledged,  that  ad- 
miration is  one  of  the  moft  pleafing  afleftions  <A  the  mind ;  which  fome- 
times,  when  the  objeft  deferves  it,  is  fo  poflfefs'd  thereby,  as  to  forget  all 
other  things,  or  leave  them  unregarded.  Now,  the  pleafure  that  admira- 
tion gives,  being  ufually  proportionate  to  the  uncommon  nature  and  en- 
dearing circumftances  of  the  thing  admired ;  how  can  any  admiration  aflford 
fuch  a  contentment,  as  that  which  has  God  himfelf  for  its  objeft  ?  The 
wonder  produced  in  us  by  an  humble  and  attentive  contemplation  of  God, 
has  two  principal  advantages,  above  the  admiration  we  have  for  any  ol 
his  works,  or  of  our  own.  For,  firft,  when  we  admire  corporeal  things, 
how  noble  and  precious  foever,  the  contentment  that  accompanies  our  won- 
der, is  allay'd  by  a  kind  of  fecret  reproach,  grounded  on  that  very  wonder  ; 
fince  it  argues  a  great  imperfeftion  in  our  underftandings,  to  be  un- 
acquainted with  things  that  are  but  creatures,  as  well  as  we  •,  and,  what 
is  worfe,  of  a  nature  much  inferior  to  ours  :  whilft  *tis  no  difoaragement, 
for  a  human  intelleft  to  be  poflefsM  with  wonder,  tho*  heighten  d  to  amaze- 
ment, or  aftonifhment,  by  the  contemplation  of  that  moft  glorious  and  in- 
finitely perfeft  Being,  who  muft  neceflfarily  exceed  the  aclequate  compre- 
henfion  of  any  created  intelleft.  But  there  is  a  farther  and  much  greater 
advantage  of  the  admiration  of  God,  above  that  of  other  things ;  for  other 
objefts  having  a  bounded  nature,  and  commonly  but  one  thing  to  deferve 
our  wonder,  our  admiration  of  them  is  feldom  lafting ;  and  after  a  little  fa- 
miliarity, firft  languilhes,  and  then  ceafes  :  but  God  is  an  .objeft  fo  very 
fingular,  whofe  perfcftions  are  fo  immenfe,  that  no  diligence  of  confidering 
him,  can  make  him  ceafe  to  be  admirable  ;  and  the  more  we  know  of  him, 
the  more  reafon  we  find  to  admire  him.  So  that  there  may  here  be  a  perpe- 
tual viciffitude  of  our  happy  acquirements  of  farther  degrees  of  knowledge, 
and  our  eager  defires  of  new  ones.  God  is  fo  fertile  an  objeft,  that  we  need 
not  fear  our  admiration  of  him  fhould  expire,  for  want  of  variety  to  keep 
it  up.  To  the  wonderful  excellence  of  God,  may  be  juftly  applied  what 
Arifiotle  lays  down  as  a  definition  of  Infinite ;  viz,.  "  'tis  that,  of  which  how 
much  feever  one  takes,  there  ftill  remains  more  to  be  taken/*  If  the  intel- 
led  fhould  for  ever  make  a  farther  progrefs  in  the  knowledge  of  the  won- 
ders of  the  divine  nature,  attributes,  and  difpenfations  ;  yet  it  niay  ftill 
make  difcoveries  of  frefli  things  worthy  to  be  admired :  as  in  an  infinite 
feries,  or  row  of  afcending  numbers,  tho*  you  may  ftill  advance  higher  and 
higher ;  yet  all  that  you  can  do  by  that  progrefs,  is  to  go  farther  and  far- 
ther from  the  firft  term  of  the  progrcffion,  without  ever  reaching,  or  fa 
much  as  approaching  to  an  infinite  number*  N^^ 
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ysics.       Mumcrous  other  arguments  mighcbe  brought,  to  (hew  the  immenfe  in- 
VN,^  ferioriry  of  man's   intellcfl  to  God. 

■M«f  1  think,  then,  that  it  becomes  us  to  ufe  an  awful  circumfpeftion  ;  not  only 

w*"'"  when  we  make  philofophical  inquiries  about  God,  that  is,  when  we  prcfume 
**  codifcourfe  of  him  ;  but  when  we  foieninly  defign  to  praife  him  ;  for,  'tis 

one  thing  to  fay  true  things,  and  another  to  fay  things  worthy  of  God. 
Our  ideas  of  him,  may  be  the  beft  we  are  able  to  frame,  and  yet  may 
far  better  exprefs  the  nreatnefs  of  our  veneration  for  him,  than  the  im- 
mcnfity  of  his  perfection ;  and,  even  thofe  notions  that  may  be  wonhy 
ofthenioft  intelUgent  of  men,  will  fall  extremely  ftort  of  being  worthy 
of  the  incoroprehenfible  God.  The  brighteft  and  leaft  unhke  idea  we  can 
frame  of  God,  is  infinicely  more  inferior,  with  regard  to  him,  than  a 
parhelion  is  with  regard  to  the  fun.  He  has  not,  in  my  opinion,  the  tru- 
eft  veneration  for  God,  who  can  fet  out  his  excellencies,  and  prert^a- 
tives,  in  ihemoft  high  and  pompous  exprellions  ;  but  he  who,  wilUngly.has 
a  deep  and  real  fenfe  of  the  unmeafurable  inferiority  of  himfelf,  and  his 
beft  ideas,  to  the  unbounded  and  unparallel'd  perfeftions  of  his  maker. 
And,  as  even  our  hymns  and  prailes  of  the  fupreme  Being,  deferve  our 
bluflics,  and  need  his  pardon  J  what  confufion  will,  one  day,  cover  the  fa- 
tes of  thole,  who  not  only  fpeak  (lightly  and  careleHy,  but  often,  con- 
temptuoufly,  of  that  fupreme,  and  infinitely  perfetS  Being,  to  whom  they 
owe  thofe  very  faculties  which  they  fo  ungratefully,  and  impioufly  mii- 
imploy?  Indeed,  fuch  tranfcendent  excellencies,  as  are  the  divine,  might 
juftly  difcourage  us  from  offering  fb  much  as  to  celebrate  them,  if  infinite 
gooonefs  were  not  one  of  them.  I  (hall  not,  therefore,  allow  myfelfthe 
prefumption  of  pretending  to  make  a  panegyric  of  God  ;  but,  content 
my  felt  with  an  humble  adoration  of  thofe  perfedlions,  whereof  my  ut- 
moft  praifes  would  rather  exprefs  my  own  weaknefs,  than  their  excel- 
lence; fince,  of  this  ineffable  object  the  higheft  things  that  can  be  e\- 
prelTed  in  words,  muft  fall  fliort ;  for  words  cannot  exprefs  him 
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STJTICS  is  that  part  qfunmrfal  mecbanics^  which  c(m^ 
,  fiders  the  gravity  (ffbodiesy  in  ali  forts  of  mediums ;  tbo^ 
^tiSi  fometimes^  taken  for  the  famo^  as  particular  mecha^ 
nicsy  or  the  doBrine  of  motion  in  bodies^  which  d^endsupom 
sheir  gravity.  Sut^  hydrojfatics^  in  generaij  regards  the  weight 
of  bodies  in  all  manner  of  fluids ;  and^  therrfore^  differs  but 
little  from  Jiatics^  unlefs  when  bodies  are  weighed  in  vacuo ; 
cr^  where  there  is  nofenfible  refiflancc.  iChere  is^  alfo^  a  more 
limited  Jignification  qf  the  word^  hydrojiatics ;  which  reftrains 
4ty  as  its  derivation  implies^  to  the  weighing  of  bodies  in  wa- 
ter ;  and'^tis  hydroflatics  in  thisfenfe^  wherewith  we  are  here 
principally  concerned :  a  doBrine  whichj  before  Mr.  Boyle  un- 
dertook to  improve  it jCon^Bed chiefly  in  theory  and  fpeculation ; 
having  only  been  treated  hy  mere  mathematicians :  but^  that 
noble  phihfopher  foon  reduced  it  toprt^icef  and  applied  if 
to  ufrful  purpofes.  Some  (fits  pr^fiioms^  formerly  demonftra-^ 
ted  in  a  mathematical  mannet^  he  proved  by  the  direSh  ob* 
oious  way  rf  experiment  ^  th0  isj  hy  the  proper  way%  or  hy^ 
drojiatically.  Hcj  alfoj  made  many  new  difcoveries  in  this 
part  qf  knowledge j  which  are  highly  ufefulin  life^  and  teach  us 
to  examine  the  goodnefs  qf  drugs  ^  qf  metalsj  minerals,  and  other 
Jfodiesy  both  foUd  and  fluids 

^be  firfi  qf  the  following  pieces  appears  under  the  title  qf 
paradoxes  ;  and^  truly ^  the  propojitions  it  contains j  were  parOf^ 
dOwfi  ev^n  tofome  mathematicians^  at  the  time  wherein  they 
were  fublijhed.  Nor  is  this  JirangOy  fince^  as  the  learned 
Wolfius  ohferves^  many  perfons  taking  gravity  for  a  permanent 
fewer  in  matter^  which  muft  remain  unalter^dj  jb  loe^  as  if 
'Continues  its  fiate  \  and  fuppofing  jiuidsf^  wbilfi  cmfieta^  and 

Oo  a  ^ 


Prepack. 

^  reflf  wholh  unahk  to  a£i  upon  bodies  i  no  reafon  spears  t9 
tbcmj  why  they  fiould,  as  it  wercy  take  away  a  part  of  the 
gravity  of  the  bodies  immerfed  in  tbcm\  and,  much  lefs^  why 
they  (houldy  fometimesy  throw  them  upwards  with  a  great 
force.  T'bis  was  remarkably  the  cafe  with  that  great  fcholar, 
Dr.  More;  whoy  tofohe  fuch  an  appear ancey  would  fain  have 
introduced  a  newy  and  an  immaterial  principle  into  pbyfics* 
And  this  gave  birth  to  amtber  of  the  enfuing  pieces ;  wbichy 
tho*  it  alfo  relates  to  fome  experiments,  that  appear  under 
the  bead  (f  pneuviaticsy  we  thought  fit  to  range  intire,  under 
this  (f  fiatics  ;  becaufey  in  firiBnefsy  "'tis  wholly  hydrofla- 
tical ;  taking  that  term  in  its  larger  fenfe  ;  becaufe  we 
would  not  break  in  upon  the  order  qf  the  pneumatical  pieces ; 
andy  lajifyy  becaufe  bydroflatics  ought y  always,  to  precede  pnew 
mattes  y  fince  the  latter  cannot  be  underfiood  without  a  know 
iedge  qf  the  former. 
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POSTULATA,  &  LEMMATA. 

X.  ^  ^Uppofe  a  tubej  open  at  both  ends,  held,  with  one  of  them,  per- 
^^  pendicukrly,  under  water  ;  the  lower  orifice  may  be  conceiv  d  to 
^tmJ  terminate  in  a  plain  parallel  to  the  horizon,  or  tne  upper  furface 
of  the  fluid. 

a.  All  affignable  equal  portions  of  this  furface,  ^11  be  equally  preiTed 
by  the  water  perpendicularly  incumbent  thereon. 

For  the  fluid  being  here  luppoied  homogeneous,  as  to  its  gravity,  and 
to  fland,  at  the  fame  height,  upon  all  the  parts  of  the  hnaginary  plain ;  no 
equal  part  can  poffibly  be  more  pre0ed  than  another,  in  the  fame  fur- 
face. 

3.  If  any  part  of  this  imagmary  plain,  bepreffed  with  a  greater  weighty 
than  another,  the  former  will  be  either  difplaced,  or  depreffed. 

Thus,  whilft  an  heavy  body  finks  in  water,  that  part  of  the  imagi- 
nary plain,  contiguous  to  the  lower  part  of  the  body,  being  prefled  by  a 
greater  weight  dian  the  other  portion  of  the  fame  furface,  muft  needs 
give  way,  fuo^flRvely,  till  the  heavy  body  arrives  at  the  bottom. 

4.  On  the  other  hand,  if  any  part  ol  the  imaginary  fur&ce^  be  lefs 
preffed  upon  than  die  remainder,  it  ^11,  by  the  weight  on  the  ^remain- 
der,  be  impelled  upwards,  till  the  preffure  there  be  equal  to  that  upon 
the  other  parts  of  the  fame  furface. 

If  this  DC  doubted,  the  following  experiment  will  prove  it.  If  a  cy- 
lindrical glafs  tube,  open  at  both  ends,  be  fteadily  held  in  a  perpendicu- 
lar pofture,with  one  dFthem  immerfed,  two  or  three  inches  below  the  fur- 
face of  a  proper  quantity  of  water,  in  a  glafs  veffel;  the  furface  of  the 
water  within-lide  me  tube,  will  be  nearly  level  with  the  furface  that  is 
without-fide  the  fame  ;  becaufe  the  water,  in  both  cafes,  has  a  free  com- 
munication. 

If 


Statics.      If>  now/ft  convenient  quantity  of  oil,  be  gently  poured  upon  the  water 

r  that  is  external  to  the  tube^  tlmt_within  jtbe  Jube».^fldluch  we  ihatt  «att 

Tnternal,  win  j^(Iaa  and  contmue  to  do  £>  -proportiooaUf ;  be^ 

tcaule  dbe  imaginary  plain,  cutting  the  immerfed  orifice  of  the  tube,  is 

'  every  where  prelTed  by  on  additional  weight,  except  in  the  orifice  it- 

felf :  which  pieifurtf  mufl:.  aeCcfiariKr  -be  W6rws'd,''i^  jvytioB  is  pour'd 

upon  the  exteraal  water-;  whilft*  a  circle  of  otHr  imaginaty  plain,  equal  to 

:the  lower  annulus  of  the  tube,  is»  by  the  fides  thereof,  guarded  from  tho 

immediate  weight  of  the  oil ;  whefice  the  external  water,  beiitg  mora 

prefied  than  the  internal,  is,  confequently^  forced  up  thro'  the  tube,  where 

there  is^thft  leaft  refiftaiice,  4^U^he  ^ylind^  of  waiter  jinthin  tt^  tvte 

jmmtatei  upon  .the  fubjaoen^  fiiirt  of  the^  i|iagiaSfty  piaiv,  tqjtsHy  win 

^trnTfum  ef  the  Vater  and  (m1,  lipon  every  other  equal  portion  of  tlw 

iamefurface.  .  ,,  — 

"^  '5.  The  air  is  a  ponderous  body. 

This  has  been  ihewa^by  f^nljapcruncnttj  fmi^^\<^^       mdeed, 
are  exceed  to  |  but  the  rotlowihg  is  uhmeptionable,  and  was  often  re- 

jpeatcxL^^    •-■..-.-  >  .•-■■?  ': /I ;  -rUf^  .t 

'  Haviig  obtain  d  a  tliin^  and  Ivcgp  gjialk  bubbly  with  ;a  Hmdj^mcm^ 
thd  graduid]^  ratified  the  air  it  contaia'd,  as inndi  as  Icoavtaiajdy 
c^uld,  by  the  flame  of  the  lamp,  whereat  the  bubble  was  bjbwfe ;  taw* 
^em,  whilft  the  bubblf;  remained  exceeding  hot,  beii^  nimMf  pMC  iiico.the 
Biame,  tiineby  became henpeticaSv  lealed,  in  an  iiaftant.  ^lW. ^aft  wd 
permitted  to  cool,  leif^rely,'  and  afterwards  wtidi'd^  it  in  a  very  eA^  ba'« 
!kno& ;  then  carefully  brealdn^  off  the  fealed  en<C  and  preserving  ithe  hUgf^- 
ments,  we  weighed  the  glafs  a^in,  and  found  it  oonfiderably  heavier 
than  before;  which  could  be  owing  to  itothine  but  the  natural  air,  that 
ru(hed  into  the  bubble,  upon  breaking  off  its  ftem,  whilfb  it  contain  d  air 
greatly  expanded.  For,  the  ncMie  hered^  in  entiing,  may  be  plaiidy  heard; 
by.  an  attentive  ear ;  and,  as  the  rari£a£lion  is  here  great^  fo  the  bub- 
bles will  Tometimes  break,  by  the  bare,  force  of  the  extenml  air ;' and,  iafb- 
)y,  if  the  fealed  end  of  the  glais  be  broke  ofi^  under  water,  that  fluid  will, 
by  the  prefTure  of  the  atmofphere,  be  forced  into  the  bubUe,  like  an 
artificial  fountain,  till  it  be  about  three  quarters  full :  whence  the  weight 
Off  the  air  appears  to  be  very  confiderabte  ;  Gokc  the  fourth  part  of  what 
the  bubble  would  contain,  remains  therein  not  taken  notice  of  by  the  ba** 
jance.  In  one  repetition  of  this  experiment,  I  foimd  the  air  freih  ad- 
mitted into  the  bubble,  weighed  near  -I-  df  a  grain,  and  its  full  content  of 
water  906  grains  ;  whence,  if  the  re-admitted  air  only  filled  ^  of  die 
bubble,  the  whole  air  it  contain  d,.nfiay  be  reafbnably  fuppofed  at  a  grain. 
And  thus  the  water  weighed  about  ^o  times  as  much  as  the  air  of  the 
bubble ;  which,  all  things  <x>nfider'd,  comes  near  enough  to  fome  other 
trials,  whereby  we  detexsmin'd  the  i^ecific  gravity  of  air,  to  be  to  that  of 
water,  as  i  to  xooo« 

PARA- 
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Jk  all  fluids,  the  upper  parts  gravitate  on  the  lovxn 

Suppofe  one  end  of  a  fmaU,  cylindrical,  open  glafs  tube,  plunged  in-* 
tp  oil  of  turpentine,  and  that  liquor  to  be  raifed,  by  fuftion,  to  a  con- 
venient; height  therein  ;  when  tlie  lips  being  removed,  and  the  upper  ori- 
fice of  the  tube  nimbly  fliopp'd  with  the  finger,  to  prevent  the  fluid  from 
fallinjg  back,  imagine  it  thus  placed  perpendicularly  in  the  glafs  A  B  C  D  %  »• 
almoit  fiird  with  water,  £o  tnat  tlie  furface  of  the  oil  mav  ftand  fome- 
what  higher  than  that  of  the  water.    This  done,  and  the  nnger  removed 
firoip  .^e  upper  orifice  of  the  tube,  the  oil  will  not  fall  out  at  the  lower> 
put  rem^  fu&ended  ne^r  its  former  altitude.    But  oil  of  turpentine^, 
[dng  an  heavy  fluic^  has  a  tendency  downwards  ;  and  as  the  lower  ori- 
rce  of  the  tube  is  open,  it  mufl  neceflarily  fall  out  thereat,  did  not  thft 
prcflure  of  the  water  underneath  fufUin  it.    No  coatsfariety  in  the  na« 
ture  of  thefe  two  liquors,  can  be  fuppofed  the  caufe  q£  this  phenome* 
non ;   for,  if  the  finger  be  removed,  before  the  pipe  is  iufficiently  immer** 
kdy  the  oil  will  fubfide  till  it  becomes  a  balance  to  the  water  ,•  but  the 
3;ealbn  of  it  is  manifeft ly  tlus.    Suppofe  the  plain  wherein  the  extremity  Q. 
of  the  pipe  FQ^  refb,  to  be  GH;  if  that  part  thereof  whereon  the  oU 
reft$  at  Q^  be  equally  prefled  by  the  incumbent  cylinder  of  oil  QX,  with 
die  other  parts  of  tli^  fame  furface  G  H,  by  the  water  incumbent  upon 
them 3  the  part  Q^  can  neither  be  depre&d  by  the  cylinder  of  oil  Q^X^,, 
nor  raifed  oy  an  equal  prefifure  of  water  xxpon  the  other  parts  of  the  plain 
G  H.    That  this  equilibrium,  betwixt   the  cnl  and  water,  is  jufUy  af- 
&nM  for  the  caufe  of  the  phenomoioii)  appears  £irther,  i.  From  what  is 
i£eady  obferved,  viz,,  tbatif  the  cylinder  ot  oilreadi  much  higher  than  the  - 
fxatEsLce  of  the  water,  the  kAI  will  defcend :  the  reafbn  whereof  is,  that  the 
plam  G  H>  being  more  chained  at  Q^  than  in  any  other  part,  it  is  there  - 
imable  to  malce  refiflance ;  whence  it  muft  neceflarily  be  thruft  out-  of  its^r: 
place,  by  the  defcending  oiL    a.  Becaufb  the  oil  will  continue  fubfiding 


tf  e  balanced,  the  pipe  be  gently  raifed  from  Q^  to  S,  the  oil  will  prepon-^ 
4eratej  and  wnfequently  fill  out  in  drops,  which  by  die  fiiperior  fpecifia 
gravity  of  the  water,  will  bebuoyM  up,andib  float  on  the  fur£ice  thereof^  ^ 
4Uid  as  the  p]{)e  is  jmduatly  elevated  towards  the  fur&ce  L  M,  more  and 
noreof  the  oil  wul  drop  out :  but  if  the  tube  be  fbp^dany  where  in  its^ . 
ftfceot,  at S,  for  inftance,.tbe  oil  wiliceafe  to  flow  out:  and,  asattl^ 
{Jain  I K,  the  prefliire  of  the  water,  by  reafon  of  its  diminifliM  depth  L I^^ 
upon  the  other  parts  of  the  fur£ice,  is  not  near  fo  great,  as  upon  die 
puua  Cr  H ;  fo  the  remaining  cyHnder  of  oil  incumbent  on  S,  isL  by  reafba  \ 
ofits  ptopornonable  efflux,  unable  to  prefs  that  part  more  forcibly  diaa  < 
die  others  of  the  fame  plain  I K^  areprefs'd  by  the  incumbent  water.  And» 
if  the  lower  orifice  be  raifed  ahmft  to  V^  or  near  the  upper  fiir&ce  of  the.. 

yates^. 
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^Kjicu  ^^^^^^  L'M,  fcarce  any  oil,4br  the  fame'  reafoii)  will  lemAin  in  the  pipe 
T  V.  4.  Bat  if,  when  theend  of  the  tube  refts  in  the  pUiii  GH^  wherft 
the  oil  is  a  balance  for  the  water,  it  be  let  down  to  O^  the  external  water 
'will  caufe  the  oil  to  afcend  in  the  tube,  the  height  of  E  G;  fb  that  the 
pipe  will  contain,  befides  a  cylinder  of  oil  «  W,  a  (horter  ode  df  Water 
«  O  ;  for,  now  a  new  plain  &  F,  cuts  the  lower  orifice  of  the  tube,  wfaiift 
that  part  of  it  at'O,  bneing,  by  the  incumbent  dl>  preifed  lefs  than  the 
others,  by  the  incumbent  water,  the  oil  will  be  buoy'd  up^  till  the  water 
O*^  'and  the  cylinder  of  oil  <t  W,  taken  together,  gravitate  asmiKh  ttpon 
•O,  as  the  itft  of  the  incumbent  water  does  upon  the  other  *eqoal  parts  of 
•the  fanft  plain  E  F.  Since,  then,  the  oil,  in  this  cafe,  may  be  kept  ta£^ 
•pended  at  any  point,  under  water,  as  at  Q^  being  there  in  an  ecjuilihrinm 
with  the  external  fluid  ,•  fince,  wheji  derated,  as  from  Q^to  S,  it  &lls  by 
its  own  gravity ;  and,  fince  the  deeper  it  ts  plunged^  the  greater  wdghc 
and  prefmre  are  required  in  the  cyUnder  of  oil,  to  baUince  the  piefiiire  ol 
the  water  \  it  follows,  that  the  parts  of  the  water  incumbent  on  die  plain 
G  H,  prelsthat  fiirface  more  than  the  plaini  K,  isprefied  by  the  parts  of 
the  water  eondgvous  to  it ;  and  oonfequendy,  that  all  die  parts  cxf 
the  water  whichiie  under  the  upper  furfac^  are  prefied  by.  diole  whidi 
iUnd  direfdy  over  them ;  as  the  upper  parts  of  the  oil  prefi'd  down  the 
lower^  whiift  the  pipe  was  drawn  up  fit>m  Q^to  S;  fo  that  the  oil  flow'd 
<mt  at  the  orifice  o  :  for  fince  the  lower  parts  of  a  Hquor 'prefs  propordo« 
iiaUy  to  die  hdght  of  the  fluid,  they  muff  neceflariljr  derive  dieir  icaxt 
imn  the  incumfatait  parts,  whid^  confequendy,  gravicatk  upofn  ttem. 

A  glafs  bubUe,  abcmt  the  bignefs  of  a  puUers^;,  was  pnrpoicly  hloMt 
at  the  flame  of  a  lamp,  w^th  a4ohg  flem  turned  up  at  the  end,  that  it  mi^ 
be  the  more  conveniently  broken  on.  This  bubble  bdng  wdl  heatecL  to 
rarify  the  air,  and  thereby  drive  out  a  3arge  part  of  it,  was  prefently  ieal- 
ed  at  the  end ;  and,  by  the  hdp  of  the  figure  of  the  ftem,  was,  by  a  conve- 
nient piece  of  lead,  funk  under  water,  the  weight  ismd  glafs  being  tied  by 
a  ftring  to  one  fcale  of  a  good  balance,  in  the  other  whereof  was  placed  a 
covmterpoife  to  the  bubble,  as  it  hung  freely  in  the  midft  of  the  waten 
Then,  with  a  pair  (tf  forceps,  I  carefully  broke  off  the  fealed  end  of  th^ 
bubble,  under  water,  fo  that  no  air  appear  d  to  emerge,  or  eicape  thro'  the 
water  i  but-the  liquoy,  by  the  weight  of  the  atmo{phere,  fprung  into  the 
emptypart  of  the 'bubble,  and  about  half  filfd  the  whole  cavity;  where- 
upon the  bubble  immediately  fubfided,  and  made  the  fcale,  whereto  *twas 
faftenM,  Tequire  4  drams, 'and  38  grains,  to  bring  it  horizontal.  Theft 
taking  out  the  bubble,  with  the  water  it  contained,  we,  by  means  of  die 
:ftame  of  a  icandle,  warily  applied,  drove  out  the  water,  which,  othenxnife^ 
is  not  eafily  excluded  at  a  very  narrow  ftem,  into  a  glafs  counterpoised 
before-hand,  and  found  it  to  weigh  about  4  drams,  and  30  grains,  be- 
fides a  little  that  remained  in  the  bubble,  and  a  fmall  matter  that  might 
have  been  rarify'd  into  vapour ;  which,  added  to  the  piece  of  glafs,  brokea 
orf  under  water,  and  loft  there,  might  very  well  amount  to  7  or  8  grains. 
hy  which  it  appears,  not  only,  that  water  nas  fome  wei^t,  or  gravitates  in 

watcr> 
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i^atcr,  \Mt  that  it  weighs  very  -near,  or  altogether  as  much  in  water  ,  as   Statics. 

in  the  iir.'    We  repeated  the  experiment  with  another  fealed  bubble  as 

large  as  a  great  hen-egg,  and  with  the  like  fuccefs. 

COROLLARY. 

From  hence  it  appears,  why  the  furface  X,  of  the  oil  in  the  pipe  P  Q, 
rifes  a  little  above  the  level  LM,  of  the  external  water.  The  flendernels 
of  the  pipe  may,  indeed,  contribute  hereto ;  but  there  would,  otherwife, 
he  an  inequality.  For,  fince  oil  of  turpentine  is  fpecificaliy,  that  is,  bulk 
for  bulk,  lighter  than  water;  and  fince  an  equilibrium  between  them  is  here 
conftantly  obferv'd  ;  the  height  of  the  oil  incumbent  upon  Q,  muft,  of  ne- 
ceffity,  be  greater  than  that  of  the  water  incumbent  on  the  other  parts  of 
the  lame  plain  G  H,  to  make  the  prefTure  on  both  fides  equal.  And  were 
the  difference  between  the  fpecific  gravities  of  theie  two  liquors  greater, 
the  difference  in  the  heights  of  their  furfaces  X  and  L  M,  would  be  greater 
alfo  \  as  may  be  tryM,  by  fubftituting  oil  of  tartar  (er  deliquium^  a  heavy 
Ikline  liquor,  for  water. 

S  C  H  O  L  I  A. 

1.  what  we  have  here  faid,  or  fliall  hereafter  fay,  of  the  properties  of 
•water,  is  applicable  to  all  ponderous  fluids,  imlefs  where  caufe  of  excep- 
tion appears  in  particular  cafes. 

2.  *Twas  belore  hinted,  that  in  very  fmalljglafs  pipes,  many  fluids  (I 
except  quick-filver)  will  appear  with  their  furfaces  higher  than  that  of  the 
liquor  wherein  they  are  immerfed  ;  and  that,  as  far  as  I  have  obferv'd,  in 
proportion  to  the  fmallnefe  of  the  bore :  but  this  being  of  fmali  confequence 
in  our  prefent  experiments,  we  fliall  take  no  farther  notice  thereof. 

3.  l5otwithftanding  this  inconvenience  of  finall  tubes,  we  chufe  to  make 
ufe  thereof;  becaufe  thofeof  a  wider  bore  are  apt,  upon  any  fmall  inequa- 
lities of  preffure,  to  fuffer  the  oil  and  water  to  pafs  by  each  qther  in  their 
cavity,  and  fo  difturb  the  experiment. 

4.  Common  oil  and  water,  or  any  two  IhquOTS  that  will  not  mix,  may 
fcrve  in  moft  of  our  experiments.  I  made  choice  of  oil  of  turpentine,  be- 
cause Vis  light,  thin,  clear,  coloiuiefs,  eafily  obtainable,  not  apt  to  fpot 
apparel,  or  greatly  to  adhere  to  porous  bodies ;  and  its  ofifenfive  fcent  is 
eafily  correfted  by  oil  of  rhodium,  &c. 

5 .  Oil  of  turpentine  will  corrode  copper,  whence  by  digefting  it  upoii 
the  crude  filings  of  that  metal,  a  deep  green  liquor  is  obtamable  \  which 
xifed  inftead  of  the  colourlefs  oil^  will  render  the  diftindtion  of  the  fluids 
more  confpicuous. 

6.  For  the  fame  purpofe,  I  frequently  employ  a  decoftion  of  brazil,  log- 
wood, or  the  common  red  ink ;  which  muft  be  made  very  ftrong  and  deep^ 
otherwijfe  their  colour  in  a  flender  pipe  will  be  fcarce  difcernible, 

7.  As  to  the  fliape  of  the  glafs-vellel,  we  need  not  be  folicitous,  tho^  that 
of  a  wide-mouth'd  jar  be  for  fome  ufes  the  moft  convenient.  The  depth 
hereof,  and  the  length  of  the  tubes  muft  be  determin  d  by  the  experiments 
to  be  made. 
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Statics.  8*  l^t  ought  to  be  no  difcourageinent,  if  the  oil  of  turpentine  inck'd  up, 
^^  '  do  ngt  renaain  in  the  glafi,  upon  the  firft  or  fecond  attempt;  'tis  beft  to 
draw  up  more  than  is  neceffary,  and  afterwards  to  let  in  the  air  gradually 
between  the  orifice  of  the  tube  and  the  finger ;  which  will  fufl^  the  liquor 
to  defcend  to  the  height  required. 

9.  Where  a  coniicferable  difference  is  required  between  the  two  fluids 
madeufeof^  cnl  €£  tansir  per  deliqusum,  aswefaid,  tinged  with  cochineal, 
may  fupply  die  place  of  water,  and  highly  reftified  fpirit  of  wine  that  of 
oil  of  turpentine :  for  theie  two  liquors,  tW  they  readily  unite  with  water, 
will  not  eafily  mix  widi  each  other.  Or  a  very  ftrong  filtred  fblution  of 
fea-(alt,  -may  be  fubftituted  fer  water,  occafionally.  I  have  fomedmei 
added  oil  of  turpentine  to  fpirit  of  wine  and  oil  of  tartar,  and  thereby  <^ 
tainM  three  liquors  of  diflferent  grarities,  wUch  will  not  ea(3y  mix  \  by 
plui^ng  a  pipe,  with  water  in  the  bottom  of  it,  below  the  furnce  of  the 
loweft  of  thele  liquors,  and  raifing  and  deprefline  it  in  a  proper  manner* 
the  experiment  may  be  agreeably  varied;  out  ffiU  continue  explioiUe  by 
the  pnnciples  we  deliver. 

xo.  This  propofidon  has  been  thought  liable  to  the  foUoviring  dl>je£tioos; 
I.  If  the  upper  parts  of  water  gravitate  upon  the  lower,  the  latter  muft  be 
more  denfe  than  the  former.  %.  Divers  are  fenfible  of  no  compieffiure  un- 
dtf  water.  3.  Tender  plants  crow  at  the  bottom  of  the  fia«  4.  An  im* 
meried  heavy  body  is  fupportea  and  drawn  out  with  greater  eaie,  than  if 
Bo  water  were  incumbent  therecm ;  for  it  weighs  lefs  in  water,  than  out 
of  it.  5.  A  bucket  of  water  is  lifter  when  immerfed  than  before;  and 
weighs  lefi  in  water,  than,  when  empty,  out  of  it ;  dierefere,  the  water  in 
die  bucbet  does  not  gravitate,  either  on  the  bucket,  or  the  water  below  it : 
whence  the  fchools  have  determined,  that  fluids  never  cravitate  in  their 
proper  places.  6.  Horfe-hairs  preferve  any  place  affign  a  them  in  water ; 
and  do  not  fink  by  the  incumbent  weight  thereof.  7.  Were  the  propofidon 
true,  all  the  lower  parts  of  water  would  be  in  perpetual  motion,  and  con- 
ftantly  expel  the  upper. 

To  anfwer  each  of  thefe  obje^Hons  in  their  order,  i.  If  the  component 
parts  of  water  be  perfeftly  hard  and  foiid,  the  upper  may  prefs  upon  the 
lower  ^thout  condenfing  them ;  as  would  be  the  cafe  in  a  heap  of  diamond 
dufl.  And,  poffibly,  the  parts  of  water  will  not  fenfibly  yield  to  fo  fmall 
a  weight  as  that  of  the  incumbent  fluid,  at  leaft  in  thofe  heights  whereat 
experiments  are  ufually  made ;  for,  in  faft,  water  is  not  compreffible  by  an 
ordinary  force :  nor  would  any  abfurdity  follow  from  our  ooftrine,  were 
the  lower  parts  of  the  fea  condenfed  by  the  upper,  a.  That  divers  are 
infenfible  of  any  compreflfure  under  water,  proceeds  from  the  furprizingly 
ftrong  refiftance  of  an  animal  body  to  an  umform  force,  at  once  applied  to 
all  the  external  parts  thereof  j  but  that,  if  a  proportionable  part  of  this 
preffvgre  was  fufbinM  by  one  limb,  and  not  by  all  the  refl  at  the  fkme  time, 
"'twould  be  gready  pain'd  thereby,  appears  fenfiblv  from  covering  the 
mouth  of  an  open  cylindrical  vefTel,  with  the  pahn  ot  the  hand,  whilft  ap- 
plied like  a  receiver,  to  be  exbaufted  b^  "be  air-pump :  for  as  fbon  as  the 
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included  air  is  withdrawn  from  under  your  hand,  it  will  be  veheniefiayoTATict.' 
prefs'd  from  without,  againft  the  edge  of  the  veflTel ;  as  if  fome  weight  were  V^^'^  ' 
laid  upon  the  back  of  your  hand,  and  forced  it  into  the  hoUov?  of  the  cy- 
linder. But  that  fo  vaft  a  weight  of  water,  as  muft  comprefs  a  human 
body  at  the  depth  of  near  loofeet  below  the  furface  of  the  lea,  (where, 
a  diver  told  me,  he  had  remained  without  pain)  will  not  fenfibly  affeft  it, 
may  appear  from  the  following  e\periment.  To  a  fmall,.  cylindrical,  glafs 
fyphon,  fealed  af  one  end,  we  exa£Uy  fitted  a  rammer,  by  means  ot  foft  '"'ir*  «• 
leather,  fo  that  neither  air  nor  water  could  pafs  between  it  and  the  fides 
of  the  glafs ;  then  pouring  in  a  proper  quantity  of  water,  and  leaving  fome 
inches  height  of  air  above  it,  we  let  a  young  tadpole,  the  body  of  which 
animal  is  exceeding  foft  and  tender,  fwim  about  in  the  glafs ;  when  a  maa 
forcing  the  rammer  down  the  tube  with  his  utmoft  ftrength,  the  bulk  of  the 
tender  creature  feemM  fomewhat  diminifli'd  by  the  preflure ;  however,  it 
continued  to  move  freely  about  in  the  water,  and  often  afcended  to  the 
top  thereof ;  tho*  the  inftrument  flood  perpendicular  to  the  horizon :  nor 
could  we  perceiire  that  the  animal  fufler'd  the  leaft  injury  hereby.  This  ex- 
periment we  frequently  repeated,  with  tadpoles  of  different  ages  5  whence 
it  may  fairly  be  concluded,  that  the  texture  of  animals  is  ib  ftrong,  that 
tho'  water  aftually  prefs  on  water,  the  body  of  a  diver,  at  a  great  depth 
therein,  ought  not  to  be  fenfible  of  its  weight :  for  the  air  b^ing  here  torn- 
prefs'd  into  an  eighth  part  of  its  natural  dimenfions ;  the  tadpole  fuftain'd  a 
preflure  of  water  equal  to  that  of  a  cylinder  of  the  fame  near  3^00  feet  high. 
3.  That  plants  (hoot  up  underwater,  is  owing  to  the  fubjacent  preflure  of 
the  fame;  the  force  whereof,  we  fee,  is  able,  when  they  are  detatch'd  from 
their  roots,  to  throw  them  up  to  the  fur&ce,  notwithftandjng  the  dird% 
weight  of  the  incumbent  fluict.  4.  Tbo'  the  water  incumbent  on  a  heavy 
body  aftually  tends  to  deprefs  it,  yet  that  tend^cy  may  not  caufe  it 
to  fmk  deeper ;  by  reafon  of  an  equal  or  greater  preflure  upon  all  the 
other  ntts  of  the  fame  plain,  wherein  its  bottom  refts ;  m  which  cafe, 
tl^  hanc^at  fu&iins  it  will  not  &Si^^^  weight  of  the  inpunbent  fluid, 
but  be  able  to  ra'ife  the  body  more  eafily  ho:^  than  in  the  air :  yet  if 
the  incumbent  water  be  removed,  as  in  the  proof  of  our  eleventh  para- 
dox, a  great  preflfure  will  appear  to  have  been  there  fuftainM  by  the\body. 
5.  To  pafs  over  that  fenfelels  e3q)reffion  of  fluids  not  gmvitating  in  their 
proper  places,  I  thus  folve  the  phenomenon  of  the  immcxfed  bucket.  Sup- 
l>ofe  A  B  C  D  the  well,  £  F  tne  rope  whereby  the  bucket  is  fuQ)ended  Fi^.  4* 
under  water,  with  its  bottom  refting  on  the  plain  I K ;  if  the  bucket 
whotty<x>nfift  of  wood  fpecifically  lighter  than  water,  it  muft  be  fo  far 
from  weighing  xipon  the  hand  at  E,  that  its  upper  parts  muft  needs  rife 
above  the  top  of  the  water :  but  if  tlus  veflel  be  a  compofition  of  wood  and 
iron,  it  may  be  fpecifically  heavier  than  water ;  in  which  cafe,  the  hand 
that  draws  it  out,  will  frel  only  that  weight,  whereby  it  exceeds  an  equal 
bulk  of  the  fluid ;  the  water  in  the  <:a\aty  G,  and  fb  much  as  refts  tiiereon, 
i>eing  balanced  by  the  preflure  of  the  other  water  above  the  plain  I  K : 
whence  the  bottom  cf  die  bucket  is  prefled  as  forcibly  upwards,  as  the 
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piOKS.  WagnWrtKe  incumbeot  water,  in  the  bucket  and  ab6ve  kr,  tends  tode^ 

*^jfV\i^  prefs  it ;  fo  that  the  hand  has  no  more  to  lift,  than  the  txct(s  of  weight  <* 

^    '  the  wood  and  iron  of  the  bucket,  above  that  of  an  equal  bulk  of  water* 

And  fiuther  to  ihew  the  abfurdity  of  that  fchdaftic  doArine,  of  water's 

not  weighing,  in  its  own  element, .  drawn  from  this  experiment  of  the  buc-* 

Itiet,  I  f^rfermM  the  fame  thing;  in  water,  with  a  fmall  box  filled  with 

butter,  and  fome  pieces  of  lead,  to  add  to  its  weight ;  and  I  hope,  k  will  not 

be  pretended,  that  the  butter  and  lead  did  not  eravitate  her^  because  chejf 

were  in  their  own  element  *.    6.  That  horfe-nairs^fuppofin^  them  of  tfa»e 

fame  fpecific  gravity  with,  water,  ftand  fufpended  at  any  depth  in  that: 

^  ^*'         fluid,  is  eafily  accounted  for  upon  our  princi{>les.    Supp6te  the  body  Rl 

to  be  of  the  lame  fpecific  sra^ty  with  water,  it  camiot  preis  that  part  of 

the  plain  S,  wherein  it  refts,  either  more  or  lef&  than  an  equal  bulk  of  wa-^ 

ter;  and  coniequently,  tho*  the  whole  column  that  ftands.  above  it,  di-^ 

re£Uy  prefTes  thereon,  that  does  not  fink  it ;  being  balanced  by  the  weight 

of  the  other  water  above  the  plain  IK;  whence  the  body  wiU  neither  he 

dc|>re{sM  nor  raisM.    And  as  this  muft  be  the  cafe  at  what  depth  ibevc^ 

the  body  be  inunerS^d,  it  muft  neceCGirily  keep  in  the  plaeeaflign  d  it.   And 

I  once  procured  glafs-bubbles  £o  nicely  poiled^  as  to  exhibit  this  phenomef 

iu)nwith  a  furpriung  exadbiefs.    7.  if  the  laft  objeftion  fuppofes  the 

lower  parts  of  water  to  be  of  any  confiderable  bulk,  'tia  aueady  an- 

l^erM,  when  we  fliew'd  that  the  body  R,  woyld  retain  its  place  affign'j^ 

any  where,  in  the  water.    And  unleis  we  knew  the  particular  magxuLr 

tude  and!  figure  of  the  oomponent  particles,  of  water.  Vis  to  no  pur-^ 

pofe  to  dHp]ate  this  pdnt.    I  am,  however,  ib  far  ftrrai  thinking  it  m^ 

£u:d,  diat  t%f  lower  parts  of  water  ihoutd  be  in  conftant  motion,  tiuit 

I  take  this  to  be  the  very  property  that  conftitutes  a  fluid ,-  which,  tho* 

not  vifible,  is  eafily  difcoverable  by  itseffefts.    Thus,  when  ^It  is  thrown 

into  water,  the  parts  near  the  bottom  foon  raife  faline  corpuliles  to  the 

top,  where  they  afterwards  (hew  themfelves  in  fmaU,  floating,  cubical 

grains. 
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♦  This  matter  cannot  be  ftt  dearer 
than  in  the  words  of  Sn:  Ifaac  Ne^wton ; 
who  obferves,  that  bodies  immerled  in 
fluids,  have  two  kinds  of  gravity ;  the  one 
true  and  ablblute,  the  other  apparent,  vuU 
gar  and  relative.  ^  Abfolute  gravity  (fays 
**  he)  is  the  whole  force  wherewith  a 
**  body  tends  downwards;  but  the  relative 
*'  and  vulgar  is  that  excefs  of  fravity, 
*^  whereby  a  body  tends  downwards,  more 
**  than  the  fluid  which  furrounds  it  By 
'*  the  former  kind,  the  paru:  of  fluids,  ana 
'*  of  all  bodies,  gravitate  in  their  proper 
**  places  ;  and,  by  their  joint  weights, 
*•  compofe  the  weight  of  the  whole.  For 
««  every  whole  has  weighty  as  is  evident 


^  in  veflels  fiU'd  with  liquids;  and  the 
**  weight  of  the  whole  being  equal  to  the 
**  weights  of  all  the  parts,  muft  of  necef- 
**  fity  be  compofed  or  them.  But  bodies, 
^  by  tjbe  latter  kind  of  gravity,  do  not 
(c  21-fivitate  in  their  own  places  ;  that  is, 
do  not,  when  compared  with  one  ano- 
ther, pregravitate ;  but  mutually  hin- 
'*  dering  each  other*s  endeavour  to-  de- 
**  fcend,  they  remain  in  their  places,  at 
if  they  had  no  weight.  Bodies  in  the  air 
which  do  not  pregravitate,  arc  thought 
by  the  vulgar  not  to  be  heavy ;  but  thofe 
"  which  pregravitate,  they  judge  to-  be 
'^  heavy,  forar  as  the  air  does  not  fupport 
^^  them  I.  fo  that  the  weight  of  bodies  among 
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PARADOX    n. 

A  lighter  fluid  wiS  gravitate  upon  a  heavier. 

If  you  fuck  up  fair  water  in  a  flender  glafs  pipe,  to  the  height  of  three 
cr  four  inches,  nimbly  ftop  the  xipper  orifice  with  your  finger,  plunge  the 
lower  into  a  glafs  of  oil  of  turpentine,  till  the  furface  of  the  oil  in  the  velfcl 
rife  fomewhat  higher  than  that  of  the  water  in  the  tube,  and  then,  laftly^ 
remove  your  finger ;  the  water  will  not  fall  out,  but  continue  fuipended  by 
the  preflure  of  the  oil ;  as  appears  evident  from'  the  forgoing  propofition, 
whereof  this  is  only  the  converfe.    And  if  either  more  oil  be  poured  into 
the  veflel,  or  the  tube  be  immerfed  deeper   therein,  the  water  will  be 
buoyed  up  towards  the  top  of  the  pipe ;  that  is  to  fay,  a  heavier  fluid  will 
be  raifed  by  a  lighter.    Since  then,  by  the  preceding  proportion,  the  liquor 
rifes  in  the  pipe  by  the  gravity  of  the  external  fluid,  it  foUows,  that  ai 
lighter  liquor  will  gravitate  upon  a  heavier^ 


Statics 


COROLLARY. 

As  the  fiufaceof  the  oil  in  the  tube,  wasalways^  m  the  former  expe* 
riment,  higher  than  that  of  the  external  water,  fb,  here,  the  furface  of  ^ 
the  water  in  the  pipe,  will  conftantly  be  lower  than  that  of  the  oil;  be-- 
caufeih  the  plain  EF,  the  cylinder  of  water  I  Gy  contained  in  the  pipe  l^s* 
I H,  will,  upon  ^  account  of  its  greater  gravity,  prefs  as  mu^h  upon  the 
part  I,  as  the  oil  K  I,  IIL9  which  is  fpecifically  lighter  than  it,  does  up- 
on the^  other  parts  of  the  fame  plain  E  F. 

SCHOLIA^ 

I .  This  fecond  paradox  may  be  farther  confirmed  from  the  common  phe- 
nomena of  clafs  bubbles,  the  explication  whereof  is  as  follows.  The  bub*^ 
ble  X,  confifting  of  glafs,  which  is  fpecifically  heavier  than  air,  which  is  figrJ^- 
fighter  than  water,  and  of  water  it  felf ;  whilft  the  whole  compofition  is 
fighter  than  an  equal  bulk  of  water,  it  will  float ;  but  if  it  grows  heavier 
than  fo  much  water,  it  muft,  according  to  the  laws  of  hydroftatics,  finkj 
When,  therefore,  there  happens  any  confiderable  preflure  upon  the  water 
wherein  the  bubble  is  generally  immerfed;  fince  glafs  is  a  folid  body,  and 

^  the  vul^,  is  OBly.the  exceft  of  their 
"  real  weight  above  that  of  theair*  .  And, 
**  therefore,  they  call  th.ofe  things  light,. 
**  which  being  le&.  heavy  than  the  air, 
"  and  yielding  to  its  greater  gravity, 
^  mount  upwards* .  But  thefe  bodies  are 
**  only  comparatively  )ighc,  not  really  fo; 
^  for  they  will  delciend  i»  vacuo.  Thus 
*^  bodies,  which  by  reafon  of  their  greater 
**  or  left  gravity,  defcend  or  afcend  in 
^  water,  are  but  comparativelv  and  ap- 
**  parently  heavj  or  light ;  find  tKeir  com-. 


r  it 


parative  and  apparent  Icvitjr,*  is  the  ex* 
**  eels  or  defe&,  whereby  their  real  gra* 
*^  vity  either  exceeds  or  fklb  (hort  of  the 
•*  gravity  of  water.  But  whatever  bo- 
^  dies  neither  delcend  by  pregravirating, 
*^  nor  afcend  by  yielding  to  one  that  pre*. 
<^  gravitates  ;  tno*  they  Sill,  by  their  real 
**  weiehts,  increafe  the  weight  of  the 
**  whole  ;  yet  comparatively,  and  in  a 
*•  popular  ienfe,  they  do  not  weigh  in 
*•  water.!*    Nsvnom  Princip. 
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SrATiCf •  water  incoinpre(&ble,  but  the  air  included  in  the  bubble^  daftic,  and  eafily 

'^    '  /  compretfed;  this  will  {hrink,  and  ib  pofleffing  le&  {pace  than  before,  the 

*. contie:uous  water  ^U  fucceed  in  its  place ;  which  being  a  body that-is  a 

k  thouland  times  fpeciHcally  heavier  than  air,  the  bubble  thereby  beonties 

heavier  than  an  ecjual  bdk  of  water,  and  confequently  finks  :  but,  upon 

the  removal  of  this  prefTure,  the  pent-up  air  will9  by  its  own-  iprine,  tree 

it  felf  from  the  intmUng  water ;  whence  the  compofition  of  the  mibble 

j^wii^  liditer  than  an  equal  bu&  of  water,  it  wUl^  hooi  the  bottom, 

munediately  emerge  to  the  top. 

^:2.  Into  a  long  glafs  pipe^  (ealed  at  one  end,  and  open  at  the  other,  pour 
commcm  water,  till  about  half  a  yard  thereof  remains  unfilf d.  In  the 
next  place  poiie  a  glafs  bubble,  with  a  (lender  neck,  'ib  that  a  imall  ad- 
dition of  wd^t  will  fink  it ;  and  place  it  on  the  fur&ce  of  the  water  in  the 
tube;  then caobnuepouring-oil  of  turpentine  getitly  thereon,  tillitriies 
to  a  fufficient  height ;  wh^  the  bubbte  will  defcend  to  the  bottom,  and 
there  continue  as  lon^  as  tlie  oil  remains  at  that  height  above  the  water. 
The  reafon  whereof  is,  that  the  oil,  tho'  lighter  tmn  vrater,  graviutCs 
ujKm  that  fluid  below  it,  and  thereby  forces  a  part  thereof  into  the  open 
wifice  in  the  neck  of  the  bidible,  which  thence  oecomes  heavier  than  an 
equal  bulk  of  water,  andxonfequently  defcends  to  the  bottom  i  and  the 
caufe  of  this  fubmerfion,  the  prefliire  oi  the  oil,  c(Hitinuine,it  muft  necef- 
iarily  remain  there.  In  confinnation  hereof,  it  may  be  added,  that  if  the 
cylinder  of  oil  be  diminifli'd,  or  taken  away,  the  bubble  will  ajgain  afcend 
to  the  top  o&the  water;  becaule  the  water  beinjg  relieved  from  the  pre£- 
fure  df  tbeoU,  the  air,  by  virtue  of  its  own  elafticity,  recovers  its  fi»mter 
.idimenfions,  and  thereby  renders  the  bubble  as  light  as  before. 

3*  The  firft  paradox  may,  alfb,  be  confirmed  by  the  following  experi- 
ment. Having  provided  a  tube  and  bubble,  as  juft  mention  d,  pour 
water  into  the  tube,  to  the  height  of  6  inches,  then  caft  in  the  bubble,  and 
keep  it  conftantly  plung'd  below  the  furface,  whilft  more  water  is  flowly 
poiir  d  into  the  tube,  to  a  confiderable  height ;  when,  the  bubble,  which 
before  attempted  to  emerge,  will,  by  the  additional  weight  of  the  incum- 
bent w^ater,  be  de[)re(rea  to  the  bottom  of  the  tube,  and  there  continue, 
whitft  the  £ime  weight  of  water  remains. 

4.  Tbo'  the  weight  df  the  incumbent  water  alone,  here  cauies  the  bub-** 
ble  to  fink,  yet,  if  it  were  not  kept  immerfed,  a  ftill  greater  weight  of 
water  would  not  deprefs  it ;  becaule,  being  left  to  itfblf,  it  would  rife 
with  the  fluid,  and  never  permit  the  fame  to  come  fufficiently  above  it  for 
that  purpofe.  And  that  tne  weight  -of  the  incumbent  water  really  finks 
the  bubble,  and  keeps  it  at  the  bottom,  appears  from  taking  away  a  fuf- 
ficient part  thereof ;  for,  when  that  is  done,  the  bubble  will  prefently,  and 
of  itfeif,  begin  to  float  up  towards  the  furface,  from  whence  it  may  ea- 
rfily  be  made  to  fubfide,  by  pouring  back  the  fame  water  that  was  taken  out. 

5 .  The  reafon  why  oil  of  tartar  fer  deliquiumy  was  not  here  made  ufe 
of,  inftead  of  fair  water,  is,  that  in  fuch  fmall  nipes,  as  thofe  employed 
About  the  iirft  experiment^  I  found  that  iiquor  to  ponderous,  as  to  flow 

down 
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down  into  the  oil  of  turpentine,  whilft  the  oil  paffed  upwards  by  it,  along  the  Statics. 
other  fide  of  the  tube  :  whence  I  am  furprized,  that  M.  Pafchal  ihould  fay, 
that  if  a  tube  above  14  feet  long,  with  one  orifice  placed  14  feet  under  wa- 
ter, be  full  of  quick-filver,  it  will  not  all  run  out  thereat,  tho'  the  top  be  ex- 
posed to  the  air,  but  flop  at  the  height  of  one  foot;  becaufe  the  moment  it  ac- 
quires in  falling,  muft,  probably  caufe  the  whole  to  come  out.  My  own  trials 
with  quick-filver,  and  Imall  tubes,  with  thisnK>re  favourable  circumftance 
of  oil  of  turpentine,  and  oil  of  tartar,  tempt  me  to  fulpcft,  that  M.  Pafchtd 
never  madethe  experiment,  at  leaft,  not  in  a  tube  fo  large  as  his  fcheme  fuppcH 
fes.  Experiments,  that  are  only  true  in  fpeculation^  ihould  be  propofed 
as  fuch,  for  they  may  often  fail  in  practice. 

6.  This  fecond  paradox,  I  am  fenfible,  contradicts  the  airrent  opinion 
of  the  fchools,  and  even  of  many  modern  mathematicians^  and  writers  in 
hydroftatics ;  but  whether  the  caufe  of  gravity  be  the  trufion  of  any  fu- 
perior  fubftance ;  or  the  magnetic  attraraon  of  the  earth,  &c.  there  is,  in 
every  heavy  body,  a  conftant  tendency  towards  the  centre  of  the  earth, 
that  cannot  be  deftroyM  by  the  interpoution  of  another  heavier  body,  tho' 
its  nearer  approach  towards  the  centre,  may  be  hindred  thereby  ,*  the  lat- 
ter, from  its  greater  gravity,  obtaining  the  lower  place.    But  then,  the 
lighter  body  tending  downwards,  muft  needs  prefs  upon  the  heavier  that 
lies  in  its  way ;  and  jointly  therewith,  prefs  upon  whatfbever  body  fup- 
ports  them  both,  with  a  weight  made  up  of  their  united  gravities.    Some  : 
men  of  learning  are  kept  from  acknowledging  this  truth,  by  finding  that 
a  lighter  fluid,  Turrounded  by  a  heavier,  Sots  not  deicend,  but  emerge  to 
the  top ;  whence  they  confider  the  former,  not  as  a  heavy  body,  but  a 
light  one.    Tis  true,  in  refpeft  of  the  heavier  liquor,  the  lefs  heavy  may 
be  called  light ;  vet  it  ftiU  retains  its  own  abfolute  gravity,  or  tendency 
downwards,  as  ftrongly  as  before;  tho'  by  a  contrary  and  more  power- 
ful tendency  of  the  contiguous  liquor  upwards,  fuch  its  endeavour  does 
not  appear.     Thus  whilft  a  piece  of  light  wood  emerges  from  under 
Water,  it  retains  its  gravity  in  its  afcent,  being  only  buoy'a  up  bv  the  wa- 
ter, whofe  fpecific  gravity  is  the  greater;  fo  that  the  lum  of  tne  water, 
and  the  aicending  wooa,  weighs  more  than  the  water  alone  would  do  ; 
and  therefore,  when  this  wood  floats,  with  fome  part  above  the  furface  of 
the  water,  a  lighter  body  adhially  gravitates  upon  a  heavier.    Thus,  alfo, 
were  a  man  weighed  in  a  balance,  with  a  flone  in  his  hand,  which  he  lifts 
above  his  head;  tho*  that  may  feem  light,  in  refpeft  of  his  body,  yet  it 
lofes  nothing  of  its  natural  weight,  neither  during  its  afcent,  nor  after- 
wards :  for  the  hand  that  raifes  it  up,  will  confbmtly  perceive  its  ten- 
dency downwards,  and  the  flone ;  and  the  man  together,  will  weigh  no  \ 
lefs  in  the  fcale,  than  if  he  did  not  fupport  it,  but  ooth  were  weighed  a- 
part,  and  their  refpeftive  weights  afterwards  added  together.    And  thus, 
lafUy,  if  a  glafs  or  water,  with  a  large  quantity  of  common  fait,  in  pow- 
der, be  balanced  in  the  fcale,  whilft  the  fait  gradually  dilTolves  and  be- 
comes one  body  with  the  water  s  yet  the  weight  here  will  not  be  diminifh'd 
as  the  fait  comes  to  be  fupported  by  the  fluid ;  but  both  together  will  gra- 
vitate, as  at  firft,  on  the  icaie  that  fuppons  them.                           1^  A- 
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PARADOX    in, 

-aJT  «  iody  h' wholly  J  thr  in  forty  immerfed  tehw  thie'furfdce  of  water,  its  lower 
fart  will  be  frejfed  ufwardiJy  the  water  contiguous  to  if,  from  beneath: 

• 

This  appears  from  the  fiift  experiment, ;    for,  where-ever  the  loweft 

part  of  tm  body  be,  in  either  ca(e,(iippofed,  ail  the  |Mirts  oiF  the  plain, 

wherein  it  refts,  are  preifed  upwards.    And  if  this  force  under  the  fobdy 

be  greater  than  that  wheirewith  it  tends  downwards,  'twill  buoy  it  up  \ 

but  if  the  bodv  be  ipecifically  heavier  than  water,  the  tendency  of  ttie 

*  contiguous  fluid  &om  beneath  upwards,  proves  only  ineflfedhial  WTaife  or 

Support  it,  but  is  by  DO  means  deftroy'd ;  the  heavy  body  being-coifftaritly 

re(med  and  retardra  by  the  water,  as  it  would  be  in  a  pair  of  iodes^ 

were  it  hui^  at  one  end,  and  an  equal  bulk  of  water  at  the  other  end  of 

^tfaebeam. 

>The  fame  truth  is  farther  manifeft  from  the  third  -experiment ;  fer,' 

i%.ia         Ifthetube^  wherein  the  water  is  fuipended,  be  plung^  deeper  into  the 

C        oil ;  or,  if  more  oil  be  poured  into  the  veifel ;  the  water  in  die: tube,  will 

rife  the  higher  i*  which  could  not  happen,  unleis  the  oil,  tho' fpeciiically 

lighter,  prefled  againft  the  lower  fuftace  of  the  water  more  forcibly  than 

the  water  tends,  by '  its  gravity,  downwards.    And  even  when  the  two 

fluids  balance  each  other,  the  oil  continually  prefles  upwards  aeamft  the 

lower  fiirface  of  the  water ;  for  herein  conufls  its  cbnftant  temhmce  to 

the  perpetual  endeavour  of  the  water  to  defoend.    And  fince  the  fame 

phenomenon  happens^  whether  the  water  be  fufpended  in  oil,  -  or  *  vice 

verfay  the  proportion  holds  equally  true,    let  the  body  be  fpecifically 

<  iieavier,  or  lignter  than  the  fluid  wherein  it  is  immerfed. 

SCHOLIA. 

1.  That  water  malces  a  refiftance  to  bodies  which  fink  therein,  is  thus 
demonftrated.    Suppofe  the  pipe  E  F,  contains  oil  of  cloves,  or  any  other 

Vg-r.  oil,  that  is  fpecifically  heavier  than  water;  that  the  oil  in  the  tube,  and  the 

external  water  are  in  equilibrium  ;  and  laftly,  the  pipe  to  be  (lowly  rai- 
fed  towards  the  top  of  the  vefiel :  'tis  evident,  that  drops  of  oil  will,  du- 
ring the  tube's  afcent,  fall  fjoni  the  bottom  thereof  to  that  of  the  glafs  ; 
but  much  more  flowly  than  if  they  fell  in  the  fame  manner,  thro'  air. 

2.  To  compute  the  quantity  of  preffure  againft  the  lower  parts  of  a 
drop,  fuppofe  it  to  be  G,  touching  the  plain  H  I ;  we  muft  dbfen^e,  that 
if  the  drop  of  oil  were  not  there,  its  place  would  be  fupplied  by  an  equal 
bulk  of  water  ;  which  being  of  the  fame  fjjecific  gravity  with  the  reft  of 
the  fluid  in  the  veflel,  the  furface  HI,  would  be  every  where  equally 
prcfled  ;  and,  confequently  no  part  thereof  be  difplaced.  But  the  drop  of 
oil  being  heavier  than  an  equal  bulk  of  water,  that  part  of  the  furface 
whereon  it  refts,  is  more  prefled  than  any  other  equal  part  of  the  fame  ; 
and  therefore,  will  give  way  to  the  defcending  drop.  And  as  this  muft 
be  the  cafe  in  all  the  other  furfaces  as  well  as  in  H  I,  the  drop  will  conti- 
nue 
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nue  falling,  till  it  arrives  at  the  bottom  of  the  glafs.  And  if  the  drop  G,  Statics. 
were  not  IpecificaUy  heavier  than  water,  but  barely  equal  thereto,  the  con-  Ky^ 
tiguous  part  of  the  furfece  H  I,  would  be  no  more  preflfed  than  the  other 
equal  parts  thereof,  and,  confequently,  it  would  be  neither  deprelTed  nor 
raifed  ;  but  the  drop  G,  continue  in  the  fame  place  :  whence  we  conclude, 
with  Archimedes,  and  others,  that  a  body  immerfed  in  a  fluid,  of  the 
fame  fpecific  gravity  with  itfelf,  will  reft  at  any  aflignable  depth  therein. 
Since,  then,  if  the  drop  G,  be  of  the  fame  fpecific  gravity  with  water, 
it  will  neither  fink,  nor  emerge  ;  if  it  be  heavier,  'twill  only  fall  by  the 
weight  v; hereby  it  exceeds  an  equal  bulk  of  water ;  for  this,  alone,  is  the 
caufe  of  its  defcent,  the  other  being  wholly  refifted  by  the  water  ,•  and 
confequently,  it  lofes  in  the  water  the  weight  of  an  equal  bulk  of  water, 
weighed  in  the  air. 

3.  This  grand  theorem  is  thus  eafily  confirmed  by  experiment.  Hang  a 
piece  of  lead,  tied  to  an  horfe-hair,  from  one  fcale  of  an  exafl  balance, 
counterpoife  it,  and  fuffer  the  lead  to  fink  down,  and  hang  freely,  in  a  vef- 
fel  of  water;  and  you  will  find  the  former  counterpoife  much  too  heavy 
for  the  lead  ;  part  of  it,  therefore,  being  taken  away,  till  the  balance  be 
reduced  to  an  equilibrium,  *tis  eafily  feen  what  proportion  of  weight  is 
loft  in  the  water.  If,  then,  another  piece  of  lead  be  weighed  in  air,  where 
it  equals,  fuppofe,  12  ounces,  and  afterwards  be  hung  to  the  icale  by  an 
horle-hair,  as  the  former,  and  weighed  in  water,  you  may  conclude  that 
1 1  ounces,  (fuppofing  lead  to  be  to  water,  as  12  to  i)  put  in  the  oppofite 
fcale,  will  now  reduce  the  beam,  how  uneven  foever  it  might  hang  m  the 
air,  to  an  horizontal  pofition« 

COROLLARIES. 

I.  From  this  preffure  of  water,  againft  the  lower  furfacc  of  bodies  im- 
merfed therein,  may  be  deduced  the  caufe  why  light  fubftances  emerge 
to  the  top  thereof  5  which  has,  hitherto,  remainM  an  inexplicable  pheno- 
menon. Suppofing,  then,  a  pipe  almoft  filled  with  oil  of  turpentine  ;  if,  as 
in  our  firft  experiment,  the  lower  orifice  be  plunged  under  water,  tho*  not 
near  fo  deep  as  the  oil  is  high,  and  the  upper  end  be  gradually  unftopp'd , 
the  oil  will  fall,  in  drops,  from  the  bottom  ot  the  tube,  andprefently  emerge 
to  the  furface  of  the  waterj  notwithftanding  they  are  preffedas  well  down- 
wards, as  upwards  :  the  reafon  whereof  is,  that  the  upv^ard  tendency  of 
the  water,  contiguous  to  the  lower  furface  of  the  oil,  is  ftronger  than  the 
tendency  of  the  oil,  and  the  incumbent  water  downwards.  Thus,  when 
the  drop  G,  touches  the  two  parallel  plains  HI,  K  L,  'tis  evident,  that  fig,  7. 
the  lower  part  cf  the  drop  G,  is  more  preffed  by  the  water,  than  the  upper 
part  M,  becaufe  upon  the  whole  furiace  K  L,  there  is  only  an  unitomi 

freflfureof  the  water,  A  K  B  L,  whilft  uipon  all  the  parts  of  the  furface 
II,  there  lies   a  greater  quantity   ot  Water,  AHBI,  except  upon 
the  part  N,  where  the  oil  G,  beine  lighter  than  an  equal  bulk  of  water, 
and  expofed  to  a  greater  preffure  Irom  beneath,  than  its  own  gravity,  with 
that  01  the  incumbent  water,  can  refift;  it  muft  neceflarily  give  way,  and 
Vol.  IL  Q^  q  be 
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Statics,  bo  im{>9Ued  upwards.  And^  ts  the  fame  rea£»ung  holds,  tor  a  11  the 
\.^Y\J  pomts  in  its  afcent,  it  muft,  confequently,  be  driveo,  gradually,  to  the  Air- 
tace,  and  there  float.  Or^  in  other  words  i  when  any  b6dy»  fpeciiically 
lighter  than  water,  is  immerfed  in  that  fluid,  it  fuftains  the  preflure  of 
two  cdumns  of  water,  one  againft  its  upper,  and  the  other  againfl:  its 
lower  part :  and,  as  die  he'^ht  of  thefe  columns  muft  be  computed  £rcttii 
the  top  of  the  water;  the  lower  part  of  the  immerftd  body  is  pretfed  upon 
by  a  column  longer  than  that  which  predes  upon  the  upper,  by  the  thick*- 
nefs  of  the  body,  which,  therefore,  will  be  preiled  more  upwards  than 
downwards.  And  the  greater  di&rence  there  is  in  the  fpecific  gravities  of 
the  water,  and  the  body  madeufe  of,  the  fwifter,  ceteris  farHmSy  will  be 
the  aicent;  becaufe.of  the  grpater  preiTure  upofi  all  the  other  parts  of 
our  imaginaty  plain,  than  upon  that  which  is  contiguous  to  the  bottom  o£ 
the  afcending  body. 

1.  Hence,  alfo,  we  mav  folve  that  hydroftatical  problem;*  why  if  two 
cylindrical  pieces  of  wooa,  one  of  them  twice  the  lei^th  of  the  other,  be 
ptunged  to  aa  equal  depth  under  water,  and  thence  iu£fi(r'd  (o  emei^,  at 
1^.  7.  the  uime  time^  tiiie  longer  gains  the  top  before  the  fiioxter :;  ibr,  fii|^&  O  P, 

to  be  one  of  thciie  bodies,  and  two  feet  long,QjR,  the  .ci;ber,  and  one  feor, 
and  that  they  both  reft  upon  the  fame  plain,  parallel  to  the  upper  furfiice 
of  the  water,  and  three  feet  diftant  therefrom ;  there  will  be  a  lateral  prefV 
fure  of  the  incumbent  water  upon  the  lower  ends  of  each  of  thefe  bodies^ 
as  great  as  that  upon  the  eqval  parts  of  the  plain  whereon  they  reft  ;  but 
upon  tbe^upper  end  of  the  (boner  body  Q  R^»  there  will  prefi  a  column  of 
water  two  feet  high,  whilft  the  taller  r  O,  fuftains  only  a  pillar  of  ODue 
foot ;  (6  that  both  being  fpecifically  lighter  than  water,  they  will  be  im- 
peird  upwards;  but  the  column  confifting  of  one  foot  of  wood,  and  two 
teet  of  water,  will,  by  its  gravity,  refift  this  impulfe  more  than  that  which 
is  made  up  of  two  feet  of  wood,  and  but  one  of  water;  whence  the  rea- 
fon  of  their  unequal  velocities  is  evident. 

3 .  From  hence,  alfoj  we  may,  probably,  deduce  the  reafon  why,  in  di- 
ftilling  aromatic  oils,  with  water,  the  whitifli  liquor,  which  frequently 
comes  over,  long  continues  turbid ;  for  this  chiefly  proceeds  from  the  ex- 
ceeding minutenefs  of  the  drops,  whereof  it  confifts,  allowing  the  height  of 
the  water,  prefling  upon  the  upper  part  thereof,  to  be  almoft  as  great  as 
that  which  prefles  againft  the  lower,  fo  that  the  drops  are  raifed  but  very 
flowly,  tho'  they  will,  at  length,  emerge ;  efpecially  when,  by  their  frequent 
occurfions,  they  have  form  d  drops  of  a  larjger  fize. 

4.  From  this  prq)ofition,  it,  likewife,  follows,  that  all  bodies  floating 
upon  a  fluid,  fink  till  the  irimmerfed  part  be  exactly  equal,  in  bulk,  to  fuch 
a  quantity  of  the  fluid,  as  equals  the  whole  weight  of  each  body.     For 

jBf  •  ••  inftance,  if  V,  be  a  cubic  yard  of  wood,  6  pounds  in  weight ;  fince  'tis  hea- 

vier than  air,  it  will  fink  in  water,  fuppofe  to  the  plain  X  W,  where  it 
muft  neceflarily  reft  ;  for  all  the  other  equal  parts  ol  that  plain  XW,  be- 
ing prefled  upon  by  columns  of  water,  equal  ip  height  to  X  A,  if  the  whole 
weigl>t  of  the  cube  be  greatjsr  thgn  that  gi.  as  much  water  41$.  equals  the 
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immerfed  pait  thereof,  it  muft  fink  lower,  becaufe  the  fubjacent  part  at  V,    Statics. 
would  then  be  more  charged  thart  the  reft.     On  the  contrary,  if  the  cube  " 

were  lighter  than  the  water,  whpfe  place  the  immerfed  part  poffeffes,  it 
muft  by  the  greater  pteffure  of  the  water  upon  the  other  parts  of  the 
plain  XW,  than  upon  that  contiguous  to  the  wood  at  V,  be  impelled  up- 
wards, till  the  preifure  of  the  whole  cube  upon  the  part  that  fuftains  it,  be 
equal  to  that  of  the  water  upon  the  reft  of  the  plain ;  and,  confequently, 
be  the  fame  with  the  water,  whofe  place  the  immerfed  pa  it  poflefles :  the 
lightnefs  of  that  part,  in  refpeft  of  fo  much  water,  being  compenfated 
by  the  weiglit  of  what  remains  unimmerfed  above  the  level  of  the  water. 
Thus,  when  a  piece  of  wood  is  thrown  into  water,  tho'  the  moment  it  ac- 

Suires  in  falling,  carries  it  thro'  many  imaginary  plains  below  its  proper 
ation ;  yet  the  fuperior  preflure  to  which  each  of  thofe  plains  is  expofed 
in  all  other  pans,  but  in  that  contiguous  to  the  bottom  of  the  wood, 
prefently  impels  it  up  again,  till  at  length  it  refts  in  the  place  we  hare  af- 
lign'd  it. 

SCHOLIUM. 

This  ingenious  and  ufeful  propofition,  relating  to  floating  bodies,  is 
mathematically  demonftrated  by  Archimedes  and  his  commentators ;  and  may 
be  farther  manifefted  to  the  eye,  by  the  following  experiment.  Having 
poured  a  convenient  quantity  of  water  into  a  large  deep  glafs,  and  placed 
another  deeper,  that  was  properly  fliaped  for  fwimming,  within  it ;  we 
furnilh'd  the  latter  with  balaft,  a  deck,  and  other  parts  of  a  fhip,  till  it 
funk  down  to  fome  particular  marks  we  had  placed  on  the  outfide.  Then, 
obferving  how  high  the  water  reach'd  in  the  larger  veflel,  we  carefully 
placed  two  or  three  marks  in  a  level  with  the  horizontal  furface  of  the 
water ;  and  taking  out  the  floating  glafs,  we  wiped  the  outfide  dry,  and 
weighed  it,  with  all  its  rigging,  in  an  exaft  pair  of  fcales ;  and  afterwards 
pour'd  an  equal  weight  <*  water  into  the  large  glafs,  which  we  found 
reached  up  to  the  marks  whereto  our  counterfeit  ftiip  had  raifed  it.  This 
experiment  we  feveral  times  repeated  in  veifels  of  different  fizes,  fhapes, 
and  lading.  From  whence  it  appears,  that  the  floating  veffel,  with  all  it 
contained  and  fupported,  was  equal  in  weight  to  the  water,  whofe  bulk 
equalled  the  immerfed  pan  of  the  veflfel,  had  it  been  cut  off  from  the  other, 
by  a  plain  continued  from  the  horizontal  furface  of  the  water.  This  theo- 
refti,  with  what  we  have  brought  to  confirm,  or  illufbate  it,  may  be  ap- 
ply'd,  nmtatis  mutandis,  to  a  fhip  with  all  her  rigging  and  lading ;  for  'tis 
univerial,  that  the  weight  of  a  floating  body  equals  tlwt  of  the  water,  whofe 
fpace  the  immerfed  part  poffeffes.  And  hence  the  learned  Stevimss  fbme- 
where  fays,  that  a  whole  fhip,  with  whatever  belongs  to  it,  preffes  no 
more  upon  the  bottom  it  floats  over,  than  a  bulk  of  water  equal  to  the 
immerfed  pan  of  its  hull. 

(Iq  a  PARA- 
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PARA  DO  Xjltpr. 

A  cmfetent  freffure  of  an  external  fluids  is^^  Mkfie^Jiifficiem  te  raife  the  water 

in  fumfs. 

The  truth  of  this  propofinon  may  ametr  fix>m  the  preceding  expeii* 
Bients;  however^we  fliall  give  it  a  £irtner  illuftration  and  proofs  as  follows. 

&ick  deeply  tinged  water  into  a  flender  glals-pipe,  to  the  height  of  an 
inch ;  and  nimbly  flopping  the  upper  orifice,  inunerie  the  lower  end  into  a 
glais  half  fiU'd  with  the  fame  tinged  liquor,  till  the  fmface  of  tint  in  the 
pipe  be  an  inch  below  the  top  of  die  eitemal  fluid ;  next,  pour  (»1  of  tur- 
pentine there(»i,  till  it  fwim  three  or  fiMir  inches  above  the  water )  when 
eafing  your  finger,  gently,  from  the  upper  orifice  of  die  pipe,  to  admit  a 
communicarion  between  the  internal  and  external  air,  the  Uquor  in  the 
tube  will  be  impelled  up  almoft  as  h^h  as  the  fiirfiice  of  die  external  oiL 
Now,  it  cannot  here  be  pretended,  that  the  afcent  of  the  liquor^  in  the 
pipe,  is  owing  to  nature's  abhorrence  of  a  yacnum ;  fince,  as  the  pipe  is 
niU  of  air,  and  its  orifice  open,  there^s  no  danger  of  a  Vactaim^  tW  the 
water  did  not  rife ;  the  air  and  water  remaining  contiguous  as  before. 
The  true  reafbn,  then,  of  this  afcent,  is,  that,  upon  all  the  other  parts  of 
the  imaginary  pkin  cutting  the  immerfed  end  of  the  tube,  there  is  a  pref- 
fure  of  water  and  oil  fwimming  thereon,  equal  to  feur  or  five  inches  hei^ 
of  water ;  whilft,  upon  that  part  where  thd  liquor  contained  in  the  pipe 
xefls,  there  is  <mly  the  prefTure  of  one  inch  of  water ;  whence  the  parts 
near  the  immerfed  orifice,  muft  be  neceffarily  thrufl  out  of  their  places  by 
thofe  of  the  water  that  are  more  prefTed,  till  fo  much  liquor  be  forced  up 
into  the  pipe,  as  makes  the  prefTure  on  that  part  of  the  imaginary  plain 
equal  to  that  of  every  other  luch  part ;  when,  the  water  will  rife  no  far- 
ther, but,  by  reafon  of  the  equilibrium,  reft  a  htde  below  the  furface  of 
the  oil ;  the  fpeciiic  gravity  or  this  being  lefs  than  that  of  water.  In  like 
manner,  it  may  happen  in  pumps ;  for  as  the  oil  of  turpentine,  tho*  lighter 
than  water,  by  refKng  upon  the  furface  of  the  external  fluid,  forces  up 
the  liquor,  within  the  pipe,  far  above  the  external  water ;  fb  the  air,  tho* 
lighter  than  oil  of  turpentine,  reaching  to  the  height  of  many  miles,  and 
refting  upon  the  water  in  a  well,  will  prefs  that  water  up  the  cylindrical 
cavity  oi  a  pump,  much  higher,  if  all  impediments  were  removed,  than 
the  furrounding  water.  Now  the  obftacle  here  is  either  the  fucker,  or  the 
prefTure  of  the  external  air ;  the  whole  ufe  of  the  fucker  is,  therefore,  to 
free  the  water  in  the  pipe  from  any  impediment  to  its  afcent ;  as,  in  our 
experiment,  the  fides  of  the  tube  fufficiently  defend  the  water  therein  from 
any  prefTure  of  the  external  oil  that  might  obflruft  its  rifing.  Lattly,  as 
the  liquor  in  our  pipe  was  forced  up,  till  the  cylinder  raifed,  became  a  ba- 
lance to  the  prefTure  of  the  water  and  oil  on  the  outfide ;  fb  in  pumps,  the 
water  rifes  but  to  a  certain  height,  viz^  thirty-three,  or  thirty-four  feet, 
beyond  which  it  cannot  be  impelled ;  becaufe  at  that  ftandard  the  prefl'ure 
of  the  water  in  the  pxunp  upon  that  pan  of  the  imaginary  plain  wherein  its 
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lower  orifice  lies,  is  the  &mc  with  that  the  other  equal  parts  thereof  fuftain.  Statics 
from  fo  much  of  the  ext^nal  water  and  atmofphere  as  refts  thereon.    And 
this  may  fuffice  to  fliew.  that  nothing  more  than  a  competent  weight  of 
an  external  fluid,  fuch  as  the  air,  is  requifite  to  raife  the  water  in  pumps. 

SCHOLIUM. 

For  a  farther  confirmation  of  this  propofition,  and,  at  the  fame  time, 
to  fhew  that  a  fmall  quantity  of  quick-filver  may  be  fufpended  in  an  open 
tube ;  I  fhall  here  offer  another  experiment.  Having  fuck'd  into  the  lower 
end  of  an  open  glafs-tube,  the  diameter  of  whofe  bore  was  above  the  fixth 
of  an  inch,  near  half  an  inch  height  of  quick-filver,  and  nimbly  flopped  the 
upper  end  with  my  finger ;  I  plunged  the  mercury  into  a  deep  glaJLs  of  oil 
of  turpentine,  being  careful  not  to  open  the  upper  orifice,  till  the  quick- 
filver  was  funk  eighteen  or  twenty  times  its  own  height  below  the  furface 
of  the  oil ;  after  which,  it  remained  fufpended,  while  the  tube  continued  un- 
ftopped :  and  as  if  I  raifed  it  towards  the  upper  furface  of  the  oil,  it  would 
drop  out ;  fo  if  I  depreffed  it  deeper  into  tliat  fluid,  it  would  be  impelled  high- 
er up  into  the  pipe :  and,  by  this  means,  fo  ponderous  a  body  as  mercury, 
was  made  fbmetimes  to  rife,  and  fometimes  to  fall,  but  ftill  to  continue  fup- 
ported  by  a  liquor  fpecifically  lighter  than  common  fpirit  of  wine.  This 
experiment,  however,  may  eafily  mifcarry,  unlefs  great  care  be  ufed ;  and, 
after  all,  the  oil  will  foon  infinuate  itfelf  between  the  fides  of  the  pipe,  and 
fo  fliort  a  cylinder  of  mercury ;  for  which  reafon,  I  here  prefer  water  to 
oil  of  turpentine. 

COROLLARY. 

Since  a  cylinder  of  mercury,  about  thirty  inches  high,  is  equal  in  weight 
to  one  of  water,  about  the  height  of  thirty-three,  or  thirty-iour  feet ;  tis 
evident,  that  the  preffure  of  the  external  air,  which  can  raife  and  fufpend 
that  height  of  water,  will  do  the  fame  to  the  proportionable  one  of  mer- 
cury, in  the  Torricellian  experiment. 

PARADOX    V. 

The  frejfure  of  an  external  fluid  will  keep  an  heterogeneous  liquor  fufpended  at  the: 

fame  height^  in  tubes  y  very  different  borei. 

Pom:  a  fufficient  quantity  of  deeply  tinged  water  into  a  clear,  deep,, 
wide-mouthy  glafs,  and  clofe  it  with  a  broad,  thin  cork,  wherein  various, 
round  holes,  of  different  magnitudes,  have  been  burnt ;  into  each  of  which 
you  may  thruft  an  open  glafs-tube  of  a  correfponding  fize,  fo  that  they 
may  ftand  parallel  to  one  another,  and  perpendicular  to  the  furface  of  the 
fluid,  wherein  they  are  immerfed.  Befides  thefe  holes,  another  aperture* 
muft  be  made  in  the  cork,  to  receive  the  fmall  end  of  a  glafs-funnel,  by 
means  whereof,  oil  may  be  conveyed  into  the  veflel,  when  ftoppcd ;  ana ' 
in  the  flender  part  of  this  funnel,  'tis  proper  to  place  fome  cotton,  to  break 
the  force  of  the  defcending  oU^  which  might  otherwife  fruftrate  the  expe-- 

rimcnt* 
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Itattcs.  rimcnt.  Things  being  thus  prepared,  pour  oil  of  terpentine  thro*  the  fun- 
XY^SJ  nel,  till  the  tinged  water  be  prefl'ed  up  into  all  thcpipes,  and  rife  to  a  con- 
(iderable  height  therein,  above  the  lower  furface  ot  the  oil ;  when,  you'U 
plainly  perceive  the  liquor  to  ftand  at  the  fame  level,  both  in  the  greater 
and  fmaller  tubes,  while  in  each  it  is  plainly  fuftain'd  at  that  height 
above  the  other  water,  by  the  preflTurc  of  the  external  oil ;  which  being 
Ipecifically  lighter  than  water,  its  furface  will  remain  fomewhat  higher  on 
the  outfide  of  the  tubes,  than  the  tinged  water  they  contain.  And  if,  by 
means  of  a  fyphon,  appfy'd  in  the  place  of  the  funnd,  the  oil  be  gradually 
drawn  oft' from  the  water ;  as  the  depth  and  preffure  of  the  fame  decreafes, 
the  liauor  in  all  the  pipes,  both  great  and  fmall^  will^adually  fubfide. 
!«•  9*  For,  uippofe  E  F,  the  furface  of  the  water  within*(ide  pfthe  tubes,  as  well 
as  without  them,  before  any  oil  fwims  upon  it ;  the  lightnefs  of  that  fluid, 
compared  to  water,  will  prevent  it,  when  pour*d  thereon,  from  getting 
into  the  cavity  of  the  pipes  L,  M,K  :  and,  therefore,  rifing  on  the  outfide 
thereof,  it  muft,  by  its  eravity,  prefs  the  water,  and  impel  it  up  mto 
them.  And  if  the  upper  furface  of  the  oil  reach  to  GH,  and  that  of  the 
water  defcend  to  IK  j  by  means  of  the  quantity  of  oil  made  ufe  of,  the 
liquor  in  the  pipes  oi:^ht  to  have  its  feveral  up[>er  fur&ces  in  the  fame 
level  with  each  other,  notwithftanding  the  great  inequality  of  thdr  bores ; 
fince  that  part  of  the  plain  I K,  whereon  refts  the  circular  orifice  of  the 
largeft  tube  L,  is  no  more  prelfed  by  the  incumbent  water,  tluui  any  other 
equal  part  of  the  fame,  is  by  the  oil  it  iuftains ;  the  oil  having  oiily  an 
additional  height  on  the  plain  IK,  to  balance  the  preffure  of  the  liquor  in 
the  pipe.  And  tho*  the  tube  L  were  twice  its  prefent  bignefs,  twoiild 
but  prefs  the  fubjacent  plain  I K,  equally  with  the  oil  on  the  other  equal 
parts.  Nor  ought  this  preffure  of  the  external  oil  to  raife  the  water  in 
the  (lender  pipe  N,  above  the  furface  Q^  in  the  fame  level  with  O ;  for 
were  the  liquor  higher  in  the  fmall  pipe,  it  muft  prefs  that  part  of  the  plain 
I K,  whereon  it  refts  with  a  force  fuperior  to  that  of  the  oil  upon  the 
other  parts  of  I K,  which  is  greater  than  the  oil  could  refift ;  whence,  con- 
fequently,  the  liquor  in  the  flender  pipe,  muft  fubfide,  till  its  furface  fall 
below  that  of  the  external  oil ;  for,  till  then,  the  different  fluids  cannot  reft 
in  equilibrium.  In  a  word,  it  matters  not  how  wide  the  cylinder  of  water 
be,  which  the  oil  is  to  fupport,  provided  it  rife  no  higher  than  the  diffe- 
rence in  the  fpeciiic  gravities  of  the  two  fluids  will  admit  of ;  for  in  this 
cafe,  the  preflure  of  water  on  the  fuftaining  part  of  the  plain,  will  be 
equal  to  the  preffure  of  the  external  oil  on  all  the  other  parts  thereof; 
and,  confequently,  the  two  liquors  muft  remain  perfedHy  balanced. 

SCHOLIA. 

I.  It  may  here  be  obferv'd,  that  there^s  no  neceffity  the  glafs-tubes 
L,  M,  N,  Ihould  be  of  the  fame  length  ;  fince,  as  their  lower  orifices  are 
open,  the  liquor  will  rife  to  the  fame  height  within  them,  tho*  they  lie  not 
in  the  fame  plain  below  the  water. 

1.  We 
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1.  We  all  along  fuppofe,  and  particularly  in  the  laft  experiment,  that  Static 
the  fmalleft  glafs  tubes  employed  are  of  a  moderate  (ize,  and  not  exceeding  V./'VN 
narrow  ,•  or,  in  cafe  they  are,  that  allowance  be  made  for  the  property  of 
water's  rifing  in  them  to  a  greater  height,  than  can  be  attributed  to  the 
balance  either  of  water  or  oil,  that  keeps  it  there  fufpended 

P  A  R  A  D  O  X    VI. 

7%e  direSl  prejfure  fuftain'd  by  a  body^  placed  any  vyhere  under  water ^  with  its 
upper  Surface  paral/el  to  the  horizony  is  that  of  a  column  of  water,  whofe  bafe 
is  the  horiz^ontal  fuperficies  of  the  body,  and  height  the  perpendicular  depth  of 
the  water ;  and  if  the  water  prejjing  upon  a  body,  be  contained  in  open  tubes ^ 
its  prejfure  is  to  be  eftimated  by  a  column  of  the  fame,  the  bafe  whereof  equals 
the  lower  orifice  of  the  pipe,  and  height  a  perpendicular  from  thence  to  the  top 
if  the  water :  and  this,  tho*  the  pipes  ftand  obliquely,  be  irregularly  Jhdpea^ 
or  wider  in  fome  parts  than  the  f aid  orifice. 

The  former  part  of  our  propofition  we  might,  with  Stevinus,  make  more 
generaL  and  thus  demonftrate.  Suppofe  A  B  C  D,  a  folid  reftangular  fi-  Ttg,  lo. 
giure  01  water,  whofe  bafe  DC,  is  parallel  to  the  horizon,  and  height  GE, 
a  perpendicular  let  fall  from  the  upper  to  the  lower  fur  face  of  the  water ; 
if  that  part  of  the  bafe  E  F,  be  charged  with  more  water  than  G  E  F  H, 
the  overplus  muft  come  from  the  adjacent  water  s  fuppofe  it  then,  if  pofll- 
ble,  to  come  from  AGED,  and  H  B  C  F  :  then,  for  the  fame  reafon,  the 
bafe  D  E,  will  have  more  water  incumbent  thereon  than  AGED;  and 
the  like  may  be  faid  of  FC,  whence  the  whole  bafe  DC  will  fuftain  a    ^ 

greater  weight  than  that  of  the  whole  water  A  B  C  D,  which  is  abfurd. 
y  the  like  realbning,  we  prove  that  the  bafe  D  C,  fuftains  no  lefs  a  ^^eight 
than  that  of  the  water  GH  FE  ^  fince,  then,  it  fuftains  neither  a  greater 
weight  nor  a  lefs,  than  the  cohimu  of  water  G  H  F  E,  it  muft,  exa^y 
fuftain  the  fame. 

To  this  demonftration,  we  fhall  annex  fenfible  experiments,  to  confirm 
and  illuftrate  each  part  of  our  propofition.    Firft  then,  fuck  oil  of  turpen-  Ttg,  iw^ 
tine  into  a  flender,  glafs  fyphon,  till  it  fill  the  fliorter  leg,  and  rife  two  or 
three  inches  high  in  the  longer ;  then  nimbly  ftop  the  upper  orifice  with 
your  finger,  and  plunge  the  lower  part  of  the  fyphon  into  a  deep  glafs  of 
water,  till  the  furface  of  the  oil  in  the  longer  leg  rifes  but  little  higher 
than  that  of  the  external  water,  and  upon  removing  your  finger,  the  ftir- 
face  of  the  oil  will  either  intirely,  or  almoft,  preferve  its  former  ftation ; . 
when  if  the  fyphon  be  immerfed  deeper,  the  oil  in  the  (horter  leg;  will  be 
deprefs'd ;  but  upon  gently  raifing  the  fyphon  towards  the  top  ot  the  wa- 
ter, it  will  exceed  its  former  ftation,  gradually  flow  out  in  drops,  and 
emerge  to  the  furface.    Now,  fince  the  water,  at  firft,  kept  the  oil  in  the  ^ 
longer  leg,  fufpended  no  higher,  than  it  would  have  been  by  a  cylinder  of" 
water,  equal  in  bafis  to  the  orifice  of  the  fliorter  leg,  and  reaching,  in 
lene;th,  from  thence  to  the  top  of  the  water,  as  may  be  eafily  fecn  m  a . 
fyphon  with  legs  fufficiently  long ;  and  fince^  when  by  raifing  the  fyphon^ , 

the: 
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Statics,  tfe  height  of  the  incumbent  water  was  diminifli'd,  the  oil  oirer^balanced 

j^V\J  the  water,  and  run  out ;  it  may  be  fiiirly  concluded,  that  tho'  much  of  the 

water  in  the  veflel,  lay  .higher  than  the  immerled  orifice  of  the  fyphon,  yet 

no  more  gravitated  thereon,  than  what  ftood  direftly  over  it ;  that  is,  fuch 

a  column  as  our  paradox  requires. 

COROLLARY. 

it  follows  from  hence,  that  water  may  prefs  as  regularly  upon  an  im- 
ixnerfed  body,  when  not  reftrained  by  pipes,  as  when  included  in  them ;  we 
jnay,  therefore,  pr(^rly  conceive  a  particular  column  of  water,  tho'  it 
has  no  a£bial  bounds,  in  an  unlimited  quantity  of  the  fame  fluid. 

The  firft  part  of  our  paradox  holds  equally  true,  whether  the  incumbent 
water  be  free  or  confined  in  veffels  of  any  irregular  fliape*  Thus,  tho'  the 
fliorter  leg  of  the  fyphon  be  fifhion'd  into  a  funnel,  and  filled  with  water, 
the  oil  in  the  other  leg  will  refifl:  the  preffure  thereof,  fo  that  the  furface 
of  the  oil  in  the  longer  leg  will  rife  but  little  above  that  of  the  water  in  the 
funnel.    For  farther  confirmation  hereof,  we  try'd  the  experiment  in  a 

%•  **•  fyphon;  in  one  1^  whereof,  a  glafs  fphere  was  made  to  communicate 
with  the  upper  parts  of  the  fame.  Into  the  uniform  leg  of  this  fyphon,  we 
poured  a  proper  quantity  of  oil  of  turpentine,  and  fill'd  the  lower  and  elo- 
DUlar  part  of  the  other,  with  water;  which  proved  infufficient  to  fu&in 
the  oil  at  a  greater  height,  than  if  this  leg  al(b  had  been  unifimn :  all  the 
water  in  the  fpherical  cavity,  which  fell  not  dire£Uy  over  the  lower  orifice 
thereof,  being  fupponed  by  the  fides  of  the  fame.  And  when  the  irre- 
gular 1^  was  fill  a  with  oil,  and  the  other  with  water,  the  former  fluid 
would  not  fuftain  the  latter  to  an  equal  height,  notwithftanding  its  excefs 
of  quantity  contained  in  the  concave  fphere.  To  clear  up  this  matter  flill 
farther,  we  poured  mercury  into  the  fyphon  ABCD,  till  it  almoft 
leachM  the  bottom  of  the  globular  part,  in  the  (horter  leg,  and  to  an 
equal  height  in  the  longer ;  then  lettmg  a  proper  quantity  of  water  run 
into  the  longer  leg,  it  impelled  the  mercury  in  the  fhorter  leg,  till  it 
more  than  half  filled  the  cavity  of  the  fpherical  pan  E,  the  tube  A  B, 
not  proving  fufficiently  long  to  allow  of  its  being  quite  fiil'd ;  when,  we 
obferv'd  the  furface  oi  the  quick-filver  H  G,  to  lie  as  high  as  the  different 
fpecific  gravities  of  the  two  fluids  reguired :  fo  that  notwithftanding  the 
great  weight  of  the  mercury  contain'cl  in  the  concave  fphere  E,  no  more 
prefled  upon  the  fubjacent  flender  part  of  the  leg  EC,  than  flood  dircftly 
over  its  lower  orifice:  whence  the  water  in  the  leg  AB,  appeared  prefs 'd 
only  as  much  as  if  the  leg  C  D,  had  been  uniform,  and  without  the  fpheri- 
cal cavity  E.  And  thus,  if  the  fphere  had  been  made  larger,  a  fmall 
quantity  of  water  in  the  leg  A  B,  would  have  fomewhat  raifed  a  much 
greater  weight  of  mercury  than  its  own. 

%.  IS*  The  fecond  part  of  our  prefent  propofition  is  proved  thus.     We  took 

three  open,  glafs  pipes,  of  the  irregular  figures  in  tlie  fcheme,  and  plunged 
them  in  a  glafs  veffel  of  water,  the  two  crooked  ones  ftanding  very  ob- 
lique to  the  upper  furface  thereof,  and  the  higher  ends  of  them  all  comii^g 

thro* 
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thro*  particular  ftrait  holes  made  in  a  cork  fitted  to  the  vtSd*s  mouth.  Static^. 
whilft  the  water  afcended  to  a  certain  height,  thro'  the  lower  orifice  of  Ky^ 
every  pipe ;  then  pouring  a  confiderable  quantity  of  oil  of  turpentine  thro' 
a  funnel,  into  the  veflel,  the  water  was,  thereby,  impelled  to  the  fame 
height,  of  two  or  three  inches,  into  the  feveral  tubes  :  wnence  'tis  apparent, 
that  notwithftanding  the  irregularity  of  ihape  in  the  pipes,  and  the  different 
widenefs  in  each  of  their  bores,  the  preflure  of  the  contain'd  water  upon 
their  lower  orifices  did  not  exceed  that  of  five  cylinders  of  the  fame,  with 
each  of  thofe  orifices  for  bafes,  and  the  perpendicular  depth  of  the  water 
and  oil  therefrom  for  their  height.  For  had  each  of  the  pipes  contain'd 
only  fuch  a  cylinder,  its  upper  fur&ce  would  have  ftood  at  the  fame 
height ;  and  if^it  did  not  deprefs  the  fubjacent  fluid  as  much  as  the  exter- 
nal force  tended  to  raife  it,  that  excefs  of  prefTure  muft  have  impelled  it 
higher.  Since  then  the  water  rofe  to  the  fame  height  in  the  feveral  pipes, 
tho'  two  of  them,  being  greatly  inclined,  contained  mudi  more  water 
than  if  they  had  ftood  ere£t ;  by  a  like  way  of  reafbning,  we  may  con- 
clude, that  the  imaginary  plain  cutting  their  immerfed  ends,  fuftain'd  no 
greater  preffure  than  that  of  a  Ihorter,  creft  cylinder  of  water.  For  in  all 
cafes  where  the  pipe  is  either  inclined,  or  wider  in  one  part  than  in  another, 
the  weight  of  the  liquor  it  contains,  is  not  whoHy  fuppcHted  by  the  body 
contiguous  to  the  lower  orifice,  but  in  fbme  meaiure  by  the  fides  of  the 
pipe.  Thus,  wiien  oil  of  turpentine,  in  a  flender  tube,  balances  the  pref- 
lure of  the  external  water,  if  the  tube  be  barely  inclined  to  the  (iaes  of 
the  containing  glafs,  a  confiderable  quantity  of  water  will  get  qp  into  the 
ipipe ;  becaule  me  oil  no  longer  refting  wbo%  upon  the  water,  ihut  partly 
upon  the  tube,  its  preiTare  on  the  water  is  diminiflied,  while  that,  conti- 
nuing its  force,  impels  up  the  oil,  and  intrudes  it  into  the  pipe  ;  which  be- 
in£  reftored  to  a  perpendicular  pofition,  the  oil  will  again  d^refs,  and 
drive  tjbe  water  out  of  its  cavity.  We  farther  caufed  three  pipes  to  be  ^g-  >4« 
l>kyw!n  .differently  from  the  former,  and  filled  their  winding  and  irregular 
^rts,  as  alfb  their  uniform  ftems,  to  a  proper  height,  with  oil  of  turpentine ; 
we  then  plxmg'd  them  to  a  due  depth  under  water,  and  there  unfbppiqg 
their  upper  ends,  the  furface  of  the  oil  they  contained  appealed  at  the 
£uneiieight  above  the  water,  it  would  have  done  had  the  tubes  been  fb^it ; 
as  we  found  by  a  cylindrical  one  fill'd  and  immerfed  as  the  reft ;  tho'  the 
quantity  of  oil  in  one  of  thefe  pipes  were,  perhaps,  thrice  as  great  as  that 
in  the  ftrait  one.  Hence  we  may  fairly  conclude,  that  the  preflfure  of 
Buids  contain'd  in  pipes,  muft  be  computed  by  their  perpendicular  height,  ^ 
how  vnde,  long,  or  irregular  ibever  oiey  are. 

SCHOLIUM. 

The  kaxned  Steviim  has  a  coiXiUary  i£rom  the  preceding  propofition,  to 
-this  purpofe.  If  thro'  the  upper  fumce  of  a  concave  cylinder,  an  open, 
cylinmical  tube  be  ereftedperpendiculaily,  and  the  whole  united  cavity  of 
bloth  fill'd  with  water,  the  bottom  circle  will  fuftain  a  preflure  equal  to  that 
qf  a  cylinder  of  water,  whofe  bafis  is  that  of  the  veflel,  and  height  that  of 
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Statics,  the  tube  therefrom.  The  truth  of  this  paradox  we  attempted  to  tiy  in 
the  following,  manner.  Having  provicled  a  latton  velTcl  ABEHGF, 
fumiih'd  with  a  falfe  wooden  bottom  C  D,  which  was  cover 'd  with  a  fine 
bladder,  and  oiled  about  the  lower  edges^  to  facilitate  its  rifing  from  the 
rim  of  wood  H  G,  that  lay  every  where  contiguous  to  the  infide  of  the 
metal,  and  kept  the  water  firom  paffine  between;  to  the  middle  of  this 
loofe  bottom  we  aUb  &ften'd  a  ftron:^  &ing,  which  came  out  at  the  orifice 
A.  Thro'  this  orifice  we  then  pour'd  in  water,  which  preffing  the  falfe 
bottom  C  D,  helped  to  tighten  the  veflel,  and  keep  its  parts  dole.  When 
the  whole  cavity  was  fiU'd,  we  faften'd  the  upper  end  of  the  firing  A,  to 
the  beam  of  a  balance,  and  gradually  placed  weights  in  the  oppofite  fade, 
till  they  elevated  the  falfe  bottom  C  D,  fipm  the  rim  H  G,  and  confe- 
qiiently  lifted  the  incumbent  water^  which  foon  ran  down  between  them. 
Kow,  we  had  before-hand  found  what  weight  fuSiced  to  raife  the  bottom 
CD,  alone;  deducting  that,  therefore,  from  the  weight  in  the  fcale,  and 
comparing  the  remainder  with  the  weight  of  as  much  water,  as  the  (hallow 
cylinder  %  £  C  H  Q  O  Fj ;  would,  alone,  without  taking  notice  of  t;hat  in 
the  pip^  A  B,  contain ;  we  found  the  preiTure  upon  C  D,  fb  vaftly  greater 
than  coiild  be  attributed  to  the  whole  quantity  of  water  made  ufe .  of,  had 
'  it  been  contained  in  an  uniform  cylinder  of  the  fame  bafis  with  our  inftru- 
ment,  that  we  thought  it  fome  {mail  confirmation  of  Stevimfs  dodbine ; 
tho*  the  paradox  itfelf  be  grpatly  qi^ftion'd  by  fome  men  of  learning  '^. 

applicable  to  coofiderable  purpofes;  at  it 
(news  ut  how  an  ezceading  UBall  qaan- 
ticy  of  matter  mKj  be  made  to  fapply  the 
place  of  one  infinitely  Urger. 

Thus,  for  infiance,  if  the  tube  jf?^.  17. 
A  B,  of  the  inverted  fyphoa 
ABCD,  were  clofe  Ihut,  and  the  fmall 
pipe  CD,  fiU'd  with  Water  to  D,  that 
little  quantity  C  D,  would  exert  fuch  a 
force  upon  the  larger,  ABC,  that  if  the 
cover  ot  the  great  orifice  were  perforated, 
the  water  would  be  made  to  fly  out  there- 
at, as  violently,  as  if  part  of  the  little 
tube,  C  D,  contained  as  much  water,  as 
the  great  one  A  B. 

Again,  if  two  cylindrical  emboli  were 
fitted  to  the  tubes  A  B,  and  C  D ;  the 
weights  laid  upon  them  would  be  balan- 
ced, provided  they  were  proportionable  to 
the  capacity  of  the  tubes ;  that  is,  fup- 
pofe  ttie  capacity  of  the  tube  A  B,  was 
four  times  greater  than  that  of  C  D,  one 
pound  laid  upon  the  little  embolus  would 
balance  the  force  of  four  pounds  upon  the 
greater.  And  thefe  experiments  might  be 
varied  infinite  ways*  See  Clark*.AiinQU  in 
RfibauU*  p.  41% 
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^  Tis  now  an  eftaUiQiM '  propofition, 
that  fluidi  prefi  not  airoordin^  to  their 
qoantity,  but  perpendicular  akitode;  and 
may  be  demooftrated.  thus. 

Let  ABCDF£,  be  a  veflel  full  of  wa- 
ter. Now  the  column  B  F,  beinjg  heavier 
than  the  column  HG,  'tis  plain  that  if  the 
veffel  were  open  at  H,  the  column  GH, 
would  afcend  till  it  balanced  the  column 
BF  :  but  fince  it  cannot  afcend  at  H»  the 
water  there  mud  be  prefs'd  back  by  the 
obfiacle,  with  a  force  equal  to  the 
weight  of  BL;  for  a£^ion  and  re-a£lion 
are  equal;  and  all  preflure  here  being 
reciprocal,  the  water  at  G,  will  prcfs  a- 
gainft  the  bottom  of  the  veflcl  with  the 
Ijime  force.  Now»  as  the  weight  of  the 
column  GH,  is  added  to  the  former,  the 
force  of  the  water's  prefTure  at  G,  will 
be  the  fame,  as  if  the  column  GH  were 
of  equal  height  with  the  column  FB,  that 
is,  as  if  it  reach'd  to  M.  And  the  fame 
reafoning  is  applicable  to  all  the  other 
columns  m  the  vefTel ;  confequently,  the 
bottom  of  it  £  D,  will  luftain  the  fame  pref- 
fure,  as  if  the  vcflel  were  fiU'd  up  to  NO. 

This  furprizing  property  in  fluids  feems 
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Statics. 

P  A  R  A  D  O  X    Vn. 

A  hdy^  immerfed  in  a  fiuid,  fuftains  a  lateral  prejfure  therefrom  ;  which  increa- 

fes  uith  the  depth  whereto  *tii  plunged. 

Bend  a  fmall  glafs  tube  at  right  angles,  into  a  longer  and  a  fliorter  part  ,•  f/^.  ,8. 
then,  by  fudion,  draw  up  oil  of  turpentine  enough  to  fill  the  (horter, 
and  to  rife  two  or  three  inches  high  in  the  longer  ;  nimbly  ftop  the  orifice, 
and  immerfe  the  lower  end  of  the  tube  underwater ;  fo  that  the  longer  leg, 
E  F,  may  ftand  perpendicularly  to  the  furface  A  B,  and  the  furface  of  the 
oil  I  K,  but  a  little  above  the  fame  A  B  ;  when,  if  the  tube  be  unftopp'd 
at  E,  the  oil  will  continue  as  it  was,  and,  confequently,  there's  a  lateral 
preffure  of  the  water  againft  the  oil  contiguous  to  G  ;  for,  nothing  elfe 
could  hinder  the  perpendicular  preflure  ot  the  oil  in  the  longer  leg,  from 
forcing  it  out ;  as  will  farther  appear,  by  gently  raifing  the  tube,  in  the 
famepofture,  towards  the  top  oi  the  water;  for,  as  the  lower  leg  afcends, 
the  oU  will  be  driven  out  thereat,  by  the  preffure  in  the  other.  And  that 
the  lateral  preffure  of  the  water  againft  the  lower  orifice  is,  before  the 
tube  be  raifed,  nearly  the  fame  with  the  perpendicular  preffure  of  a  cy- 
linder of  water,  reaching  from  the  orifice  (j,  to  the  top  of  the  water;  ap- 
pears from  the  furface  of  the  oil  in  the  longer  leg,  always  continuing  a  lit-- 
tie  above  that  of  the  water  ;  as  would  happen,  were  a  pipe  of  an  equal 
bore,  continued  from  the  orifice  G,  to  the  top  of  the  water  at  H.  But, 
farther,  if  the  fyphon  be  plunged  deeper  into  the  water;  the  oil,  by  the  la- 
teral preffure  thereof,  will  be  gradually  driven  quite  out  of  the  (horter  leg 
into  the  longer ;  ^and  if  you  immerfe  it  Hill  deeper,  a  cylinder  of  water  wiU 
rife  in  the  fame  longer  leg,  and  fuftain  that  of  the  oil,  which  is  now  no 
longer  able  to  balance  the  lateral  preffure  of  the  water  at  fo  great  a  depth ; 
whence  we  find,  that  water  has  alfo  a  lateral  preffure  againft  water,  which 
increafcs  proportionably  to  the  depth  ;  for  the  external  fluid,  could  not, 
otherwife,  impel  that  of  the  Ihorter  leg  into  the  longer,  which  it  does  by 
greatly  exceeding  the  refiftance  of  the  whole  cylinder  of  oil  therein.  But 
if  the  tube  be  now  gently  raifed  again,  and  the  lateral  preffure  of  the  wa- 
ter againft  the  immerfed  end  thereby  diminilhed,  the  oil  will  force  the 
water  firft  out  of  the  longer  leg,  and  then  out  of  the  (horter,  till,  at 
length,  it  leaves  the  orifice  G,  and  emerges  in  drops  to  the  furface. 
Again,  when  the  oil  in  the  tube  is  a  balance  for  the  external  water  ;  if  its 
fhoner  leg  be  kept  parallel  to  the  furface  thereof,  and  moving  backwards 
and  forwards  any  way  at  the  fame  depth  therein ;  the  oil  in  the  longer  leg 
will  appear  at  the  fame  height  ;  from  whence  'tis  plain,  a  pillar  of  water, 
with  a  bafis  equal  to  the  fide  of  the  body  immerfed,  may  be  any  where 
fupported  in  the  containing  veffel ;  and  that  tho'  this  imaginary  column,  as 
G  H,  be  not  included  in  any  firm  furface,  its  lower  parts  have,  by  means 
of  the  incumbent  fluid,  a  lateral  preflure,  tending  outwards  againft  its  ima-. 
ginary  fides  ;  and  laftly,  that  this  preffure  incrcafes  in  proportion  to  the 
height  of  the  column  of  water  above  them.     To  conclude,  if  inftead  of 
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iTics.  holding  the  longer  leg  of  our  tube  ia  a  perpendicular  pofture,  it  be  vari- 
VN,/  oufly  inclined  to  different  ancles  with  the  furface  of  the  water  A  B,  fo  tliat 
the  orifice  of  the  ftiorter  leg  F  G,  may  fomecimes  tend  towards  the  top,  and; 
at  others,  towards  tlie  bottom  of  the  glafs  ;  the  oblique  preffure  of  the 
water  depends  fo  intirely  upon  its  height  above  the  orifice  G,  that  the  oil  in 
tlie  longer  lee  will  ftill  continue  with  its  furface  I  K,  but  little  higher  than 
that  of  A  B. 

SCHOLIA. 

I.  We  once  attempted  to  difcover  the  quantity  of  this  lateral  prcOure 
»■  by  the  following  experiment.     Having  obrain'd  a  glafs  bubble  X,  with  a 

flendernecJt,  wliofe  CTavicy  fell  very  little  fliort  of  that  of  water;  and  provided 
a  large  wide-mouth  d  glals,  exadtly  fitted  with  a  cork,  perforated  in  the  mid- 
dle, to  receive,  perpendicularly,  a  long,  (lender,  glafs  pipe,  that  defcended 
confiderably  below  the  cork,  wherein, aUb,  was  another  hole,  near  its  edge, 
for  a  fecond  fmall  pipe  co  pais  thro',  whofe  upper  end  reaching  only  twa 
or  three  inches  into  the  air,  was  firmly  clofed  ;  then  the  veffel  being  filled 
with  water,  and  the  bubble  fufler'd  to  float  thereon,  the  cork  was  applied, 
and  well  cemented  to  the  mouth  of  the  glafs,  fo  that  nothing  could  pafs 
in  or  out  of  the  veflel,  except  thro*  the  long  flender  pipe;  all  the  other  vents 
being  carefully  ftopp'd  with  cement.  Wlien  things  were  thus  prepared, 
and  the  bubble  was  made  to  float  at  a  confiderable  diftance  fi'om  the  deeply 
immerfcd  end  of  the  long  tube,  we  poured  water  thro*  its  upper  orifice  E, 
which,  for  want  of  other  vent,  afcended  back  again  into  the  fame  ca- 
vity ;  and  if  the  water  therein  was  only  permitted  to  rife  as  high  as  I,. 
for  inftance,  the  bubble  X,  would  flill  continue  a-float :  but  if  the  water 
rofe  to  K.the  bubble  prefently  fell  to  the  bottom  ofthevefiel,  and  remain*d 
thereat  while  the  water  Hood  to  the  fame  height  in  the  pipeE  F  ;  but  if  the 
height  were  diminiih*d,  by  pouring  fome  of  tTie  water  off  the  bubble  would, 
re-afcend.  Hence  we  fee,  that  the  upper  parts  of  water  gravitate  on  the 
lower;  and  that,  in  a  full  veffel,  the  fame  thing  happens,  tho' the  former 
be  not  direftly  incumbent  on  the  latter,  but  at  a  confiderable  diftance 
from  the  line  of  their  direftion  ;  for  the  additional  cylinder  of  water  K  I, 
afting  like  any  other  heavy  body  upon  the  water,  caufes  the  bubble  X» 
to  fubfide.  And,  fince  the  air  included  in  this  bubble,  was  remarkably 
condenfed,  it  follows,  that  the  cylinder  of  water  K  I,  preffed  upon  the 
fubjacent  fluid  in  the  veftel ;  for  otherwjfe  the  air  in  the  bubble  could  not 
have  been  comprefs'd  :  and  as  this  bubble  floated  on  one  fide,  at  a  tolera- 
ble diftance  from  the  pipe  E  F,  and  above  its  lower  orifice  F  i  'tis  evident, 
that  thecylinder  of  water  IK,  preffes  as  well  laterally,  as  direftly,  upon 
all  the  bodies  that  lie  beneath  its  furface.  And  thus  every  affignable  pare 
of  the  fides  of  the  veffel,  fuftains  a  preffure  proportionable  to  its  depth  un- 
der water,  and  its  own  magnitude  :  if,  therefore,  any  pan  were  fo  weak, 
as  to  yield  to  the  weight  of  thecylinder  IK  (due  allowance  being  made 
for  the  obliquity  of  the  preffure)  twere  unfit  to  enter  the  compofirion  of 
our  gUis.    itTen  the  cork  itfelf,  r^iifts  a  preffure  propoxtioDaole  to  the 

breadth 
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breadth  of  its  under  furface,  an^  the  height  of  the  cylinder  K  I;  and  might,  Statics. 
therefore,,  if  not  too  ftrongly  fiiften'd,  be  raifed  thereby  ;  fo  that  if  the  ce-  V 
xnent  Ihoidd  fail,  the  water  would  forcibly  iffue  out  of  its  vents.  Thus, 
alfb,.  the  ftopple  G,.  of  the  fhort  pip6  G  H,  may,  by  this  means^  be  vi- 
olently thruit  out  of  its  place,  as  will  more  iatisfad^orily  appear,  by 
(bpping  the  orifice  at  G,  with  your  finger,  which  will,  there,  be  ftrongly 
preis'd  upwards. 

z.  To  (hew  that  the  very  obiique  prefTiire  fuftain'd  by  the  bubble,  horn 
the  water  in  the  long  tube^  differed  not  conliderably  from  that  of  water 

f laced  direftly  over  it,  I  fet  two  fuch  bubbles  feparately  a-float  in  long  cy- 
indrical  glaflfes  of  water,  when,  if  they  were  plunged  but  to  a  fmall  deptn, 
they  would  rife  agaia  to  the  top ;  fo  that  I  was  obliged  to  immerfe  them 
to  a  confiderable  depth,  before  the  preflure  of  the  incumbent  water  would 
fink  them. 

3 .  We  may  here,  alfb,^  obferve,  how  the  preffures  of  fuch  different  flu- 
ids, as  air  and  water,  will  communicate.    For,  having  fometimes  left  a 
finall  part  of  our  veflTel  A  BCD,  unfilfd  with  water,  fo  that  air  remained 
betweea  the  furface  L  M,.  and  the  cork  ;  the  preflbrc  of  the  water  in  the 
pipe  from  I,  to  K,  would,   if  the  cork  were  tight,^  caufe  the  bubble  tdo» 
finky  as  if  the  vefTel  had  been  wholly  ffll'd  with  water ;  the  comprefsM  and : 
imprifon'd  air  above  L  M,  communicating  the  prefTure  it  receivM  to  the  - 
contiguous  water. 

p  A  R  A  i>  o  X  vm. 

Water  vdJl  as  well  defrefi^  as  fuffort  a  body  fpeciJUallj  ligftur  than  itfelf. 

We  have  proved,  that  the  upper  parts  of  fluids  gravitate  upon  the  lower, 
or  bodies  immerfed  therein.  Now,  when  a  boc^  is  unequally  prefled,  it 
muft  necedarily  move  from  that  place  where  the  jireirure  is  greatefl,  to 
where  it  is  leaft ;  whence^  if  a  quantity  of  oil,  hath  its  upper  fiuface  alone,. 
expoied  to  the  preflfure  of  water,  and  nothing  be  in  the  way  to  hinder  its 
defcent,  the  oil  raoSt  necedarily  be  deprefs'd,  and  not  buoy  d  up  thereby. 
Toilluflrate  this  by  an  an  experimait ;  take  a  fmall  glafs  fyphon  E  F  GH,  ^t  *«»• 
with  its  ihorter  leg^  G  H,  3  or  4  indies  long,  and  parallel  to  the  othen 
£  F  j*  plunge  the  fliorter  into  oil  of  turpentine,  till  it  be  quite  filled,  and  the 
fluid  reaches  to  an  equal  height  in  the  longer,  as  from  F,  to  I ;  then  ftepping, 
with  your  finger,  the  orifice  E,  of  the  longer  leg,  immerfe  them  both  a  little 
under  water :  remove  your  finger,  and  as  you  gradually  plunge  the  fy- 
phon deeper,  the  oil,  m  its  ihorter  1^  will  fink,  and,  at  length,  whoUy 
rife  into  the  longer ;  which  fuflSlciently  proves  and  illufixates  our  propo- 
fition. 

SCHOLIUM. 

At  oBce  to  confirms  tlKsprefent  paradox,  the  fevi^th,  and  the  fecond,  I 
took  a  flimdttr  glaiSi  pipe  QS  N  ML»  andiiickU  oil  c^  turpcntiae  intan^.  21W 

its 
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iiTics.  its  lower  orifice  L,  till  it  rcach'd  to  P,  in  the  longer  leg,  in  a  level  widi  L,-. 

yN^  and,  flopping  the  upper  end  O,  with  my  finger,  I  plunged  the  tube  to  a 
convenient  depth  under  water;  wtien,  removing  my  finger,  the  external 
fluid  firft  drove  away  the  oil  in  L  M,  then  dcprclTed  it  from  M  to  N  ; 
and  laftly,  wholly  impelled  it  into  the  longer  lc[>NPOi  fo  that  the  oil 
was,  here,  evidently  prefl'ed  not  only  laterally,  but  alio  downwards,  and 
npwards, 

PARADOX    IX.    ■ 

"Noiv-'ithftanding  the  doclrine  of  fojitive  levity,  an  oil,  lighter  than  water,  maV  _ 
le  kebt  immerfed   in  that  fiutd.  '  I 

Since  the  furface  of  ftagnant  water  is,  phyfically  fpeakinj,  horizontal ; 
-that  part  wliich  prelTes  agalnft  the  lower  fuperficies  ot  an  immcrfed 
body,  muft  be  deeper  than  that  which  prell'es  upon  the  upper  :  if,  there- 
fore, the  water  incumbent  on  the  upper  part  of  a  body,  can  be  made  to 
Hand  at  a  greater  height  than  the  rell  ot  the  fluid  wherein  'tis  immerfcd,  • 
ib  as  to  balance  what  prefles  againft  the  lower  ;  oil  may  be  fu(pended  be- 
twixt two  parcels  of  water.  To  reduce  this  theoi'y  to  pradlice,  I  fuck'd 
a.  water  into  a  ftrait,  flender  glafspipe  T  P,  to  the  height  of  an  Inch,  and 
there  held  it  fufpended,  by  itopping  the  upper  orifice  with  my  finger ;  then 
plunging  the  lower  end  of  the  tube,  two  inches  below  the  furface  of  fome 
oil  or  turpentine,  deeply  tinged  with  copper,  whereby  the  oil,  driving  up 
jhe  water,  afcended  to  the  height  of  an  inch  in  the  lower  end  ot  the 
pipe  i  when,  I  again  clofcd  its  upper  end,  to  keep  both  liquors  fufpended. 
In  the  next  place,  I  plunt;ed  the  tube  into  a  glals  of  water,  three  or  four  ' 
inches  below  its  furface;  io  that  the  water,  upon  the  removal  of  my  fin- 
ger, was  preffed  into  the  lower  end  of  the  pipe  P,  to  Q,  impelling  up  the 
oilQR,  toR,  and  the  incumbent  water  to  TS;  at  which  ftations,  the 
three  feveral  parts  of  oil  and  water  together,  prefs  upon  P,  as  much  as 
the  external  water  upon  the  other  parts  of  the  {kme  plain  G  H  ;  yet  the 
oil  QR,  afcends  not,  becaufe  the  water  R  S,  is  kept  from  defcending  be- 
Jow  it,  by  the  fides  of  the  tube ;  whilft  its  upper  furface  T  S,  ftands  higher 
than  A  I),  that  of  the  reft  of  the  water :  by  which  means,  the  incum- 
bent fluid  may  be  made  to  prefs  upon  the  upper  furface  R,  of  the  cyhn- 
der  of  oil,  as  forcibly  as  the  water  preiTes  againft  Q,  the  lower  iWace 
of  the  fame;  whence  the  oil  will  remain  fufpended. 

PARADOX    X. 

1%e  afcent  and  flux  of  water  in  fyphons,  are  explicate,  loithtut  fuppofing  a 
Fuga  vacui. 

^  ,j^  Provide  a  cylindrical  g^afs  A  B  C  D,  both  wide  and  deep,  as  alfo,  a 

fyphon  F  K  G,  with  unequal  legs,  communicating  with  a  long  cylindrical 
pipe-K  E  ;  to  each  leg  of  this  fyphon,  fix  a  cylindrical  glals  I,  and  H>  filled 
with  wacer>  as  in  the  icheme,  -that  the  water  may  lua  &om  the  higher 
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glafs  I,  into  the  lower  H  j  then,  while  the  pipeEK,  is  held  ftill,  pour  Statics. 
oil  of  turpentine,  gently,  into  the  cylinder.  A  B  C  D,  till  it  rife  above  the 
top  of  the  fyphon  F  K  G ;  when,  the  oil  preffing  on  the  water,  will  raife  it 
into  the  legs  of  the  fyphon,  and  force  it  out  of  the  veflel  I,  into  H :  in  which 
cafe,  'tis  manifeft,  the  water  runs  thro'  the  fyphon,  whilft  the  air  has  fiee 
admi(fion  thereinto,  at.  the  orifice  E  j  fo  that  nature's  abhorrence  of  a  va- 
cuum, cannot  be  the  caufe  of  this  flux.  A  juft  folution  of  the  phenome- 
non may  be'hadfrom  confidering.the  preflure  ofthe  oil,  and  the  fituation 
of  the  veflels ;  for,  that  fluid  afcending  higher  than  K,  prefles  upon  the  fur- 
face  of  the  external  water,  in  the  glafles  I,  and  H,  wherein  the  lees  of  the 
fyphon  are  plunged,  and  forces  it  up  into  them  j  but  as  the  excefs  of  wa- 
ter in  the  glafs  I,  proves  an  over-balance  for  the  greater  depth  of  oil  in 
the  glafs  H,  the  water  is  obliged  to  run  from  the  (horter  leg  into  the  longer. 
Thus  it  happens  in  fyphons ;  when  once  the  water  is  brought  to  run  thro* 
them,  the  air  gravitates  upon  the  furface  of  the  external  fluid,  wherein 
their  legs  arc  plunged,  and  not  upon  that  which  they  contain ;  and,  there- 
fore, tho'  the  incumbent  air,  ftands  a  little  higher  over  the  fluid  in  the 
lower  veflel,  than  in  the  upper,  yet  the  water  in  the  longer  leg,  greatly 
over-balancing  that  in  the  (horter,  it  muft  needs  flow  out  at  the  latten 
And  the  preflure  of  the  external  air  being  able  to  raife  water  to  a  much 
greater  height  than  that  of  the  fliorter  leg,  the  efllux  will  continue  till 
fome  other  caufe  put  a  flop  thereto.  But  if  the  legs  of  a  fyphon  exceed 
3  5  feet  in  perpendicular  altitude,  the  water  will  not  flow;  thro  them ;  be- 
.  caufe  the  preuiire  of  the  external  air  is  unable  to  raife  water  to  that 
height.  So,  likewife,  were  an  hole  made  in  the  top  of  a  fyphon,  whilfl: 
water  was  flowing  thro'  it,  the  flux  would  prefently  ceafe ;  for  the  air, 
then  prefling,  as  well  within  as  without  the  lyphon,  would  return  the 
water  in  each  leg  to  its  proper  veflel.  To  confirm  this  particular,  I  pro- 
cured two  fyphons,  the  one  of  tin,  the  other  of  glafs,  each  of  which  had 
in  the  upper  part  of  its  bend,  a  fmall  perforation,  which  I  could  ftop 
with  my  nnger,  or  open  at  pleafure ;  wherein  I  frequently  performed  the 
experiment.  And  having  once  carefully  ftopp'd  one  of  the  above-men- 
tion'd  holes,  with  oiled  paper  and  cement,  and  found  the  water  to  nm 
freely  thro*  the  fyphon ;  yet  a  punfture  made  in  the  paper,  by  the  point 
of  a  needle,  admitted  air  fufficient  to  make  the  water  in  the  legs  faU 
back,  before  I  could  poiCbly  ftop  the  needle  quick,  enough  into  the  bole^ 
to  prevent  it. 

P  A  R  A  D  OX    XI. 

7%e  mofi  ponderous  folld  body  vje  know,  immerfed  in  water  to  a  depth  exceeding 
that  of  twenty  times  its  own  thicknefi,  will  float,  if  it  be  there  fenced  from  the  ■. 
direH  preffure  of  the  incumbent  fluid. 

Let  a  deep  glafs  veflel  A  B  C  D,  be  almoft  fiUM  with  water ;  wherein  if  a  ^'i-^ 
fmall  cylinder  of  brafs  EF,  be  immerfed,  till  its  upper  furface  is  juft  co- 
ver'd,  and  then  let  go  \  it  muft,  by  reafon  of  its  greater  fpecific  gravity, 

necellk- 


Stai^cs.   QecdTarily  fi^l  totfafe  boccom.    fiut;^  wen  it  tflac^.cpi  the  fdftki  IK,  ii4ix& 
^^   *  lies  at  afaiove  the  deptK  oF  nine  tianiss  tbf  boa/s  taiociids  |fdtf«r  ttn^tiMjier 
,    fur&ce  of  tt^MAuid ;  I  afet  thait  k  w^  4UE<lc£«pif^  Y^^^ 
^-^'^  abWt^Mrds  ^  the  weight  ^ 

e^iaesipeciiioAUy  hea^^  duui  waitp;  tb»  body  EFyidene,  would  pxda 

m  the  partF,  as  iQiafb  ^jk^^Jjjd^  of  an  equal  bafis^  but 

mt  nine  times  the' KcMpt  ^ukjpsk^  coniequently,  tfaejpwtP, 

wilL4w  no  «ove  deprc&d^^thaa  imy  cfber  fart  of  the  pbun  lEL.    Bat 

Ltei^«ftyitatet  on  twater,  and  alio  woft  oooiei  neavier  in  fieck 

If,  '^immenbd  tbeim  f  the  hv^SxrcpjaAa  £F, .  wbererer  iti  'cefta 

r  in  the  41iud,  «uft  4)e  forced  downwards,  both  by  Its  owh  wi^fat,  and 

;C  <r   thac  d[  ^  incumbent  water.    But  were  the  incnmbent  ^i^ter  prevented 

frook  gM^tatiflc  thexepn,  tit  ^dUows,  that  ^tbe  bod  v^  would^  at  'that  dli^ 

be  iLCfit  fufeended.    And^  mro^  iSiel^T^tofl^  kilike  manner,  upon 

thepkmLM;  the miach |gftdter prefl^^  parts 

of  the  fiimefiur&ce,  uraoM  impel  ]t  upwards,  withafoice  pr(^>ortionable 

CO  the  cUfference  df  their  wfpefti?e  weights. 

:;jr  f.  ^haA  bnving  feund,  by  eieaft  txyrfs,  that  the  pweft  gold,  the  nioft  pon* 

""  .v4^rdu$  body  we  know.  Is  not  duiie  twenty-dmes  fi>  lieavy'as  kn  equal 

.,?^^lift  tbC  ii^  sietd,  aljb,  were  inunerf^Ml  into  a  greato;  depth 

dian  tkat  dt  twenty  dmes  its  own  thidcflSB&  and  there  fenced  vom  the 

prefTure  df the ineunmnt  water; 'it  fl^  To  confirm  tlus 

f|f.ft^        by  an  expcriinfent*    6Bpppfetbehra£Mx)dy  S9,  tobetliecov^^ 

vahe,  v^d  the  vtbre  kSS  Aron^y  cemented  to  an  open  glafi-pipe  OP;^ 
''^FIi(sn,-*lSie^l^  Imji^  the  lower  part  of  (the  iimrument,  and  evmr' 

jamy/. detached  therefroou  would  &11  by  ifcs  own  wd^,  if  uh^pbtrm. 
'IC^eil  to  the  button  «Q,  mften  a  i^hrsad,  whidi,  by  bemg  pidled  upwards, 
may  caufe  E  F,  to  clofe  the  orifice  of  the  valve :  the  valve  beii^  now 
plunged  under  water,  to  the  depth  of  a  foot,  the  cement,'  and  the  f&es  of 
the  pipe  O  P,  will  prevent  the  fluid  irooi  preffing  upon  the  upper  jyart  of 
the  body  E  F ;  and,  confequently,  that  part  of  the  plain  V  W,  contiguous 
to  its  furface,  will  be  prefs'd  upon  only  by  the  wcaght  of  the  body  EF, 
but  in  its  other  parts  by  that  of  uie  incumbent  wktelr?  fo  that,  letting  go 
the  ftring  which  held  the  body  E  F,  clofe  to  the  inftrument,  that  body  will 
remain  fufpended  by  the  bare  preffure  of  the  water  beneath  it.  And  that 
this  alone  is  the  came  <£  the  phenomenon,  appears  by  gently  raifing  the  in- 
ftrument tovrards  the  top  of  the  water ;  for  when  it  has  afcended  near  the 
"fuifece,  fuppofc  between  the  plains  I K,  and  XJ,  the  bady  EF,  will  fall 
down,  and  the  water  rife  in  the  pipe  OP,  to  a  level  with  that  in  the  con- 
taining vedel.  But  if  the  valve  be  at  firft  plunged  much  deeper  under  wa- 
ter, before  the  ftring  be  rdaxed,  for  inftance,  to  the  f>lain  SR,  the  valve 
.£  F, .  will  require  a  confiderable  weight,  as  L,  befides  its  own,  to  disjoin 
it;  ^ut'rfthe  we%ht;prov^^4nfiilficifcnt  >for  the  puirpofc,  ^trmayviopfi  be 
rendei^d  eJBfeAual,  by  raifing  the  in&iifneftt,  ^  le£s  than  before,  towards 
the  top  of  the  water.  .        -  >    •  i     ..  ^ 
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This  experiment  render*  it  imaeed&ry  taSy  (•  a  Ft^a  vatui  for  a  reafon 
why  two  Alt  polUJM  Buubk^wit^  they  adhere,  require  a  coii£derat^e 
force  to  disjoin  them ;  they  b«Ag  prefled  togedier  by  air  of  an  immev^ 
b^ght,  after  a  J^«  jnanoer  wiih  .our  valve,  and  the  inftrumenc,  here,  by 
water  ;  wlu^h  Te^iit  tht;  fftii  yHj^  L,.  to  ovcf-bajonce  it»  fo  as  t9 
|(tt^ diem afuoder.  ,    »■*        > 
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SECT.   I. 


A 


yj»p»dyirf  ^  S  the  virtues  of  gems  proceed^  chiefly^  from  the  metalline  and  mi- 
neral fubftances,  that,  whilft  their  original  matter  remain^  either 
fluid  or  foft,  are  incorporated  therewith,  and  afterwards  hardned 


into  ftones ;  fo  it  feems  very  probable,  that  feveral  boles,  clays,  earths, 

and  efpecially  minerals,  &c.  may  be  endowM  with  confiderable  medicinal 

virtues,  and,  perhaps^  greater  than  thofe  of  the  finer  gems;  becaufe  herein 

are  often  found,  more  of  the  metallic  and  mineral  parts,  which,  whilft  in 

folutis  principiiSy  mijght  very  plentifully  infinuate  themfelves  into  the  more 

open  bodies,  and  there  fit  loofer  than  in  diamonds,  rubies,  fapphires,  &c^ 

which  Aqua  fortis,  itfelf,  is  unable  to  penetrate  and  cUflblve. 

A  •««. "^T^    Ij  therefore,  thought  it  might  be  of  ufe  to  phyficians,  mineralifts,  and 

gj|^£^'miners,  to  advance  a  new  way  of  examining  foflils  •>  for  tho*  the  method 

*  itfelf  pretends  not,  direftly,  to  difcover  more  than  one  quality  of  the  body 

it  examines  ;  yet  that  quality,  being  its  fpecific  gravity,  is  fo  confiderable, 

that  it  may  lead  one  farther  than  might,  at  firft,  be  imagined. 

htfimtistim.      Reflefling  that  rock-cryftal  is  of  the  moft  pure,  and  homogeneous  kind  of 

ftones  \  I  pitched  upon  this  for  the  ftandard,  whereby  to  aojuft  and  afcer- 

tain  the  purity  and  fimplicity  of  other  mineral  fubftances. 

By 
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By  carefully  weighing  feveral  pieces  of  native  cryftal,  clear  and  colour*  Statics. 
lefs,  firft  in  air,  and  then  in  water,  we  found  its  proportion  to  clear  wa-  VXW.^ 
ter,  of  the  fame  bulk,  as  af  to  i,  nearly.  Thus,  if  a  hollow,  metalline 
cube  be  exadlly  fiUM  by  one  ounce  of  water ;  and  afterwards,  again,  as 
exaftly  fiU'd  by  a  cubical  piece  of  rock-cry ftal,  that  bulk  of  the  flone  will 
weigh  about  two  ounces  and  a  half.  Some  of  my  trials,  indeed,  made  with 
tender  balances,  reprefented  the  proportion  of  thefe  two  bodies,  with  a 
very  inconfidcrable  variation  i  but  'tis  probable,  that  different  pieces  of 
cryftal,  tho'  of  equal  bulk,  may  not  have  precifely  the  fame  weight :  how- 
ever, the  difference  is  fo  fmall,  that  it  may  here  be  fafely  neglected. 

And  to  prevent  any  fcruple  about  the  origin  and  nature  of  cryftal,  I 
fliall  add,  that  I  procured  lome  ftrong  ificles,  that  had  been  faften*d  to 
vaults,  &c.  as  bodies  that  would  be  acknowledged  true  ftones,  and  yet  to 
liave  once  been  in  a  liquid  form  :  and  having  hydroflatically  examined 
thefe  concretions,  their  fpecific  gravity  appear  d  to  be  little  differing  from 
that  of  cryftal. 

To  apply  this  fundamental  obfervation  to  the  prefent  occafion ;  when  I 
would,  with  probability,  difcover  whether  the  mere  ftony  matter  of  a  mine- 
ral body  were  mixM  with  fome  adventitious  fubftance  of  a  metalline  na-  -  .1 
ture,  or  of  fome  other  mineral  more  ponderous  than  cryftal ;  I  carefully 
weighM  it,  as  we  laid,  in  air,  and  then  in  water :  when,  if  its  proportion 
to  water  cf  the  fame  bulk,  exceeded  that  of  2  7  to  i,  or  5  to  2, 1  conclude  • 
it  probable,  that  the  concrete  had  in  it  a  portion  of  foreign  matter  fpecifi- 
cally  heavier  than  cryftal,  proportionably  to  the  excefs  of  the  weight  of 
the  fblid  body  above  that  oi  an  equal  bulk  of  water.  To  illuftrate  this 
procedure  by  example. 

The  magnet,  upon  account  of  its  great  hardnefs,  is  ufually  ttckon^d  ^^^J^ 
among  ftones ;  but  having  obfervM  a  particular  kind  thereof,  to  be  appa-'^Jl^^, 
xently  more  ponderous  than  common  ftone,  of  equal  bulk,  we  weighed  them 
in  air  and  water ;  and  found  the  fpecific  gravity  of  fome  of  them  fo  £ar  to 
exceed  that  of  cryftal,  or  marble,  that  we  concluded  they  contained  a  con- 
fiderable  quantity  of  metalline  matter,  which,  by  collateral  experiments  ap- 
peared to  be  of  a  ferruginous  nature. 

Emcri  is  commonly  reputed  a  mere  ftone ;  but  finding  its  weight  in  wa- 
ter confiderably  to  exceed  that  of  an  equal  bulk  of  cryftal ;  for  it  was  to 
that  liquor  nearly  as  4  to  i ;  I  conjeftured,  that  it  contained  a  metalline 
fubftance ;  as  afterwards,  by  proper  trials,  I  found  it  did. 

By  the  weight,  alfo,  of  Lapis  Hamatites  on  my  hand,  I  conjedhired,  it 
largely  partook  of  a  metalline  ii^edient ;  and  prefently  I  difcover'd  that 
iron  or  fteel  was  contained  therein.  And,  in  general,  I  have  frequently 
fufpefted  different  bodies  to  be  of  a  metalline  or  mineral  nature,  and  was 
feldom  miftaken  in  my  conjefture ;  tho'  they  have  commonly  been  thought 
to  contain  no  fuch  fubftance.  The  fame  thing  I,  likewife,  found  true,  even 
in  granats  and  American  talc,  from  which  I  have  extracted  metalline  parts. 

But  we  muft  here  fet  down  fome  preliminary  obfervations.    And  firft,  rnUmUsry  o&. 
If  a  piopofed  foflU  be  much  lighter  than  an  equal  bulk  of  cryftal,  it  is^^^^^J^yJ^ 

S  f  2  almoft 
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Statics,  almoft  certain  it  cannot  be  a  metalline  ore ;  and  this  negative  proof  is  here 
^  ufually  ftronger  than  the  affirmative  kind.  Thus,  for  inftance,  when  I 
find  that  jet,  tho'  a  foffil,  has  a  far  lefs  fpecific  gravity  than  cryftal,  I 
conclude  it  to  be  no  metalline  body.  The  like  determination  I  make  as  to 
foflil-amber.  Sulphur  vivum,  common  fulphur,  EngUJh  and  Venetian  talc, 
and  fome  other  firm  concretions,  which  are  dug  out  of  the  earth  :  among 
which,  I  alfo  rank  black-lead.  For  having  round  its  weight  to  that  of 
water  as  i.85  to  i,  I  afterwards  difcover'd  it  to  be  not  lead-ore,  but  a  par- 
ticular kind  of  mineral,  and  near  allied  to  a  fon  of  talc  that  I  have  met 
with. 

2.  We  muft  diftinguifli  between  the  feveral  ufes  to  be  made  of  foffils  by 
men  of  different  profeflions.  So  that  if  a  fofSl  be  found  very  little  heavier 
in  fjpecie  than  cryftal  or  marble,  it  may,  poffibly,  have  a  metalline  or  mine- 
ral portion,  which,  however  fmall  in  quantity,  will  perhaps  entitle  it  to 
the  efteem  of  a  jeweller,  phyfician,  or  chymift.  But  if  this  excefs  of  its 
fpecific  gravity  be  inconfiderable,  the  foflil  itfelf  will  prove  of  little  price 
to  a  mineralift  \  for  if  it  be  poor  in  metalline  fubftance,  it  may  chance  to 
be  hardly  worth  the  working. 

3  •  But  tho'  the  great  ponderofitv  of  a  folEl  generally  proceeds  £:om  a 
proper  metalline  fubftance  embody  d  with  the  other  parts  thereof^  which 
fhews  it  not  to  be  a  mere  ftore;  yet  this,  alone,  is  not  a  fure  fign  that  the 
mineral  part  is  properly  metalline  :  and,  therefore,  where  any  doubt  arifes, 
we  flioiUd  have  recourfe  to  collateral  figns.  For,  befides  metalline  ores^ 
properly  fo  callM,  there  are  other  foffils,  which,  tho'  of  affinity  to  metals, 
may  be  diftinguifli'd  from  true  metalline  ores  i  fuch,  for  inftance,  are  anti- 
mony, bifmuth.  Lapis  Calaminaris,  and  marcafites.  But  there  will  not, 
perhaps,  occur  many  cafes,  wherein  we  need  to  have  recourfe  to  collate- 
ral figns,  to  fliew  whether  the  mineral  part  of  a  foffil  be,  in  a  ftridt  fenle, 
of  a  metalline  nature,  or  not.  For  fuch  femi-metals  are  moft  commonly 
found  either  in  veins,  mafles,  or  great  lumps  of  their  refpeftive  kinds;  and 
eaiily  difcover  to  what  fpecies  they  belong.  I  have,  indeed,  received  a  lump 
of  matter  from  Devofjjhire,  wherein  I  found  fome  antimony  mix'd  with 
lead,  which  was  the  predominant  body.  But  fuch  mixtures  occur  fo  fei- 
dom  in  England,  that  our  way  of  eftimating  ponderous  foffils,  will,  ncver- 
thelefs,  be  ufeful  on  moft  occafions. 

4.  Two  different  eftimates  may  be  made  of  the  fpecific  gravity  of  ores ; 
one,  when  the  body  propofed  is  weighed  in  its  natural  ftate,  that  is,  as 
it  comes  out  of  the  earth,  accompanied  with  the  fpar,  or  other  heteroge- 
neous matter,  that  firmly  adheres  to  it ;  and  the  other,  after  it  has  been 
beaten  fmall,  and  feparated  from  heterogeneous  fubftances  by  the  help  of 
water,  after  being  skilfully  agitated,  wherem  there  is  a  remarkable  difference 
in  weight  between  thefe  and  the  genuine  parts  of  the  ore ;  which  being  thus 
fcver'd  from  the  reft,  are  called  waftied.  Tis  fometimes,  alfo,  very  pro- 
per to  prepare  the  ore  by  roafting  it  once  or  more,  or  by  keeping  it  for 
feveral  hours  in  a  competently  ftrong  fire  ,•  as  is  iifually  pradlifed  in  pre- 
paring copper-ore  ^  efpecially  if  it  be  ftubbom.    I  purpofely  mention  thefe 

two 


The  Hydro  ft  at  tea  I  Balance.  ^ly. 

two  ftates,  wherein  the  weight  of  an  ore  may  be  taken,  becaufe  I  have  Statics- 
obfervM,  that,  in  feveral  cafes,  'tis  of  great  importance  to  diftinguifh  them  V.^V>**/ 
cirefuUy.  For  feveral  ores,  which,  in  their  natural  ftate,  have  too  little 
fpecific  gravity,  to  make  them  judg'd  worth  the  charge  of  being  wrought, 
may  yet,  after  they  are  prepared  by  water  and  fire,  aftord  a  metalline  por- 
tion, fo  ponderous,  as  to  allow  one  to  fufpeft  they  contain  either  filver 
or  gold.  I  remember,  that  a  piece  of  lead-ore,  brought  from  Ireland, 
feem'd  to  me  fo  light  in  the  lump,  that  I  thought  it  deferv'd  not  to  be 
wrought  for  lead;  yet,  afterward,  upon  trial,  it  appeared  fo  well  ftor'd 
with  particles  of  filver,  that  I  encouraged  the  owner  of  the  mine  to  work 
It. 

5.  There  is  one  kind  of  minerals  that  I  have  obfervM  to  impofe  upon  men  to  difiinguijh 
fo  frequently,  that  I  (hall  take  a  particular  notice  of  it.    For,  not  to  men- **''^rf^"  ^♦^^^ 
tion  examples  irom  travels,  and  voyages,  1  have  mylelr  met  with  numbers 
who  had  great  expectations  from  marcafites.    And  I  have  received  not  only 
from  places  near  home,  but  even  from  the  Indies,  foffils,  whereof  my  opi- 
nion was  defir'd  ;  which  I  found  to  be  only  marcafites.    Many  01  thefe 
foffils  have  two  qualities,  that  make  them  nt  to  delude  the  vulgar ;  fbr^ 
they  fhew  a  multitude  of  fliinmg  ftreaks,  refembling  gold ;  or  have,  at  the 
fame  time,  a  weight  equal  to  that  of  true  metalline  ores.    Marcafites, 
then,  being  thus  adapted  to  impofe  upon  the  unwary,  I  have  had  much 
ado  to  undeceive  fbme  perfons,  as  to  the  pleafing  confidence  they  had  en- 
tertained, that  thefe  promifing  foffils  were  lumps  of  rich  gold,  or  filver- 
ore.    Wherefore,  fince  their  weight,  the  criterion  of  minerals,  is  one  of 
the  two  things  that  delude  £0  many,  I  ihall  give  a  few  inftances  of  the  fpe- 
cific gravity  of  marcafites,  to  make  it  appear,  that  fome  of  them  are,  bulk 
for  bulk,  far  more  ponderous  than  true  metalline  ores.    And,  indeed,  the 
great  ponderofity  of  foffils,  has  feveral  times  occafion'd  me  to  determine, 
before  trial,  that  they  were  marcafites.    But,  to  prevent  being  imposed 
on,  by  this,  or  the  like  fpecious  fubftance,  it  is  but  placbg  it  in  a  ftrong 
fire,  and  blowing,  now  and  then,  with  a  pair  of  bellows ;  for,  by  this  . 
means,  the  fulphur  wherewith  marcafites  abound,  will  take  fire^  ana  burn 
with  a  flame  for  the  moft  part  blue,  like  that  of  common  fulphur  r  fo  that 
once,  by  dift illation,  in  a  clofe  veffel,  I  obtainM  four  ounces  of  gopd  brim- 
ftone,  from  three  pounds  of  thefe  ftones.    And,  if  when  this  foffil  ceafes  to 
flame,  andfmoke,,  it  be  taken  out  of  the  fire,  and  fuf&r'd  to  cool,  it  will 
be  deprived  of  all  its  gaudy  appearance,  and  turned,  to  a  brittle,  blackifh 
fubftance,  very  different  from  that  of  a  proper  metalline  ore.    Marcafites, 
however,  may  be  look'd  upon  as  a  kind  of  metalline  bodies  ;  for,  I  have 
found  feveral  of  them  to  contain,  not  only  particles  of  copper,  but  alfo  of 
iron,  or  fteel^  for,  after  calcination,  applying  the  pulverized  remains,  to  a 
vigorous  load-ftone,  great  multitudes  of  chalybeate  corpufcles  quickly  ad- 
hered thereto.     And,  I  remember,  in  a  catalogue  of  the  foffils  of  Mtfnia, 
publifhed  by  Kentmannus,  under  the  head  o£  Pyrites,  he  places  feveral  mar- 
cafites ;  fome  whereof  contained  copper,  others  lilver,  others  gold,  and 
others,  again,  both  filver  and  gold.    Having  prefented  a  very  fine  marca- 
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Statics,  fite  to  the  overfeer  of  one  of  the  emperor *s  beft  mines,  he  prefently  exa- 
min'd  it,  by  a  peculiar  way,  with  hopes  to  find  in  it  fome  gold  or  lilver  ; 
,but,  inftcad  thereof,  obtained  a  parcel  of  running  mercury,  which  he  pre- 
fented  me.  Notwithftanding  the  caution  here  given,  I  do  not  deny,  but 
that  'tis  poflible,  for  a  skilful  artift,  to  make  a  profitable  ufe  of  marcafites, 
either  by  fi^ng  the  volatile  gold,  or  filver,  to  be  found  in  fome  of  them  ^ 
by  graduating  filver  by  their  means,  &c.  But  that  for  which  I  much  more 
value  them,  is,  what  I  defire  ihould  be  well  remarked,  that  I  am  perfua- 
ded,  if  they  were  fimply,  and,  of  themfelves,  but  dextroufly  handled, 
they  may  alfford  very  noble  and  uncommon  medicines,  particularly  excel- 
lent in  continual  fevers ;  tho'  their  ufual  operation  be  almoft  infenfible,  un- 
lefs  by  their  good  eflfefts. 

6.  1  muft  not  here  omit,  that  tho'  many,  who  make  trials  of  ores,  va- 
lue their  own  flux-powders,  or  fuch  as  are  cry'd  up  by  others ;  yet  they 
.commottly  feem  to  expeft  nothing  from  thofe  they  prefer,  more  than  that 
they  (hould  beft  facilitate  the  fiifion  of  the  ore ;  as  that  which  being  once 
^done,  the  metalline  part  will  feparate  by  its  own  weight,  or,  as  it  were, 
fpontaneoufly.    But  yet^  having  purpofely  examined  the  matter  more  nice- 
ly, and  compared  the  quantities  of  metal  obtained  from  two  portions,  of 
equal  weight,  of  the  fame  ore,  we  found  thofe  proportions  confiderably 
differM  ;   tho'  that  which  yielded  leaft  metal,  was  flux'd  down  with  a 
coftly,  and  well-adapted  powder.    And,  I  doubt  not,  but  from  other  me- 
talline ores,    a  greater  quantity  of  pure  metal  is  obtainable,  by  fome 
flux-powders,  that  are  but  little  employ M,  or  known ;  than  by  others, 
that  are  much  more  famous  and  common.    Thus  two  equal  portions  of  the 
fame  lead-ore,  clear  of  fpar  ;  being,  the  one  reduced  with  a  due  weight  of 
nitre  and  tartar  fulminated  together,  afforded  me  a  much  lefs  proportion 
of  malleable  lead,  than  the  other,  by  means  of  half,  or  a  quarter  the  quan- 
tity of  filings  of  iron.     And,  to  inftance  in  a  much  more  precious  mineral 
than  lead-ore,  I  try'd  the  like  with  fome  ounces  of  good  natiw  cinnabar, 
finely  puh^rizM  ;  by  adding  to  one  half  a  fix'd  alkali  of  tartar,  and  to  the 
other,  a  different  flux-powder,  we  obtained  from  the  former,  twice  as 
much  mercury,  as  we  did  from  the  latter,  tho'  diftill'd  with  a  fix'd  alkali 
even  of  a  mineral  nature. 
Vireftions  reU-      y,  Bcfere  wc  procccd  farther,  'tis  neceflary  the  reader  be  acquainted 
!i'r|#w«n/o71&«  with  the  method  of  weighing  heavy  bodies  in  water;  which  being  liable 
hydrofiaticsi    ^q  feveral  contingencies,  'tis  proper  in  this  place  to  take  notice  of  the  more 
•confiderable  ones. 

But,  fir{l,  to  grve  a  general  notion  of  the  thing,  I  defire  the  figure  of 
the  hydroftatical  balance  itfelf,  with  all  its  apparatus,  may  be  view'd  ; 
wherein  A  A,  is  the  beam  of  the  balance,  B  B,  the  dilhes,  C  C,  the  frame  where- 
on the  beam  is  fufpended  ;  with  D,  its  Aiding  focket^  E,  the  arm  ;  with  F,  a 
pulley  ;  over  which,  and  G,  another  pulley  pafles  H,  a  line  faften'd  to  I,  a 
moveable  weight  ,•  by  which  the  beam  is  elevated  and  deprefs'd.  K,  is  a  hair 
wherewith  to  fufpcnd  L,  the  body  to  be  weigh 'd  in  the  water  of  M, 
the  glafs  ciftern.    N,  is  the  bucket  for  liquors,  O,  the  box  of  grains,  P, 
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the  forceps,  wherewith  to  manage  them,   Q^,  the  pile  of  weights,  R,  the  Statics. 
handle  of  the  balance,  andSSSS,  the  table. 

The  folid  body  to  be  examined,  fhould  be  ty'd  about  with  an  horfe-hair, 
of  a  competent  length,  and  faften'd  at  its  other  end,  to  one  of  the  fcales, 
of  an  exadt  and  tender  balance ;  that  the  body,  having  been  carefully 
weighed  in  the  air,  may  be  immerfed  in  a  proper  veffd,  almoft  full  of 
fair  water,  fo  as  to  hang  freely  therein,  and  be  on  every  fide  encom- 
pafs'd  with  the  fluid.  This  done,  put  weights  into  the  oppofite  icale,  to 
balance  the  body  hanging  in  the  water  ;  when  the  beams  of  the  fcalc  will 
lie  horizontal,  and  the  weights  employed  give  that  of  the  body  in  water; 
Deducting,  therefore,  this  weight  from  the  weight  of  the  fame  body  in  the 
air;  by  the  remainder,  that  is,  the  difference  of  the  two,  divide  the  whole 
weight  of  the  given  body  in  air  ;  and  tlie  quotient  will  ihew  the  propor- 
tion in  fpecific  gravity,  between  the  fblid,  and  an  equal  bulk  cf  water. 
To  illufrrate  this  by  an  example,  we  put  a  fine  piece  of  white  marble, 
which  feems  the  moft  pure  of  any  common  opake  ftone,  into  an  exafl  ba- 
lance, and  took  its  weight  in  the  air  1169  grains  ;  then  a  horfe-hair  being 
tyM  about  it,  and  the  other  end  of  the  fame  hair,  feften'd  to  one  of  the 
^ales  *,  under  which,  at  a  convenient  diftance,  was  placed  a  deep  glafs,  almoft 
full  of  fair  water ;  we  fuffer'd  the  ftone  to  hang  treely  beneath  the  furface 
of  the  fluid ;  and,  in  the  oppofite  fcale,  placed  weights  enow  to  bring 
it  to  an  equilibrium  with  the  other.  Thefe  weights  amounted  to  738 
grains,  which  gave  us  the  weight  of  the  marble  in  water  j  which  being 
fiibftradled  from  the  weight  orthe  fame  ftone  in  air,  there  remained  43 1 
grains  for  the  weight  of  the  equal  bulk  of  water  :  by  this  remainder,  we 
divided  the  weight  of  the  marble  in  air,  viz,.  iieJp,  and  found  the  quo- 
tient to  be  2.7  nearly,  for  the  fpecific  gravity  of  white  marble  to  wa- 
ter. 

Tis  here  manifcft,  from  the  natureof  the  thing,  that  the  body  proposM 
to  be  weighM,  muft  be  heai'jr  enough  to  finK  in  water ;  otherwife 
its  weight  in  the  fluid  cannot  be  fignificantly  dedufted  from  its  weight  in 
air;  but  if  there  be  occafion  to  weigh  in  water,  a  body  lighter  infpecie 
than  water,  it  may  be  done,  tho*  with  difficulty,  by  joining  to  it  another 
body,  that  is  able  to  fink  it. 

8.  A  horfe-hair  is  made  choice  of  for  hydroftatical  operations,  becaufe 
^tis  thought  to  be  of  the  fame  fpecific  gravity  with  water  \  and  tho*  thnt 
be  not  ftriftly  true,  yet  a  horfe-hair  is  fitter  to  be  employed  in  thele  tri- 
als, than  any  other  ftring  I  know  of ;  and  its  weight  ufually  differs  fo 
little  from  that  of  water,  that  the  difference  may  be  fafely  neglefted  :  but 
if  the  folid  propofed,  be  too  heavy  to  be  fuftain'd  by  a  fingle  hair,  feve^ 
ral  of  them  may  be  twifted  together. 

p.  I  fometimes  had  occafion  to  examine  bodies  hydroftatically,  which,  by 
reafon  of  their  roundnefs,  or  other  inconvenient  figure,  could  not  well 
befaften'd  to  a  hair;  in  which  cafe  I  ufed  hairs  interwoven  into  a  kind 
of  a  fmall  hoop-net,  the  mealhcs  whereof  would  not  fufter  the  body  to  flip 
thro*  them. 

JO.  And 
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Statics.  to.  And  here  let  it  be  noted,  once  for  all,  that  whenever  any  hydro- 
^'"^^  /ilatical  trial  is  made,  by  means  of  ahorlc-hair,  there  muft  be  put  into  the 
^cppofite  fcale,  as  much  of  the  fame  hair  as  feems  equal  to  what  fuftains 
•the  body,  and  appears  above  the  furface  of  the  water  ;  for  that  fluid  only 
takes  off  the  weight  of  as  much  of  the  hair  as  is  immers'd  in  it  :  fo  that  its 
imimmers'd  part  adds  to  the  weight  of  the  pendulous  folid;  and,  therefore, 
ought  to  be  compenfated  by  an  equal  weight  in  the  other  fcale. 

1 1.  When  1  referv'd  a  balance  for  hydroftatical  trials,  I  found  it  conve- 
nient, on  feveral  occafions,  to  take  off*  one  of  the  fcales,  with  the  firings 

belonging  to  it,  and  fubftitute,  in  its  ftead,  a  piece  of  metal,  of  a  coni- 
cal, or  other  convenient  figiure,  and  equal  in  weight  to  the  oppofite  fcale  ; 
as  alfo,  at  the  fame  end  of  the  ftring,  to  fallen  one  end  of  the  horfe-hair 
that  tied  the  bodv  to  be  weighed  in  water.  And  fometimes,  like  wife, 
when  I  did  not  take  off  one  of  the  fcales,  I  caufed  it  to  be  perforated  in 
the  middle,  without  leffening  its  weight;  that  fo  the  body  to  be  immers'd, 
might  hang  perpendicularly  from  the  centre  of  the  fcale. 

12.  Care  muft  be  taken,  that  the  body  to  be  examined,  hang  freely  iti 
the  water,  fo  that  no  part  of  it,  any  where,  touch  the  bottom,  or  fides 
of  the  veffel,  or  reach  above  the  upper  furface  of  the  water  it  contains  ; 
for,  when  any  of  thefe  circumftances  are  negledled,  the  true  weight  of 
che  folid  is  fome  what  alterM  :  and  if  any  part  of  the  body,  or  horfe-hair, 
*tis  tied  with,  appears  above  the  water,  it  adds  to  the  weight  thereof. 
And,  as  nothing  but  the  water  is  to  touch  the  hanging  body,  fo  no  part 
of  the  fluid  muft  touch  the  fcale  from  whence  it  hangs.  1  have  feveral 
times  obferved,  that  immers*d  bodies  have  been  concluded  to  weigh  more 
in  water  than  they  really  do,  from  a  negleft  in  obferving,  that  if  the  ftring 
be  too  fliort,  or  the  veffel  too  full,  the  vibrating  motion  of  the  balance  will, 
at  one  time  or  other,  carry  down  the  fcale  to  which  the  fufpended  body  is 
tied,  fo  as  to  make  feme  part  of  it  touch  the  furface  of  the  water ;  a  few 
drops  whereof  will  readily  ftick  to  it;  which,  becaufe  they  adhere  to  its 
under  part,  may  lie  conceard  from  a  hcedlefs  eye,  fenlibly  add  to  the 
weight  of  the  fcale,  and  make  the  body  be  thought  heavier  than  it  naturally 
is  :  an  error  very  prejudicial,  when  exaft  experiments  are  required. 

13.  But  the  moft  ufiial  caufc  of  miftakes,  in  hydroftatical  trials,  pro- 
ceeds from  hence,  that  the  given  fohd,  and  the  ftring  whereto  'tis  faftned, 
carry  down  with  them  particles  of  air;  which,  perhaps  too,  may  extricate 
others  that  lay  concealM  in  the  pores  of  the  liquor,  in  the  form  of  bub- 
bles. Thefe  aerial  particles  fatten  themfclves  to  the  little  afperities  they 
meet  with,  on  the  furface  of  the  immers'd  body,  and  like  fo  many  little 
bladders  of  air,  endeavour  to  buoy  up  the  body  they  adhere  to  ;  and,  there- 
fore in  proportion  to  their  number  and  bulk,  lelfen  the  due  weight  of  the 
immersed  body,  in  water.  Great  care,  therefore,  muft  be  had,  in  nice  ex- 
periments, to  fliake  the  ftring,  and  warily  knock  the  body  againft  the  fides 
of  the  glafs,  that  the  adhering  bubbles  may  thereby  be  dilplac'd,  and 
emerge  to  the  top  of  the  water.  And,  onfome  occafions,  this  caution  fliould 
he  ufed  more  than  once  in  the  fame  experiment  i  becaufe  I  have  often  cb- 

ferv'd. 
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fa^d,  that  after  the  immerfed  body  has  been  freed  from  the  firft  bubbles  Statics. 
that  appeared  about  it,  others  fucceeded  in  their  ftead,  before  the  cxperi-  K^y\J 
ment  was  finifli'd. 

I  have  been  the  more  circumftantial  in  explaining  the  way  of  weighing 
bodies  in  water,  becaufe  experience  hath  taught  me,  that  the  pradhce  of 
it  is  not  fo  eafy  as  might,  at  firft  fight,  be  expe£ted. 

Having  obtained  the  weight  of  the  given  body,  firft  in  the  air,  and  then, 
in  water,  according  to  this  method ;  it  will  not  be  difficult  to  difcover, 
praftically,  the  proportion  in  weight  between  the  folid  and  the  fluid. 
The  foundation  of  our  praftice,  is  tnis  theorem  of  Archimedes.  "  A  body 
heavier  than  water,  weighs  lefs  in  that,  than  it  does  in  air,  by  the  weight 
of  an  equal  bulk  of  water/'  Whence  we  deduce  a  rule  for  our  prelent 
purpofe.  For  if  the  weight  of  the  propofed  body,  whilft  it  is  every  way 
furrounded  with  water,  be  fubftradted  from  that  of  the  fame  body  in  air, 
the  remainder  gives  the  aerial  weight  of  a  quantity  of  water  equal  in  mag- 
nitude tb  the  folid ;  fo  that  having  the  weight  both  of  the  folid  and  fluid, 
divide  the  greater  by  the  lefs,  and  the  quotient  compared  to  an  unit,  will 
be  the  antecedent  oi  the  proportion  fought  between  the  folid  and  the  wa-  ^ 

ter.    And  this  rule  holds  equally,  mutatis  mutandis,  for  other  liquors,  as 
well  as  water. 

To  apply  this  doftrine  firft  to  ores. 

Many  learned  men  have  been  of  opinion,  that,  properly  fpeaking,  there  ^«  M*^^- 
were  no  fuch  things  as  gold-mines ;  and  I  confeis  myielf  to  have  been  long  uldu^^ 
kept  in  fufpence  as  to  this  particular :  for,  notwithftanding  all  the  inquiry  I  fi^fi  ^  «•«« 
could  make  after  mines,  wherein  gold  was  the  predominant  metal,  I  could 
not  find  a  man  who  would  fay  he  had  feen  any.  At  length,  I  met  with 
fbme  ore,  prefented  to  Kine  Charles  II.  which  I  judged  to  be  genuine  s 
and  alfb  received  from  an  unxnown  hand  in  the  Eafi-Indies,  another  piece^ 
in  the  clefts  whereof,  and  a  little  beyond  them,  there  appear^  fome 
lumps,  wherein,  by  their  colour  and  other  figns,  it  feem'd  manifeft  that 
gola  xvas  the  predominant  metal.  But  the  largeft  piece,  and  that  which 
was  beft  fumifli'd  with  metalline  parts,  weighmg  about  an  ounce  and  a 
quarter,  containM  fo  great  a  proportion  of  fpar,  that  its  fpcdfic  gravity  to 
water,  was  but  as  2.21  to  i.  Its  metalline  ponion,  however,  feem'd  to  be  all 
gold  ;  for  there  appear^  no  fign  of  any  other  metal  therein,  nor,  in  fome 
leffer  pieces  that  1  received  along  with  it.  Its  fpar,  or  ftony  matter,  wherein 
the  true  ore  is  immediately  lodg'd,  did  not  relemble  the  fpar  of  lead-ore, 
or  that  of  any  other  of  our  Engtijh  metals ;  but  feemM,  at  firft  view,  to  be  a 
kind  of  white  marble, with  a  dafh  of  yellow.  And,  upon  trial,  I  found  it  dif- 
fered ftill  more  from  the  fpar  of  lead^re,  which,  with  us,  is  lafually  white, 
and  almoft  femi-diaphanous.  For  our  fpar  of  lead-ore  is  often  fo  foft,  that 
it  may  eafily  be  cut  with  a  knife ;  but  the  fparry  ponion  of  this  gold-ore  was 
a  fohd  ftone ;  and  fo  hard,  that  when  ftrucK  againft  a  piece  of  fteel,  it 
would  yield  fparksof  fire.  And,  farther,  the  fpar  of  lead-ore  will  eafily, 
and  fuddenly,  calcine  to  a  kind  of  lime  ;  but  our  golden-fpar,  tho'  kept 
for  fome  hours  red-hot  in  a  crucible,  did  not  appear  to  be  at  all  cal- 
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Statics.  cinecL  .The  fpar  of  lead-ore  will,  alfo,  diffolve  in  fome  acid  menftrua, 
and  even  in  diftilW  vinegar :  yet  I  could  not  find  that  this  golden  fpar, 
when  kept  for  feveral  hours  in  fpirit  of  fait.  Aqua  forts s^  or  Aquaregia, 
was  manifeftly  wrought  upon  by  any  of  them. 

A  piece  of  fpar,  that  feem'd  fcarce  to  contain  any  gold  at  all,  being 
hydroftatically  examined,  we  found    its  fpecific  gravity  to  water,  as  2.65 

to  I. 

Thefe  obfervations,  imperfeft  as  they  are,  may,  perhaps,  be  ferviceablc 
to  fuch  as  have  never  feen  true  gold-ore  ;  and,  in  particular,  to  thofe 
who  fearch  after  gold-mines  in  Jamaica :  where,  as  general  Venables^  the 
perfon  who  conquered  it  for  the  Englijby  informed  me,  at  his  return  from 
thence,  the  Spani/h  governor  of  the  ifland,  whilft  his  prifoner,  confefs'd 
there  was  mineral-gold;  tho*  the  Sfanioi'dsy  for  want  of  workmen,  could 
not  dig  deep  enough  in  queft  of  it. 

By  what  I  have  faid  ot  the  true  gold-ore,  I  would  not  have  any  one  dis- 
couraged from  feeking  for  gold  in  other  metals ;  becaufe,  I  know,  it  may 
fometimes  be  found  blended  with  predominant  minerals,  as  appears  from 
the  copper-mines  of  Cremnitz,,  whence  a  confiderable  quantity  of  gold  is 
yearly  obtained.  And  I  have  feen  an  Englifh  tin-ore,  wherein  there  lay, 
m  little  cells,  a  number  of  fmall  leaves  or  chips  of  gold  ;  and  tho*  the  tin- 
men, being  unable  to  feparate  them  to  profit,  ufually  melted  both  the  me- 
tals together,  and  fold  the  mafs  for  mere  tin ;  yet  the  owner  of  the  mine 
aflured  me,  that  one  of  his  work-men  advantagioufly  employed  his  own 
children  to  pick  the  gold  out  of  the  ore,  when  SKilfiilly  broKen.  There  is, 
alfb,  a  place  in  Scotland^  where,  over  a  lead-mine,  near  the  furfece  of  the 
ground,  they  often  find  large  grains  of  native  gold  free  from  fpar ;  fome  of 
which  I  thought  worthy  to  be  prefented  to  that  curious  examiner  of  ores. 
Prince  Rupert ;  and  I  ftill  have  a  piece  of  native  metal  by  me,  that  came 
from  the  fame  place,  in  weight  above  forty  grains,  and  wherein  gold  is 
the  predominant  metal. 

I  have  found  a  grain  of  natural  Scotch  gold,  without  any  adhering  fpar, 
to  weigh  three  drams,  twenty-one  grains  ;  another  grain  of  the  fame,  that 
had  a  little  fpar  fticking  to  it,  weighed  three  drams,  three  grains ;  fo  that, 
allowing  for  the  heterogeneous  fubftance,  it  weigh'd  about  three  drams. 
And,  lajflly,  a  ^r^moi Scotch  gold  weighed,  in  air,  43  grains;  in  water, 
39-r  grains;  whence  its  proportion  to  water  is  as  12  4  to  i. 

It  often  happens,  that,  among  the  leflfer  grains  of  gold,  properly  calfd 
fand-gold,  there  are  pieces,  fingly  big  enough  to  be  ty*d  about  with  a  horfe^ 
hair,  and  weighed  in  water ;  to  which,  therefore,  our  hydroftatical  way 
of  examining  ores  may  be  ufefuUy  apply 'd.  For,  fince  pure  gold  is  to  wa- 
ter of  the  fame  bulk,  as  18  or  19  to  i ;  it  will  readily  appear,  whether  the 
fragment  propofed  be  perfeftly  pure,  or  not. 

We  frequently  receive  from  the  maritime  parts  of  Africa,  fmall  frag- 
ments of  gold,  m  the  form  of  fand  or  gravel,  which  feem  to  have  been 
wafliM  away  from  hidden  veins  by  the  violence  of  the  waters ;  to  eftimate 
the  genuinenefs  and  degrees  of  purity  whereof,  our  hydroftatical  method 

of 
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^  examination  may  be  of  fingular  lervicc  For  the  fpedfic  gravity  of  per-  Statics, 
fiodly  refined  gold  to  water,  being  known ;  'tis,  thence,  eafy  to  examine  its  \^Y\J 
degrees  of  finenefs.  And,  when  once  the  true  ipecific  mmty  of  a  parcel 
cf  fand-gold  is  known,  together  with  its  degree  of  nnenefs,  gainM  by 
collateral  trials  i  this  feecific  gravity  may  be  med  as  a  ftandard,  whereby 
to  try  the  finenefs  of^other  parcels  of  the  like  native  gold :  vHhence  the 
fraud  of  the  Negroes  may,  in  this  cafe,  be  prevented;  who  often  danddtinely 
mix  with  the  right  iand-gold,  filings  of  copper,  or  brafs;  whofe  fpecilic 
gra\dty  is  not  half  to  great  as  that  of  fine  gola. 

Aquafortis,  alfo,  would  inunediately  diicover  this  fraud,  which  will  not 
work  upon  gold;  but  corrodes  brafs,  and  thereby  gains  a  colour  betwixt 
blue  ana  green  ;  tho'  if  much  (ilver  be  naturally  mix'd  with  the  gold,  tliis 
proof,  by  Aqua  fortis,  will  require  skill :  arid,  therefore,  good  Ipirit  of 
urine  may  be  fubftituted  in  its  ftead,  occafionally ;  for  tbs  will  readily 
work  upon  filings  of  copper  or  brafs  in  the  gold,  and  gain  firom  them  a  fine 
blue  colour.  And,  to  iiaften  the  operation  of  this  liquor  on  filings  of 
brafs,  or  copper ;  ^tis  but  fpreading  them  thin,  upon  a  piece  of  white  pa- 
per, and  moiftening  them  throughly  therewith,  that  the  air  may  promote  its 
adion ;  for,  by  this  means,  I  have  often  produced,  in  a  few  minutes  time, 
a  pleafant  blue  colour  upon  the  paper.  Spirit  of  hart*s-horn,  or  other  vo- 
latile alkalies,  or  even  ftale  rank  urine,  will  ferve  in  time  of  need,  and  yield 
the  fame  phenomenon. 

But  if  a  folid  fubftance  be  defired  for  this  purpofe,  common  fal^arnioniac 
may  be  ufed,  by  making  a  (bong  fblution  thereof  in  water,  and  applying 
it  as  any  of  the  former ;  for  this  alfo,  will  fooii  gain  a  greenifh  colour,  or 
a  blue,  from  brafs  or  copper,  and  without  afierang  the  gold. 

I  have  obferv'd  fuch  a  variety  c^  appearances  and  difguizes  in  metallme  AU  mifurats 


hands ;  and  if  it  feem  to  exceed  the  weight  of  cryftal,  or  marble,  to 
examine  it  hydroftaticaUy.  For  there  are  in  England,  and  feveral  other 
countries,  ufeful  foffils,  ufually  overlooked  by  the  unskilful.  I  have  found, 
in  this  kingdom,  eagle-ilones  even  upon  the  high-ways ;  and  fome  other 
minerals  that  were  not  fufpeded  to  be  of  Engli/b  growth.  And,  I  re- 
member, that  paifing  by  a  potter  s  work-houfe,  and  viewing  the  ground  at- 
tentively, I  made  a  dilcovery  ofmanganefe,  a  mineral  very  proper  for 
glazing  and  colouring  of  earthen  vefiels,  which  the  potter,  afterwards, 
gladly  ufed  for  that  purpofe.  The  fame  perfon  fhew  d  me  a  place  that 
contained  great  flore  of  a  ibflil  fubllance,  unknown  in  England,  that  ran  very 
far  under  ground,  like  a  vein  of  metalline  ore ;  by  fome  eafy  trials  I  found 
it  abounded  with  vitriolate  fait,  much  more  than  any  marcafite  I  had  ex- 
amined in  the  form  of  ftones :  whence  1  concluded,  it  might  more  profita- 
bly be  employed  to  make  vitriol,  than  the  marcafites  ufea  for  that  purpofe 
in  the  works  at  Deftfinrd,  or  elfe  where,  in  England. 

Tt2  I 


cally. 


\ 


The  Hjdroflatical  Balance.  ^TB 

rics.       I  remember,  alfo,  that  a  mineral  of  an  odd  appearance,  being  fent  me, 
1^^  as  unknown  to  the  miners  wlio  dug  it  xip  ;  I  found  it  to  be  the  ore  of  biG- 
muth,  tho'tlic  \-ein  that  aflbrded  it  was  very  fmall.     But  the  chief  rea- 
fon  for  which  I  give  this  particular  caution,  is,  that  an  application   of 
our  general  remark  upon  the  fpecific  gravity  of  foffils,  may  oe  extended 
to  a  new  and  confiderable  ufe ;  for  we  need  not  confine  ourlelves  to  exa- 
mine only  thofe  foflils,  whereof  we  can  obtain  pieces  fufHcicntly   large  to 
be  fingly  weigh'd  in  water  ;  bccaule,  not  to  mention  the  minerals  that  may 
befound  ufeiul  tothe  phyfician,  the  drugfter,  or  the  mineralift;  the  ores 
cf  metals  may  be  often  found  difgitiz'd  in  the  form  of  earth,  or  mud,    that 
I*"*     is  eafily  dry  a  ;  which  foflils,  tho' unfit  to  be  immediately  liifpendcd  by  a 
5i«("    horlc-hair,  may  conveniently  be  examin'd  by  means  of  a  ^lafs  jar-bucket, 
ttiiaiiy.  of  a  known  fpecific  gravity  :  for,  this  veflel  being  almoft  fili'd  therewith,  and 
that  matter,  carefully  counterpois'd  in  air,  and  made  thoroughly  wet  with 
water,  and  the  whole  warily  let  down  in  the  fame  fluid,  and  there  kept  fuf- 
pendcd  by  a  horfe-hair,  tied  to  a  render  balance,  the  difference  between 
the  weight  of  the  mineral,  and  veflel  in  air  and  water,  will  be  obtain'd  ; 
the  weight,  therefore,  of  the  veiTel,  in  water,  being  fubfl:raiiied  from  that 
difference,  will  give  the  weight  of  the  foflll  in  water,  and,  confequently, 
its  fpecific  gravity  in  water. 

And  to  fhew  that  this  method  wants  cot  proper  iiibjefts,  whereto  it  may 
be  apply 'd;  we  are  told,  that  one  of  the  beft  (brts  otSwedrJb  iron  is  often  found 
in  the  iorm  of  a  red  mud,  at  the  bottom  of  lakes,  or  other  ftagnant  water  : 
and  I  have  obferv'd  Englijh  okers  to  be  richer  in  iron,  than  fome  ores  of 
that  metal.  And,  an  experienc'd  writer,  upon  the  gold  and  filver  mines 
of  j^ir.erica,  takes  notice,  that  gold,  itfelf,  is  ofi^en  found  difguized  in  a 
reddifh  earth.  Vanmchio,  s\(o,  a  famous /M//rt«  mineralift,  tells  us,  that 
a  reddifh  fort  of  earth,  fometimes,  contains  the  richeft  metals.  I,  myfclf, 
have  obferv'd  feme  finely  figur'd  cryftals,  to  grow  in  a  red  earth.  And, 
lalMy,  a  traveller  prefented  me  with  a  certain  earth,  which  he  aflirm'd  to 
come  from  the  diamond-mines  j  and  this,  alfo,  I  found  to  be  red. 
cs  Ufmnii  ^"'  *  mineralift  may  make  a  more  advantagious  ufe  of  our  hydrofta- 
»migr»^>  '  tical  bucket,  by  employing  it  in  weighing  colour'd  fands  and  gravel. 
And,  to  ihew  how  apt  we  are  to  over-look  lands,  for  want  of  trying  them 
by  weight ;  I  have,  fometjmes,  ften  a  Ibrt,  flighted  as  worrhlels,  which 
■being  waDi'd,  and  view'd  thro*  a  microfcope,  a|^>ear'd  like  a  heap  of 
fmall  granats,  and,  perhaps,  were  really  fb.  But  what  is  more  extraor- 
dinary, having  obferv'd,  that  the  black  fand,  ufually  employ 'd  to  dry  frefh 
writing,  feem  d,  manifeftly,  heavier  than  the  common ;  I  examin'd  it  by 
the  hydroftatical  bucket,  which  gave  us  its  fpecific  graidty  to  water,  as 
■bout  4.tf  to  I  ;  and,  by  melting  it  down,  with  'two  or  three  parts  of 
antimony,  and  cafting  it  into  an  iron  cone,  I  found  it  of  an  irony  nature ; 
and,  by  applying  it  to  a  load-ftone,  to  be  fcr  richer  in  metal,  than  any  of 
our  £i^/»/ft  iron-ores;  for,  atleaft,  feven  parts  in  eight,  would  eafily  be 
taken  up  by  the  magnet.  But  fuch  obfervations  as  thefe,  are  not  my  chief 
motives  to  recommend  the  examination  of  fands  and  gravel  to  the  minera- 
iift.  Tis 
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Tis  well  known,  thtit  European   traders  yearly  bring  large  quan-   Static^. 
titles  of  gold  from  the  coaft  o£  guinea,  winch  is  wafli'd,  or  pickM  out  of  V^V^J 
the  fand.    And,  even  in  Europe,  there  are  rivers  whofe  fand  is  inrich*d  by 
grains  of  gold.   For  this,   the  Tagus,  that  runs  by  Lisbon,  and  PaEiolus, 
were  famous  among  the  ancients.    An  induftiious  chvmift  aflUr'd  me,  he 
got  gold,  with  profit,  from  the  land  found  on  the  banks  of  the  Rhine  : 
and  there  is  a  litde  river  in  Savoy,  on  the  banks  whereof,  after  a  land- 
flood,  I  faw  poor  people  employed  in  feeking  for  grains  of  gold*    Some  trial, 
alfo,  that  I  caufed  purpofely  to  be  made,  confirmed  me  in  a  perfuafion,  that 
the  fands,  of  many  places,  if  skilfully  treated,  by  chymifhy,  may  afford 
much  more  gold  than  is  got  from  them  in  form  of  grains.    For,  befides 
that  there  may  be  many  particles  of  gold,  fo  very  minute,  and  clofely  fixM 
to  grains  of  land,  as  not  to  be  taken  notice  of  by  the  eye,  or  prove  feparable 
by  wafhing  or  picking ;  there  may,  as  I  conceive,  be  many  Imall  portions  of 
that  metal  incorporated  with  the  body  of  the  fand^  which  a  skilfiil  artift, 
by  the  help  of  proper  additions,  might  leparate  to  good  advantage ;  efpe- 
cially,  if  with  litharge,  or  minium,  the  fand  be  firft  reduced  to  a  glafs  ; 
and  then  care  be  taken  to  get  the  volatile  gold,  by  giving  it  a  pure  bo- 
dy, fit  to  retain,  and  fix  it ;  luch,  for  example,  is    fine  filver ;  out    of 
which,  I  remember,  we  feparated,  by  quartation,  from  a  crucible  full  of 
vitrified  fand,  and  two  or  three  fluxing  materials,  of  fmall  price,  fixteen 
grains  of  pure  gold. 

Volatile  gola  is,  I  know,  by  many  learned  men,  look'd  upon  as  a  fifti- 
tious  thing ;  yet  I  have,  by  the  help  of  an  addition,  inconfiderable  as  to 
bulk,  and  more  fo,  as  to  weight,  without  a  naked  fire,  and  in  a  glals  re- 
tort, fublimed  crude  gold  ;  fometimes  in  the  form  of  a  yellow  lalt ;  and 
fometimes,  when  the  operation  fucceeded  better,  in  that  of  thin  cryftals, . 

Erettily  fhaped,  glofly,  and  as  red  as  rubies  :  this  by  the  bye.  It  may,  perh- 
aps, be  more  ufeful  to  learchers  after  rich  foflils,  to  obferve,  that  when 
they  meet  with  fands,  earths,  mineral  fragments,  &Ci  whofe  fpecific  gra- 
vity but  little  exceeds  that  of  cryftal, ;  and  yet,  by  the  place  wherein 
they  are  found,  or  by  other  tokens,  give  hopes  of  their  containing  par- 
ticles of  gold,  they  (hould  not  haftily  rejeft  them.  For,  having  Ibmetimes 
difcover'd  corpufcles  of  iron,  and  fteel,  in  a  vaft  variety  of  foflUs,  and  dif- 
guizes,  I  fulpeft  that  Ibmc  golden  particles  may  lie  concealed  in  fcve- 
ral  bodies,  which  are  thought  to  contain  no  metal ;  and  flill  more  in  me^ 
talline  ores.  , 

But  thole  who  would  apply  hydroftatics  to  ores  in  ceneral,  /hould  en-  ^^/^I^rfw 
deavour  to  procure  Ipecimens  of  different  mines,  elpecially  if  they  bei> 
found  in  the  fame  country  ;  and  either  by  trial,  or  ftrift  inquiry,  inform 
thcmfelves  what  proportion  of  the  relpeftive  metal  they  contain.  For 
the£b  portions  of  ores,  and  minerals,  being  carefully  weighed  in  air  and 
water,  and  their  fpecific  gravities  thereby  known,  may  fer\^e  for  a  kind 
of  ftandard,  wherewith  to  compare,  hydroftatically,  the  metalline  portions 
contained  in  other  parcels  ot  ore,  of  the  fame  fpecies.  Thus,  for  in- 
ftance,  aU  our  EngUJb  lead-ores^wonh  taking  notice  of^Jmay  be  divided  into 

three 


9timc,h  three  lands  J  and,  in  etdi  <«  thele, «  Utikode  aUoVd  kit  greater  or.^ljeis 
^^^f^  degjcets  of  ebodne&    Qftfaemt  ion:  are  thote  that,  m  die  bir£ftary 


;s  of  gbochie&  Of  the'ftft  ion:  are  thote  that,  m  die  bir£ftary 
^^^^^'  vtSfS^  mmng,  holdj  ibme  of  them,  fiK>m  thirty  to  Ibrtypotuids  of  lead 
in  an  hundred  we^^ ;  and  odiers,  to  £ftrty--five  pounds ;  wmcfa  are  ofien 
fllg^ited,  as  fiaroe  worth  the  working.  ThevxondlbrtniayreaAchfimnfii]^^ 
fife  to fittir pounds  inafanndredjbutdieii^uiludpxopordm,!^ 
in  my  triiw,  hadi  been  alx)ut  half  ditfWright  of  die  ore,  in  clean  stnd  mid* 
leaUelead.  The£e  are  dicmf^t  indifibrendy  good,  and  worth  die  worldn^ 
but  othem^  comprized  in  dus Teoond  fort,  hdd  about  fifty-five,  and  fbme  near 
fixty  poundsr  aiod  thefe  we  lookM  upon  as  pretty  rich.  As  fiir  the  diird 
Art,  It  may  confift  of  thofe  diat  jvdd  £rom  fixty  to  d^it^  pounds  in  die 
hundred ;  and  fiidi  ores  are  juftly  reputed  very  ridi,  eipecially  if  they 
come  near  up  to  ei^ity  pounds.  I  coofefs,  I  never  met  \ntfa  any  that 
ieach'd  fo  &r ;  but  was  afiurM  by  die  matter  of  his  ma jefty's  nun^  diat 
he  had  found  fbme  fuch.  Theie  look  as  if  thc^  were  all  metal ;  and  I 
iuLve  obierv'd  fbme  lumps  thereof  to  be  compos'a  of  feveral  large  cid)es, 
vtxy  firmly  adhering  to  one  another. 

•  As  to  the  ores»  preiented  me£rom  <U£b:ent  countries,  I  havemierted 
their  fpecific  erayides,  in  the  table  annexed  to  dus  treadfe ;  fuppofing  it 
may  be  of  ule,  in  shaking  a  con jediure,  with  other  concurrent  dxtum- 
fiances,  whether  a  mine  may  be  advantag^oufly  wrougiit ;  bu^  concurrent 
ciitumftances  are,  by  no  means,  to  be  n^e6led. 

SECT.   n. 

totiv  Materia 

?#^'^'^  deeply  red,  and  opake  hard  mineral,  call'd,  in  the  fliops,  by  the  name  of 
pu  HoBfttitea.  Lofis  H^tmtttites^  which,  the'  little  ufed  by  our  EngUfh  phyficians,  is,  in  fe- 
veral places  abroad,  highly  efteem'd,  and,  in  my  opinion,  not  without  caufe ; 
particularly  for  the  fomniferous  quality  to  be  obferv'd  in  fome  of  its  pre- 
parations. Of  the  EngUfh  fort  of  this  foflil,  we  weighed,  in  a  tender  ba- 
lance, a  piece  that  chanc'd  to  amount  to  three  ounces,  two  drams  ^,  firft 
in  the  air,  and  then  in  water ;  and  found  its  proportion  to  that  liquor,  as 
4.15  to  I ;  that  is,  almoft  twice  as  heavy  as  a  mere  ftone  of  equal  bulk. 
So  great  a  weight,  confirmed  me  in  the  conjedhire  I  had  made,  that  this 
ftone  contained  a  large  proportion  of  metalline  fubftance.  I  therefore  fub- 
limcd  it,when  finely  powder'd,  and  diligently  mix'd  it  with  a  double  weight 
of  fal-armoniac,and  found  it,as  I  expefted,  very  aftringent  upon  the  tongue, 
like  feveral  preparations  of  iron  ;  and,  for  a  farther  proof,  having  put 
lefs  than  a  grain  of  it  into  a  fpoonfol,  or  two,  of  a  ftrong  inf ufion  of 
galls,  it  immediately  produced  a  black  and  inky  mixture. 
To  tie  Uftt  Lapis  Lazuli  is  fometimes  ufed  by  European^  but  more  frequently  by 
LmmIi.  ^g  Arabian^  and  other  eaftem  phyficians ;  and,  particularly,  as  an  eme- 

tic ;  which  faculty  I  thought  it  poflefs'd,  upon  account  of  lome  metalline 
ingredient ;  and,  accordingly,  having  hydroitatically  examined  a  piece,  that 
was  judg'd  moderately  rich,  we  found  the  proportion  thereof  to  an  equal 

bulk 


^jgf  1  XT  E  come  now  to  the  fecond  paff  of  our  de(%n  j  that  is,  to  apply 
«^r    V  V^  the  hydroftatical  balance  to  the  Materia  medica.  And  fix^,  there  is  a 
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biUk  of  water,  as  3  to  x  j  which  argues,  that  notwithftanding  its  brisknefs  Statics-; 
in  operation,  it  contained  a  much  fmaller  proportion  of  metalline  fub-  KX^f\J 
fiance,  than  Lapis  Hamatitei^  or  feverai  lefs  violent  minerals. 

The  load-ftone  is  applicable  to  medicinal  ufes,  and  may  have  fenfible  tin  m^gnH. 
operations  upon  the  human  body ;  for  which  reafon  we  examined  it  hydro- 
ftaticalty,  and  found  the  weight  of  a  lump  thereof,  that  I  jude'd  to  be 
either  EngUfhy  or  Norwegian^  was,  in  proportion  to  water  of  the  lame  mag- 
nitude, as  4.93  to  I. 

Lapis  Calaminarisy  is  frequently  ufed  in  phy fie,  efpecially  by  chymifts,  c^ikmiwe. 
to  abforb  acidities  ;  for  which  purpofe  I  prefer  it  to  feverai  more 
famous  drugs  ;  but  though  'tis  uliially  employed  only  as  an  external 
remedy,  yet  fome  imcommon  chymical  preparations  of  it,  make  me 
think  it  delerves  to  be  further  examin^.  A  liamous  empiric  candidly  af- 
fured  me,  that  the  medicine  he  with  great  fuccefs  made  ufe  of,  againfl: 
fluxes,  was  nothing  but  pure,  and  well-ground  Lapis  Calaminaris ;  hence 
I  readily  con jeftiur'd,  that  it  participates  of  a  metalline  nature  :  which  may 
alfo  be  argued  from  its  operation  upon  copper,  which  it  tiurns  into  brafs : 
wherefore,  weighing  a  piece  of  this  foffil,  we  found  it  to  water,  as  4.59 

to  I. 

Let  it  be  here  obferv'd,  that  tho*  when  a  hard  foffil  is  found  to  be  much 
heavier  than  cryftal,  of  the  fame  bulk,  ^tis  very  probable,  the  folid  con- 
crete contains  a  confiderable  portion  of  fome  metalline,  or  ponderous  mi- 
neral body  ;  whence  its  good  or  bad  Qualities,  with  regard  to  the  animal 
OBConomy,  may,  probably,  be  deduced  ;  yet  'tis  very  poffible,  for  a  foffil 
to  be  endow  a  with  medicinal  virtues,  or  noxious  qualities,  on  account  of 
its  extraneous  matter,  tho'  its  fpecific  gravity  but  little  exceeds  tha^  of 
ciyftal,  or  the  difierencebe  inconnderable  ;  for  a  very  fmall  proportion  of 
aaventitious  metalline,  or  mineral  fubftance,  if  it  be  of  a  violent  nature, 
may,  in  fome  cafes,  diffiife  it  felf  thro'  the  reft  of  the  mafs,  and  impregnate 
it  with  adlive  qualities ;  as  we  fhall  fee  hereafter. 

But  further,  this  method  of  examination,  may  affift  us  to  guefs,  with  ^^  ^^ 
probability,  whether  a  mineral  body  be  of  a  ftony  nature,  or  not.  Thus 
coral,  for  inftance,  is,  by  fome,  thought  to  be  a  plant ;  by  others,  a  Lytho- 
dendron ;  but,  by  the  greater  number,  a  precious  ftone  ;  in  which  diffe- 
rence of  opinions,  its  fpecific  gravity  may  prove  of  confiderable  fervice. 
We,  therefore,  weigh'd  a  piece  of  choice,  and  well-colour'd  red  coral,  firft 
in  air,  and  then  in  water,  and  found  its  proponion,  to  an  equal  bulk  of 
die  latter,  to  be  as  2.68  to  x  :  whence  their  opinion,  who  take  it  for  a 
ftone,  feems  moft  probable  \  fince  its  fpecific  gravity  exceeds  that  of  cry- 
ftal. 

Pearls,  beeaufe  of  their  hardnefs,  are  often  thought  of  a  ftony  na-jp^^. 
ture.  A  monftrous  one  being  prefented  me,  that  was  taken  out  of  an  oy- 
fter,  its  fliape  irregular,  its  magnitude  extraordinary,  and  its  aerial  weight 
amounting  to  io6  grains  ^  I  weigh'd  it  in  water,  and  found  it  to  be  thereto 
as  2.5 1  to  1 :  fo  that  its  fpecific  gravity  nearly  equalled  that  of  cry- 
ftaL 

Calculi 
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cs;  Cdkuk  hmumi  An  fttqvcntfy  fnppoicd  to  be  true  and  genuine  fiones  $ 
tndi  kuieed,  the^j^^t  hardneis  of  ieveral  of  'em,  may  not  improperly  en- 
title them  to  that  appellation :  however,  I  fliould  rather  call  them  animal 
.floiies,  than  iimply  ftones;  which,  by  our  method,  may  be  eafily  <tiftin- 
'gojihUficom  dioie,  and  other  the  like  nard  concretions,  bmnd  in  the  bodies 
tf 'lydmals.  For,  having  a  confiderable  number  of  tbsfe  aninud  ftones ;  I 
foNttld,  VKHC  only  byehymical  analyfis,  that  they  belonged  not  to  the  min»al 
kingdom ;  but,  by  an  hydroftatical  examination  of  ieveral  of  tbem,  I  found 
they diflor^d greatly  in  ipedfic  gravityfrom  true  foBxl  ftones  ;  oneof  them, 
wei^ng  above  fix  drams  and  a  half,  was  fimnd  to  be  in  proportion  to  an 
equal  btdk  of  water,  as  1.76  to  i ;  and  another,  that  weigh'd  four  drams 
ttPd  above  a  half  in  die  lur,  being  aUb  weighed  in  water,  appeared  to  be 
dmcXoas  i^ptoi. 

I  mention  thefe  ftones  as  bdonging  to  the  Materia  medica,  tho*  they  are 
look*d  upon  rather  as  morbific  fubSances ;  becaule  a  famous  phyfidan,  who 
ma^lra  long  in  the  Ea/t^ImHes,  and  had  better  c^yportunity  than  any 
Smfean  had  beftire  him,  to  tiy  the  virtue  of  bezoar,  either  equals  or  pre- 
fers them  to  oriental  bttoar. 
»i  Immt.  We  made  the  like  experiment  upon  bezoar-ftones ;  the  firft  of .  which 
weifi^ng  in  the  air  three  drams,  and  odd  grains,  was  feund  to  be  m  pro- 
porSon  to  water  of  the  fame  bulk,  as  1.47  to  i.  Another,  weighing 
fomewhat  lefs  than  three  drams,  prov'dto  an  equal  bulk  of  water,  as  1.53 
to  I.  A  third,  being  the  nucleus  of  a  larger  ftone^  wdghM  in  the  air  two 
drams  and  fifty-one  grains  ^  and  its  proportion  to  water  of  dhe  fame  miug- 
nitiide,  was  found  as  1.55  to  z.  In  which  ieveral  in&moes»  we  may  o&- 
ierve,  that  thefe  animal  ftones,  not  amounting  to  twice  the  vmAt  of  an 
equal  bulk  cS  water,  have  a  lefs  fpecific  gravity,  by  above  a  fifth  part, 
than  a  true  foflil  ftone. 

SftSuHw^'ff     -^S^^^j  ^^  ^^y  ^y  hydroftatics  be  affifted  to  difcover  the  reiemblance 

mi^ng^  h€'  or  difference  between  bodies  of  the  fame  denomination.    Thus,  for  in- 

*bel^ifif^  ftance,  we  have  found  a  notable  difference  *  between  the  fpecific  weights  of 

minatwi.        fcveral  load-ftones  dug  up  in  different  countries  or  mines  :  and  if  a  greater 

number  and  variety  ol  experiments  of  this  kind  were  made,  we  might  pofli- 

bly  find,  that,  cater  is  paribus,  the  magnets  of  one  country  or  mine,  are  con- 

fiderably  heavier  than  thofe  of  anomer :  for  I  ufually  obferve,  that  the 

Englifb  and  Norwegian  load-ftones  are  heavier /»jj^^a>  than  thofe  which  are 

laid  to  come  from  Italy.    And  this  difference  of  weight  between  foffils  of 

the  fame  kind,  when  confiderable,  may  help  us  to  diSinguifh  between  the 

ftones  of  the  iame  loweft  fpecies,  that  are  peculiar  to  different  countries  or 

mines.     But  in  cafe  the  unequal  weight  proceed,  as  it  often  does,  from  an 

adventitious  matter  infinuated  into  the  more  genuine  part  of  the  foflil, 

whilft  that  remained  fluid  or  foft ;  it  may  enable  us  to  conjefture   at  its 

greater  or  lefs  purity ;  which,  on  many  occafions,  may  be  of  no  fmall 

ufe  to  a  phyfician,  a  jeweller,  or  a  naturalift. 

Ztiwien  giHHine     Another  confiderable  advantage  of  our  hydroftatical  method,  is,  that  it 

f^iu"^  ***'^  helps  us  to  difcern  genuine  ftones  from  counterfeit,  which  too  often  pafs 

for 
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for  true,  to  the  great  prejudice  of  phyfidans  and  their  patients,  and  the  Statics. 
great  lofs  of  lapidaries  and  their  cuftomers :  for  as  there  are  f(?w  qualities  of  K^y^\J 
bodies  more  eflential  than  their  ponderofity ;  fo  there  is  Icarce  any  wherein 
impoftors  Hnd  more  difficulty  to  make  a  notable  alteration,  than  in  this» 
without  being  difcover'd.  In  feveral  cafes,  indeed,  'tis  not  very  difficult  to 
alter  the  fpecific  weight  of  a  particular  body,  yet  it  may,  perhaps,  be  im- 
prafbicabie  to  make  a  confiderable  change  in  that  quality,  unlets  by  fuch 
additions  or  operations,  as  will  caufe  a  fenfible  alteration  in  fome  other 
qualities  too,  and  thereby  fubjeft  the  fallacy  to  a  difcovery.  And  this 
will  prove  more  particularly  difficult  to  vulgar  cheats,  or  adulterators  of 
gems,  and  other  valuable  minerals ;  becaufe  the  fmall  knowledge  they  have 
of  the  number  and  variety  of  natural  and  artificial  produftions,  confines 
them  within  narrow  bounds,  to  accomplifh  their  fraudulent  defigns.  And 
whilft  they  are  intent  upon  counterfeiting^  only  the  more  obvious  qualities  of 
things,  and,  perhaps,  upon  eluding  the  known  and  popular  trials ;  they  will, 
probably,  negledl  the  fpecific  gravity.  By  this  means,  a  pearl,  for  inftance, 
is  difcoverable  to  be  counterfeit,  without  the  leaft  prejudice  to  it.  And  I 
remember,  fome  faftitious  corals,  which  I  made,  to  (hew  what  might  be 
done  in  that  kind,  were,  notwithftanding  their  fine  colour,  Ihape,  and 
glofs,  eafily  difcoverable  by  their  fpecific  gravity  manifeftly  exceeding  that 
of  natural  corals. 

And,  fometimes,  I  have  made  paftes,  or  factitious  gems,  with  red  lead ; 
which,  tho^  tranfparent,  and  finely  coloured  ;  yet  by  reafon  of  their  weight, 
were  very  liable  to  be  detefted  by  hydroftatical  trials.  I  have  feen  a  fair 
adulterate  bezoar-ftone  fo  refembling  the  genuine,  that  a  great  price  was 
fet  upon  it ;  but  being  brought  to  me  for  my  opinion,  I  made  no  doubt  of 
its  being  counterfeit,  from  its  appearing  as  heavy,  as  a  mineral  ftone  of 
the  fame  bulk. 

Another  ufe  to  be  made  of  our  hydroftatical  method  of  examining  fob'ds,  ^^.^  ^. 
is,  on  many  occafions,  to  aflift  us  in  making  eftimates  of  the  genuinenefs,||^*^J^Xiif>» ' 
or  the  degree  of  purity,  of  feveral  bodies,  that  may  be  ufefully  employed  in 
phyfic ;  provided  they  are  heavy  enough  to  fink  in  water :  ror  when  we 
nave  once  found  the  fpecific  gravity  ot  a  concrete,  which  we  know  to  be 
good  and  genuine ;  the  degree  of  its  ponderofity  may  ferve  for  a  kind  of 
ftandard,  whereby  to  judge  of  other  portions  of  the  fame  denomination. 

A  great  dift'erence  fliould,  doubtlefs,  be  made  between  the  eftimate  of 
fome  ftones,  vulgarly  called  gems,  according  as  they  ferve  the  purpofcs  of 
j'ewellers  and  goldlmiths,  of  phyficians  or  chymifts:  for  the  tradefman, 
who  ulually  aims  wholly  at  the  beauty  and  luftre  of  a  ftone,  may  j'uftly 
efteem  thole,  cateris  paribus ^  the  beft,  which  are  in  fpecie  lighteft  ;  becaule 
fuch  are  generally  more  uniform  as  to  fenfe,  and  more  tranfparent ;  and 
alfo  receive  their  colour  from  pigments  of  finer  parts.  But,  on  the  con- 
trary, thofe  who  fcek  for  medicinal  virtues  in  gems,  may  j'uftly  value  fuch 
the  higheft,  as  are  moft  ponderous  ;  becaufe  they  are  more  plentifully 
ftock'd  with  metalline  or  mineral  fubftances :  whence  the  greateft  part 
of  their  virtue  is,  in  all  probability,  derived.    And  this  dificrence  in  the 
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ATics.  fpecific  weight  of  ftones  of  the  fame  name,  I  have  fometimes  found  far 
V^*'  greater  than  one,  who  has  not  trj'd  them,  would  imagine  ;  as  will  appear 
hereafter:  yet  I  would  not  from  hence  infer,  that  even  fuch  ftones  as  ap- 
pear fine,  and  are  but  light  in  their  kind,  have  not  mecalline  particles  that 
may  give  them  confiderable  medicinal  virtues.  For  there  are  mineral 
pigments  of  fo  fubcile  a  nature,  that  fuch  an  infenfibly  fmall  quantity,  as 
will  fcarce  render  them  heavier  than  colourlefs  gems,  may  be  diftufed  chro' 
the  whole,  and  impregnate  every  fenfible  part  thereof.  Thus  I  haye 
known  five  grains  of  powdcr'd  zaphora,  mi\'d  with  an  ounce  and  half  a 
dram  of  finely  puheriz'd  VeuiQe  glals,  and  kept  an  hour  in  fufion  by  a  very 
violent  fire,  aflord  a  tranfparent  mafs,  which  was  throui^hout  of  a  fine 
deep  blue  colour  ;  fo  that  one  part  of  the  pigment  tinged  above  a  hundred 
parts  of  the  glafs :  and  when  we  added  eight  grains  of  zaphora  to  an 
ounce  of  glafs,  that  is,  one  part  to  fixty  ;  the  mixture  having  been  kept  for 
the  like  time  in  ftrong  fufion ;  the  mafs  was  too  deeply  colour'd  for  a  hand- 
ibme  gem. 

And  further  to  manifeft,  that  a  little  metalline  matter  may  fuffice  to 
give  a  tinfture,  and  thereby  impart  a  virtue  to  a  vitreous  body,  and  even 
to  gems;  I  (hail  add  another  experiment.  I  had  long  conjeftured,  that 
there  was  in  granats,  efpecially  in  feme  of  a  deep  colour,  abundance  of 
chalybeate  corpufcles,  more  than  fufficient  for  the  granat  itfelf:  upon 
this  fuppofition,  I  took  a  German  granat,  which  I  had  kept  by  me  for  a 
rarity,  on  account  of  its  bignefs  and  deep  colour.  Of  this,  carefully  re- 
duced to  very  fine  powder,  we  exaflly  mix'd  eight  grains  with  an  ounce  of 
finely  pulveriz'd  cryltalline  glafs,  and  afterwards  kept  the  mixture  for  two 
hours  in  a  very  hot  furnace ;  by  which  means,  we  obtain 'd  a  pretty  uni- 
form mafs,  ting'd  of  a  green  colour,  like  what  prepared  iron  or  fteel  gives 
to  pure  glafs. 

Thus  much  may  ferve  in  fome  meafure  to  ihew  the  ufe  of  the  hydro- 

ftatical  method  of  examining  drugs ;  upon  a  fuppofition  that  they  are  folid, 

of  a  fufficient  bulk,  and  gravity  able  to  fink  them  in  water.    But  many 

fimples,  and  other  ponderable  fubftances,  that  may,  upon  good  grounds, 

be  refer 'd  to  the  Materia  medka,  want  one  or  more  of  thefe  conditions : 

i  fliall,  therefore,  offer  the  expedients  I  make  ufe  of  in  fuch  cafes,  to  bring 

them  to  this  hydroftatical  trial.     Kow  a  body  may  either  be  liquid,  and 

confequently  not  immediately  applicable  to  a  (lender  ftringj  in  the  form  of 

a  powder,  or  fmall  fragments,  andimpoflible,  or  difficult  at  leaft,  to  feften 

each  of  them  to  a  hair,  and  fufpend  it  as  a  body  of  a  greater  bulk  ;  or 

laftly,  diflbluble  in  water,  and  confequently  unfit  to  be  weigh *d  therein. 

IVi  -rtW  if      Suppofe,  then,  the  liquor  we  would  examine,  be  fpecificaUy  heavier  than 

Sir'rt'5-w^  water,  and  unapt  to  mix  therewith ;  I  take  fuch  a  bucket,  or  wide-mouth 'd 

^«Mr  It*"     glafs,  as  we  formerly  mention'd,  capable  of  containing  an  ounce  or  two  of 

|^'^^,JJ|^ common  water,  and  whofe  weight  in  air  is  about  three  or  four  drams.    This 

•»(6i  /■»  "-    glafs  we  weigh  very  carefully,  once  for  all,  firft  in  air,  and  then  in  water ; 

^Mct,  li  mn-  jjjjj  thereby  find  a  weight  equivalent  to  it  in  water :  which  being  put  into 

the  oppoiite  fcale  of  the  balance,  whilft  the  ve&I  hangs  under  the  furface 

of 
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of  the  water,  may  be  confider'd  as  having  no  weight  at  all ;  and,  confe-  Statics 
quently,  the  additional  weight  of  this  bucket,  may  be  alone  taken  for 
that  ot  the  contained  body  itlelf  in  water:  fo  that,  forinftance,  the  bucket 
thus  makes  a  mafs  of  quick-filver,  tho'  fluid,  as  fit  for  weig^ng  as  if  it 
were  coagulated  into  a  Iclid.  And  in  this  manner  we  proceed  to  weigh  it 
bydroftatically,  as  if  it  were  a  folid. 

But,  for  the  more  ready  performance  hereof,  *tis  convenient  to  have  in 
xeadinefs  a  couple  of  weights,  the  one  equal  to  the  weight  of  the  glafs- 
bucket  in  the  air,  and  the  other  to  the  weight  of  the  fame  in  water ;  for 
thefe  immediately  afford  a  counterpoife  to  the  veflel  in  either  medium. 
And,  thus,  we  put  a  fmall  glafs-jar,  capable  of  containing  half  an  ounce 
of  water,  into  one  Icale  oT  a  tender  balance,  and  furnifli'd  the  oppofite 
with  a  counterpoife  chiereto ;  into  this  little  veflel  we  pour'd  480  grains  of 
Spanijh  mercury,  and  fuflfer'd  the  bucket,  with  this  mercury  in  it,  to  hang 
by  an  horfe-hair,  from  one  of  the  fcales,  in  a  deep  glafs-veflel  of  water : 
there  was  now  in  the  oppofite  fcale  a  counterpoife  to  the  weight  of  the 
glafs  in  the  water ;  fo  that  the  weights  that  were  added,  gave  us  the 
weight  of  the  quick-filver  only ;  the  weight  of  the  glafs  being  already  al- 
low d  for.  By  this  means  we  found  the  weight  of  the  quick-filver,  in  wa- 
ter, to  be  446  grains  j  whereby  the  greater  number  being  divided,  the 
quotient  is  14,  and  about  t4-:  lb  that  the  mercury  appeared  to  be  in  gra- 
vity, to  water  of  the  fame  bulk  as  14.XX  to  i  :  tho,  in  former  trials,  I 
Icarce  found  common  quick-filver  to  weigh  full  fourteen  times,  and  fome- 
times  fcarce  thirteen  and  a  half  lb  much  as  an  equal  bulk  of  water.  Whe- 
ther the  weight  of  the  prefent  mercury  proceeded  from  its  participating  of 
gold  more  than  others ;  which,  from  another  experiment,  leem^d  not  im- 
probable ;  I  will  not  here  determine. 

However,  upon  abundance  of  tryals  of  this  kind,  I  did  not  find  that 
all  running  mercuries,  tho'  thev  appeared  unadulterated,  were  precifely  of 
the  lame  weight.  Nay,  I  obferv'd,  that  even  diftill'd  mercuries,  if  once 
combined  with  metalline  bodies,  and  particularly  if  drawn  from  fine  gold, 
diflferM  more  from  the  common  fort,  than  thefe  from  each  other : .  and,  al- 
fo,  between  common  mercuries  diftillM,  we  found  a  notable  difference. 
And,  by  this  method,  tho'  not  always  with  the  fame  eafe,  we  may  exa- 
mine the  fpecific  gravity  of  other  heavy  fluids  that  are  indifpofed  to  mix 
with  water;  fuch  as  are,  for  inftance,  the  chymical  oils  of  cinnamon, 
cloves,  guaiacum,  &c.  But  what  made  me  the  more  circumftantial  in  de- 
livering the  foregoing  experiment,  was,  that  this  praftical  direftion  for 
weighing  one  liquor  in  another,  will,  hereafter,  appear  applicable  to  very 
ufetul  purpofes. 

The  way  of  bydroftatically  examining;  the  powders  and  fragments  of  r«^i«»»«d 
finking  bodies,  hath  been  already  touched  upon ;  and  differs  little  from  the^f^*^'  'f^ 
ibrmer :  only  it  deferves  to  be  again  repeated,  that  great  caution  muft  be 
here  ufed  to  moiften  the  powder  with  the  fame  water  wherein  Yis  to  be 
.weighed,  before  the  experiment  is  began ;  that  the  liquor  may  have  time  to 
ipfinuate  itfelf  between  the  dry  corpufcles,  and  thence  expel  the  air  that 
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ATics.  was  hafbour'd  in  their  intcrftices :  for  thefe  litcle  aerial  portions,  it  hoc 

YN-'  thus  feafonably  expcll'd,  would,  upon  ihc  immerfion  of  the  vefl'cl,  produce 

numberlefs  bubbles  in  t:  c  water,'  that  would  buoy  up,  or  fallen  them- 

felvcs  to  the  fmall  bodies,  and  render  the  experiment  uncenain,  or  fella- 

cious. 

If  this  way  of  examining  bodies  be  carefully  praftifed  by  a  skilful  hand. 

Rind  with  a  tender  balance,  it  may  prove  of  confiderable  ufe  to  phyficians, 
druggifts,  apothecaries,  lapidaries  and  goldfmiths.  Thus,  for  exam- 
ple, the  fragments  of  the  five  precious  ftones,  that  are  made  ingredients 
erf  Co»(/f^(o  Mar/wr/jr,  may  each  fort  of  them,  a~part,  be  properly  exnmin'd 
1^  their  weight  in  water,  when  the  true  fpecific  gravity  of  a.  parcel  of  the 
fineft  is  once  known.  And,  by  the  way,  tho'  granats  are  reckoned  among 
the  five  precious  medicinal  ftoneS,  and,  in  foiue  difpenfatories,  are  pre- 
fer'd  as  the  beft  j  1  have  found  a  great  difference,  in  point  of  pondero- 
fity,  between  European  and  American  granats,  compar'd  with  others,  which 
1  myfelf  took  out  of  an  odd  Amerknii  mineral  j  whence,  'tis  natural  to 
conclude,  that  their  virtues  might  be  very  different,  if  not  as  to  kind,  yet 
at  leaft  as  to  d^ree.  And  not  only  faftitious  pearls,  that  ofien  pafs  for 
genuine,  may  often,  by  this  expedient  be  difcover'd,  efpecially  if  mercury 
enter  their  compofition  ;  but  we  may,  probably,  by  the  fame  method,  di- 
ftinguifli  the  natural  pearls  of  fevcraJ  kinds,  and  difterent  countries  ; 
whereof  1  have  feen,  and  poflefs  a  far  greater  variety  than  would  ea- 
fily  be  credited.  But,  becaufe  it  more  concerns  phyficians,  and  their  pa- 
tients, to  make  an  eftimate  of  feed-pearls,  than  cf  tlie  larger  fort,  that 
are  feldom  ufed  but  for  ornament ;  I  ihall  here  obferve,  that,  when  fur- 
nifli'd  with  very  fine  oriental  feed-pearls,  which  ftem'd  proper  for  a  ftan- 
dard  wherewith  lo  compare  others,  we  found  them  to  water,  of  the  fame 
bulk,  as  2 -f  to  I. 
*WiMdte  But  whatcourfc  muft  we  take,  when  the  body  to  be  hydroftatlcally  ex- 
■*»55iiLw^*niiti'd,  wiJldiflblve,  or  eafily  mix  with  water  ?  Why,  tho'  the  propo- 
fed  body  cannot  be  immediately  weighed  in  water  ;  yet  we  may  fnbftinite 
another  liquor,  that  will  not  diffolve  it,  and  thereby  find  its  fpecific  gra- 
vity to  that  medium ;  and  then,  by  comparing  the  difference  of  thofe  two 
liquors,  in  point  of  gravity,  we  Ihall  difcover  the  body's  wdght  in  water  ; 
iuppofing  it  could  have  been  kept  undiflblv'd  therein.  Confidering,  then, 
that,  except  quick-filver,  the  vtfible  fluids  we  can  command,  are  either  of 
an  aqueous,  or  oily  nature  ;  and  that  moft  bodies,  whereof  we  can  make 
iblutions  in  liquors  of  the  former  kind,  will  not  diffolve  in  thofe  of  the 
latter;  we  prefume,  that  the  moft  faline  bodies,  fuch  as  alum,  vitriol, 
fal-gem,  borax,  fublimate,  &c.  may  be  commodioufly  weigh'd  in  oily  6u- 
■  idSf  as  oil  of  turpentine,  for  inftance,  or  rather  the  fpirit  of  turpentine, 
which  ly  in  this  cafe,  prefer  to  any  other  fluid. 

And  here,  to  avoid  the  trouble  of  calculation,  we  may,  often,  eafily 
find  the  fpecific  gravity  of  bodies  to  others  of  the  fame,  or  a  difierent 
4>ecies  ;  and  fb  make  a  prdjable  guefs  as  to  their  genuinenefs,  by  being 
provided  with  ooe  piece  ox  the  body,  of  kaowa  puii7>  to  &rve  as  a  ftan- 

daxd. 
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dutdb  Thii^  ioT  exam^e^  if  the  goodneis  of  fublimate  be  faipeCkedj  take  Statics. 
an  ounce  of  fome  that  is  known  to  be  fine,  carefully  balance  it  in  oil  V^VNn^ 
of  turpentine,  said  note  its  weight  therein ;  then,  an  ounce  of  the  fufpe6ied 
fubUmate  being  weight  as  the  fermer,  if  it  prove  of  the  fame  gravity 
with  the  ftandard,  it  may  be  fuppofed  good  ,*  but  if  it  weighs  lefs,  'tis  a 
Gga  it  wants  a  due  proportion  </ mercury.  The  iame  method  is  applica- 
b&  to  Mercurius  dukis,  and  many  other  bodies,  wholly,  or  pardallv  difTo- 
luble  in  water ;  as  alum,  which  is  often  fophifticated  with  fome  bailer  fait ; 
to  Rtmtan  vitriol,  which  is,  fometimes,  either  counterfinted,  or  adultera- 
ted, by  roch-alum  and  a  tinSbure  of  copper :  and,  according  as  the  weight 
of  die  body  in  oil  recedes  more  or  lefs  m>m  that  of  the  flandard  i  fb  the 
adulteration  may  be  probably  concluded  lefs,  orjgreater. 

I  might,  alfo,  obferve  another  ufefiil  way  ofeflimating  the  gravity  oiAmOm  m^  ti 
folids  and  fluids,  by  taking  a  heavy  fdid,  and  carefully  obferving,  once^'^^JljL^ 
for  all,  its  weight  in  the  air ;  then  weighing  the  iame,  firft  in  one  of  the  ibOi, 
liquors  to  be  examined,  and  afterwards  in  others :  whence,  the  difference 
between  the  folid,  and  each  of  the  fluids  being  obferv'd,  'tis  eafy  to  find 
the  fpecific  gravity  of  each,  and  to  affisn  the  proportions  betwixt  them. 

But  if  omy  one  iblid  be  employed,  tis  neceffary  fuch  an  one  be  chofen ; 
as  hath  a  much  greater  fpecific  gravity  than  is  barely  neceffary  to  fink  it  in 
water ;  becaufe  fome  Kquors  are  much  heavier  than  that :  nay,  it  ought 
to  be  heavy  enough  to  fink  in  all  fluids,  except  quick-filver,  if  'tis  de- 
fign'd  for  experiments  in  general.  But  'tis  not  very  eafy  to  pitch  upon 
fuch  a  fingle  folid  as  hath  all  the  qualities  requifite  to  our  purpofes :  for, 
it  ought  not  to  lofe  any  of  its  weight  by  the  infenfible  avolation  of 
efiluvia,  vet  be  of  a  confiderable  fpecific  gravity,  and  not  too  large^ 
or  intenfely  heavy,  leflb  it  overload  a  tender  balance,  or  require  too 
much  liquor  to  furround  it ;  its  texture  fhould  te  proof  againft  fharp 
and  piercing  menflrua  j   it  fhould,  alfo,  be  of  a  make  not  liable  to  be  • 

broken  or  fpoil'd ;   and,  lafUy,  of  a  natural,  uniform,  and  procurable 
fubftance. 

Brimftone,  hard  wax,  ivory,  and  white  marble,  have  been,  when  pro- 
perly fhaped,  feverally  made  ufe  of  for  this  purpofe ;  yet  they  all  wanted 
one  or  other  of  the  defirable  qualifications  mention'd.  I,  therefore,  firc- 
.  quently  employ 'd  three  other  bodies,  as  more  proper.  The  firfk  was  a 
piece  of  amber,  between  three  and  four  drams  in  wdght,  of  a  high  yellow 
-colour,  very  tranfparent,  and  of  an  uniform  texture,  and  convenient  iigure. 
This  we  apply 'd  to  examine  the  lighter  fort  of  liquors,  fuch  as  water, 
wine,  brandy,  &c.  but  'tis  not  proper  for  the  more  ponderous  liquors, 
fincc  'twill  float  at  the  top  thereof. 

The  fecond  is  a  globular  glafs,  which  I  caus'd  to  be  bbwn  at  a  lamp, 
and  to  be  hermetically  feal'd  at  the  neck,  that  was  pufpofely  made  very 
fhort,  after  there  had  been  lodg'd  therein  juft  as  much  quicfc-lilver  as  wc 
guefs'd  would  ferve  to  fink  it  in  any  fluid,  except  mercury.  This,  by 
reafon  of  its  great  bulk,  in  proportion  to  its  weight,  was  fit  to  difcover 
minute  difierences  in  the  gravity  of  the  liquors  'twas  weighed  in,  and 

could 
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Ties,   could  not  be  corroded  by  (harp  menflrua ;  and,  therefore,  on  feveral  occt- 

Y^KJ  (ions,  I  prcfcr'd  this  inihiunent  to  either  of  the  other. 

But  this  being  too  liable  to  accidents,  for  experiments  that  are  to  be  im- 
parted, and  recorded  for  pofterity  ;  I  made  ule  of  rock-cryftal,  wiiich,  on 
account  of  its  numerous  good  qualities,  affords  a  rit  meafure,  whereto 
other  bodies  may  be  compared.  Of  this  pure  concrete,  we  employ 'd  an 
almolt  compleat  globe,  weighing  in  the  air  two  ounces,  thirty-three  grains ; 
wherein  were  two  fmall  holes  near  one  another,  that  might  eafily  be 
flopped  up  with  hard  wax,  after  an  horfe-hair  had  been  ruii  thro*  them  ; 
by  means  whereof  it  was  eafily  faften'd  to  the  fcale,  and  made  to  hang  in 
the  water.  The  bulk  of  this  (phere  made  it  the  more  fit  to  diicover  fmall 
differences  between  liquors,  in  point,  of  gravity.  But,  becaufe  we  may 
have  often  occafion  to  know  the  weight  of  fluids,  which,  by  realon  of  their 
fcarcity,we  can  command  only  in  fmall  quantities;  as  cliymical  oils,  tinctures, 
eflences,  &i.  we  provide  for  fuch  liquors  an  hexagonal  prifm  of  nanu-al 
cryftal,  with  a  kind  of  pyramid  at  one  end;  which,  by  reafon  of  its  oblong 
Hgurc,  might  be  commodioully  weigh'd  in  a  ilcnder  cylindrical  glals,  that 
required  but  a  Cnall  quantity  of  liquor  to  furround  a  body  fo  conveniently 
Oiaped,  and  that  weigh'd  in  the  air  but  half  an  ounce,  and  lixteen  grains. 
And,  to  render  the  obfervations  made  with  thefe  two  bodies  upon  medi- 
cinal, and  other  liquors,  the  more  ufeiul ;  let  it  be  taken  notice  of,  once 
for  all,  that  the  ball  of  cryftal  was  to  an  equal  bulk  of  water,  as  2.57  to 
I,  or  thereabouts;  and  the  priljTiatica]  obiong  piece,  as  2.66  to  i,  to 
the  fame. 

I  have  been  the  more  pardctilar  upon  the  way  of  trying  the  gravity  of 
feveral  liquors  with  one  lolid,  becaufe  a  double  application  may  be  made 
of  it  on  leveral  occafions,  ferviceable  to  chymifts,  phylkians,  apothecaries, 
And  others. 

fc/eNMI  kIm     And,  firft,  a  piece  of  clear  amber,  or  fome  fuch  convenient  body,  that 
'f'  is  not  too  httle,  nor,  in/pecie,  too  heavy,  may  ferve  the  chymift,  apothe- 

cary, &c.  to  make  probable  gueffes  at  the  degree  of  fpirituofity,  or  tenu- 
ity, to  be  found  in  many  liquors  belonging  to  the  vegetable,  or  animal 
kingdom ;  and  this  with  fer  lefe  error,  than  by  thofe  ^ns  whereon  the 
common  conjedlures  are  grounded.  For,  a  fiandard-Hquor  being  provi- 
ded, 'twill  be  eafy,  by  obferving  the  different  weigi«s  of  amber  in  leveral 
fluids,  to  judge  of^the  finenefsofany  of.themin  its  kind;  {or,  ctturis  farituSf 
that  is  the  thinneft,  or  abounds  moll  in  fpirituous  parts,  whMe  the  folid 
weighs  more  than  in  another ;  as,  for  inflance,  the  amber  we  em- 
ploy'd,  that  in  water  weigh'd  6  4  grains,  weigh'd  in  common  red  French 
wine  8  -f  grains ;  in  common  brandy,  of  a  pretty  good  fort,  17  f  grains ; 
*nd  in  fpirit  of  wine,  h^hly.reftify  d,  34fgrains.  The  fame  way  may 
be  empi^'d  to  ]Udg&  of  the-  ftrength  of  fpirit  of  vinegar,  &c.  But  here 
it  muft  pafs  for  a  general  rule,  that,  probably,  as  in  liquors  the  folid 
weighs  more  or  lefs,  according  as  the  liquor  'tis  weigh'd  in,  is  more  or 
lefs  fpirituous  ;  fo,  on  the  contrary,  in  acid  fpirits  and  liquors,  the  lefs  the 
folid  weighs,  tiia  ftronger  the  iloid  mud^be.r^piimt  j-thacgreaEer  decreaie 
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of  weight  proceeding  ufually  from  the  greater  proportion  it  contains  of  Statics. 
fixed  falts. 

Tis  another  advantage  of  this  method,  that  as  the  common  way  of 
trying  the  goodnels  of  £>irit  of  wine,  brandy,  &c.  by  fetting  fire  to  a 
fpoonful  of  them,  to  fee  now  much  is  inflammable,  an4  what  portion  of 
phlegm  will  be  left  behind  ;  whereby,  in  traft  of  time,  a  confiderable  lofs 
is  fuftain^d ;  the  proper  proof  may  be  made  in  our  way,  without  any  fuch 
ezpence. 

By  thefe  obfervations,  alfo,  eftimates  may  be  made  of  undiftill'd  liquors 
of  the  lame  kind  ;  as,  feveral  forts  of  beer,  ale,  cyder,  &c.  and  the  fame 
folid  may  be  employed  to  compare  liquors  of  different  kinds  with  each 
other. 

But  if  the  liquors  to  be  examined  are  very  ponderous  ,•  amber  will  not 
be  a  proper  folid  in  this  cafe :  for  I  have  found,  by  trial,  not  only  that  it 
fwims  or  floats  in  feveral  fluids  made  by  iblution  of  falts,  whether  in  the 
moift  air,  or  with  water ;  fuch  as  oil  of  tartar  per  deliquiumy  a  folution  of 
the  {alt  of  pot-afhes,  &c.  but  that  fome  diflill'd  liquors  would  not  fu£fer  it  to 
fink  to  the  Dottom  of  them  j  as  I  found  in  oil  of  vitriol,  fpirit  of  nitre,  and 
even  good  fpirit  of  fait. 

There  is  ftill  another  ufe  to  be  made  of  our  hydroftatical  folid,  which 
may  frequently  be  as  confiderable,  in  general,  by  aflifting  in  proportioning 
the  ftrength  ol  menftrua  ;  as  the  former  is  to  difcover  the  ftrength  of  par- 
ticular liquors  already  prepared.  For  there  are  many  experiments  that  do 
not  fucceed  fo  well,  unlefs  the  liquor  be  of  a  determinate  degree  of  ftrength. 
Thus,  I  have  found,  that  ]£  Aqua  fortis^  whofe  ftrength  is  reckoned  the 
beft  quality  it  can  have,  were  reftify'd  too  high,  it  would  not  difTolve 
filver  ;  but  require  to  be  weakned,  by  an  addition  of  water ;  and  that  it 
would  not  near  io  well  diflblve  the  rafpings  of  crude  lead,  when  only  mo- 
derately ftrong,  and  fit  to  diffolve  filver,  as  when  confiderably  diluted  with 
water.  And  in  making  extracts  from  many  vegetable  fubftances,  chymifts 
themfelves  may  fall  into  a  miftake,  by  afiefting  to  employ  their  moft  refti- 
fyM  fpirit  of  wine,  as  the  beft  menftruum  for  their  purpofe ;  for  the  me- 
dicinal virtue  of  many  fuch  bodies  does  not  wholly  refide  in  what  they  call 
their  fulphur,  or  rolin,  which  indeed  is  beft  diflblved  by  highly  reftify'd 
fpirit  of  wine ;  but  in  a  more  gummy,  and,  perhaps,  mucilaginous  fub- 
fiance,  for  whofe  extradHon  a  moderately  low  ipirit  is  more  proper. 
Thus  we  fee  that  gum-arabic,  gum-tragacanth,  &c.  are  indifpofed  to  dif- 
folve with  the  beft  reftify^d  fpirit  of  wine,  but  readily  mix  with  more 
aqueous  liquors.  And  fome  bodies,  tho'  diffoluble  in  both  kinds  of  men- 
ftrua ;  yet  open  lefs  eafily  to  ftrong  fpirit  of  wine,  than  waterilh  fluids ; 
as  may  be  obfervM,  particularly,  in  myrrh. 

And  thus  much  may  ferve  to  fhew  how  ufefiil  it  will  be,  on  feveral  oc- 
cafions,  to  regard  the  degree  of  ftrength  of  the  menftruum,  or  liquor,  em- 
ployed in  any  curious  experiment  ,•  fo  that  when  it  fhould  be  repeated  to 
the  feme  purpofe  only,  we  may  be  able  to  bring  the  fluid  we  make  ufe  of, 
to  the  fame  d^ree  of  ftrength  widi  that  before  employed,  which  produced 
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*ics.  the  dcfiened  efieft .  But,  in  very  accurate  experiments.'tis  proper  to  obfervc,' 
(TV*  -that  if  the  liquor  be  very  ponderous  in  Specie,  as  oil  of  vitriol,  or  oil  of  tartar 
fer  Aeliquium;  fomethJiig  ought  to  be  placed  in  the  fcalc,  from  which  the  fi>- 
Jid  hangs,  to  compenlate  ior  the  increas'd  part  of  the  hair,  which  muft 
be  conlmer'd  as  a  fomewhat  lighter  body  than  the  fluid,  and,  therefore, 
capable  of  buoying  up  the  folid. 
fcf  "•■  Befides  the  method  juft  mention'd,  there  is  another,  which  wc  have  of- 
U^/e.  ten  found  of  fervice,  in  comparing  the  weight  of  difteient  liquors  of  the 
fame  magnitude.  This  is  done  by  fucceffively  filling  a  vial,  furnifh'd  with 
a  long,  (lender  cylindrical  ftem,  to  a  certain  ftanding  mark,  made  near  the 
top,  w  ith  the  fevcral  liquors,  to  be,  by  weight,  compared  together.  But 
this  not  being  liydroftatical,  I  fliall  no  longer  infift  upon  it  here.  To  pro- 
ceed, therefore,  there  is,  likewifb,  another  way  to  difcover  whether  two 
or  more  liquors  propofed,  differ  in  fpecific  gravity  ;  and  to  makefome  efti- 
mate  of  their  diflerence:  I'/x..  by  a  hollow  cylinder  of  brals,  or  other  me- 
tal, made  fomewhat  heaiy  at  the  bottom,  that  it  may  fwim  upright ;  which 
will  fink  more  or  Icfs,  in  feverul  liquors,  as  they  are  lighter  or  heavier 
-than  one  another.  But  Merfmmis,  who  propofes  this  way,  confeffes  it  to 
be  very  difficult  to  make  fure  obfenations  thereby  ;  to  which  I  add,  that 
the  metal  may  be  corroded,  or  otherwife  affefted  by  urinous  menftrua. 

What  MerJ'ennus  faid  of  this  infli-ument,  is  apphcable  to  a  different  one, 
made  of  two  glafs  bubbles,  and  a  very  (lender  ftem,  which  is  hermetically 
fcaled;  with  a  ballaft  of  quick-filver,  in  the  lowclt,  to  keep  it  fteady,  when 
partially  immers'd  in  liquors  ;  where  like  the  metalline  cylinder,  it  finks 
deeper  in  the  lighter  than  in  the  heavier,  according  to  their  differences  in 
gravity.  But  tho'  I  have  often  employ 'd  this  inftrument,  and  found  it 
ferviceable,  when  I  made  ul'e  of  feveral  of  different  fizcs,  according  to  the 
'  various  liquors  I  was  to  examine ;  yet  it  is,  in  many  calcs,  inferior  to  the 
balance. 

Merfeimus,  alfo,  propofes  another  hydroftatical  manner  of  weighing  li- 
quors in  water,  thus.  Take  a  glafs  vial,  to  which,  being  firft  weigh  d  in  air, 
and  then  in  water,  you  are  exafUy  to  fit  a  ilopple  of  wax,  or  cork ;  this 
done,  fill  the  vial  with  the  liquor  you  would  examine,  fo  that  no  air  be  left 
between  that  and  the  ilopple  :  the  velfel,  thus  fill'd,  is  to  be  weigh'd  in 
water  ;  and  fubftraftingfrom  its  weight  there,  that  of  the  glafs  in  water, 
and  alfo  that  of  the  ftopple,  the  remainder  will  give  the  weight  of  thehquor 
in  water.  This  may,  perhaps,  be  ferviceable,  on  fome  occafioiis,  yet,  I 
fear,  it  is  troublefome,  in  pradiice ;  for,  ordinary  vials,  capable  of  con- 
taining a  competent  quantity  of  liquor,  are  ufually  too  heavy  to  be  applied 
to  tender  balances  ;  and  common  Itopples  will  be  fubjeft  to  various  incon- 
veniencies :  for  which  reaJbn,  I  prefer  to  it  a  method  1  formerly  thought  of, 
and  which  I  have,  fometimes,  put  in  praftice,  by  chufing  a  fmall  round 
vial  ;  and,  iiiftead  of  ordinary  Itopples,  fitting  it  with  one  of  glafs,  carefully 
ground  to  the  neck  of  it :  for,  by  this  means,  the  inconveniencies  of  a 
'ftopple,  lighter  than  water,  were  avoided  ;  nor  would  that  alter  its  fpecific 
^avity,  either  by  abforbing,  or  evaporating ;  nor  would  it  be  penetrated 
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by  the  moft  fwbtle,  or  corroded  by  the  moft  fretting  fpirits :  to  which  maly  Statics:' 
be  added,  (becaufe,  in  fome  cafes,  it  is  confiderable)  that  a  glafs  ftopple  V^^VVJf 
will  not  communicate  any  tinfture,  or  extraneous  quality  to  the  liquor ; 
which  cannot  be  faid  of  cork,  or  wax,  in  regard  of  fome  fubtile,  and  very 
corrofive  liquors.  This  vial,  then,  together  with  its  ftopple,  being  carefully 
weighed,  firft  in  air,  and  tten  in  water,  to  fettle  the  gravity  of  the  whole 
inftrument;  we  6ll*d  it  cxaftly  with  the  liquor  to  be  examined,  and  pro- 
ceeded  as  if  we  were  to  weigh  quick-filver,  in  the  manner  already  dc- 
Ibribed  :  the  weight  of  the  given  liauor  in  water  being  thus  obtained,  its 
proportion,  to  an  equal  bulk  thereof,  may  be  eafily  dilcoverM.  This  way 
of  examining  liquors  has  its  ufe;  and  1  the  rather,  fbmetimes,  made  choice 
thereof,  becau&  'tis  applicable  to  all  kinds  of  fluids^  whether  heavier  in. 
Specie  than  water,  or  lighter. 

Laying  afide  the  ftopple,  the  roimd  ball  may  ferve,  on  feveral  occafions, 
inftead  cf  the  hydroftatical  bucket,  formerly  mentioned ;  for  the  weighing 
of  quick-filver,  and  heavy  powders  ;  efpecially  coarfe  ones.  But,  if  the 
inftrument  be  fitly  ihaped,  and  not  too  heavy,  a  greater  conveniency  than 
this  attends  it :  lot  when  you  have  liquor  enough  to  furround  the  bottl^ 
it  may  be  oommodiouflyfubftitutedforthe  hydroftatical  bubble, with  quick-^ 
filver ;  its  exa£l  ftopple  fupplying  the  place  of  an  hermetical  feal :  and, 
befides,  'tis  far  lefsfubjecb  to  break  than  a  bubble.  That  I  made  moft 
ufe  of,  which  weighed  about  yop  grains,  being  well  ftopp'd,  with  only  air 
in  it,  would  fink,  by  its  own  weight,  in  brandy,  wine,  water,  &c.  A  nd, 
if  it  were  to  be  employed  in  liquors  much  more  ponderous  than  water^  ai 
Aquafmis^  oil  of  tartar  ^«^  deUquium^  &c.  Was  eafy  to  fit  it  for  them,  alfo, 
by  putting  into  it  a  quantity  of  quick-filver,  of  a  determinate  weight, 
before  it  be  ftoppM ;  which  balaft,  when  the  operation  is  over,  may  be 
eafily  taken  out>  and  kept  a-part  for  the  like  ufes. 

But,  notwithftanding  all  this,  fince  glafles  of  a  proper  fize,  (hajpe,  and 
weight,  fit  for  tender  balances,  and  ramifh'd  wirii  exad^  glafs  ftopples, 
are  very  difficult  to  procure ;  and  fince  the  way  itfelf  is  fubjeft  to  iome 
inconvcniencies,  it  feems,  in  general,  that  this  way  of  finding  the  weight 
of  liouors  in  water,  is  inferior  to  the  more  fimple  ones,  before  recom^ 
mended. 

Having  now  laid  down  the  method  of  weighing  one  liquor  in  another,  ttfc  uft  MmJsJ^ 
'tis  fit  we  fubjoin  fome  application  of  it.  ^i^Sg  Ze 

Among  other  advantages  of  hydroftatics,  to  a  fagacious  phyfician,  'tis  ii*«/-<  »«»*■*■ 
none  of  the  leaft,  that  it  gives  him  the  fpecific  gravities  of  various  liquors  ; 
which  may  not  only  help  to  diftinguifh  the  genuine  and  good,  from  the 
adulterate  and  decay'd,  but  ferve  to  other  purpofes  alfo.  Inflinces  here- 
of are  aftbrded  by  the  juices  of  herbs,  and  fruits;  a  determinate  quan- 
tity of  which,  being  firft  weigh'd  in  the  hydroftatical  bucket;  and  fome 
oil  of  tiurpentine  poured  on  it,  we  fink  it  warily  in  the  fame  liquor,  whofe 
(pecific  gravity  to  refined  filver,  or  clear  rock  cryftal,  is  before-hand  care- 
fully regiftrecl :  for  thus  fubftituting  this  oil  for  common  water,  we  may 
difcover  the  fpecific  gravity  of  liquors  that  would  mix  with  water.    And, 
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•Hex-  by  this  means,  we  may  find,  not  only  the  difference  in  weiglit,  between 
1^^  the  juices  of  plants  of  differing  kinds,  but,  on  fome  occafions,  obferve  how 
far  the  keeping  of  a  juice,  for  lome  time,  or  the  fermentation,  or  pucrefadtion 
thereof,  will  alter  its  fpccific  gravity.  Other  liquids,  alfo,  that  are  ufed 
in  phyfic,  but  not  ponderable  in  water,  may,  by  this  way,  be  examin'd  ; 
as  honey,  iTiiegar,  verjuice,  &c.  And,  by  the  lame  method,  likewile,  the 
fpccific  gravity  of  the  juices  of  fruits,  maybe  difcover'd,  and  compared  to- 
gether. And  hence  a  perlbn  of  curioliiy  will,  probably,  be  enabled  to 
take  notice  of  the  differences  produced  in  their  fpecific  gravities,  thro'  their 
feveral  fuccelTive  ftates,  at  diflerent  times.  Thus  the  juice  of  ripe  grapes 
alters  when  newly  prefs'd  ;  af;ain,  when  it  begins  to  ferment ;  when  it  be- 
comes new  wine  ;  when  it  has  attain'd  its  full  maturity,  and  perfedtion  ( 
and,  laftly,  when  it  degenerates  into  prick 'd  wine,  and  abfolutely  changes 
into  vinegar,  or  Vappa. 
MKMr-  It  may  be  here  proper  to  obviate  an  objeftion,  that  will,  probably,  bo 
iftmi  made  agalnll  the  method  hitherto  deliver'd,  of  finding  a  proportion  in 
weight,  betwixt  a  linking  body,  and  water  of  the  fame  bulk.  Naturalifts 
might  alledoe,  that,  by  this  method,  we  cannot  difcover  the  proportion 
between  a  folid  body,  and  water  in  general ;  but  only  betwixt  the  pro- 
pofed  body,  and  the  particular  water  tis  weigh'd  in  j  becaufe  there  may 
be  a  great  difparity  between  liquors  that  are  calfd  common  water.  Thus 
fome  travellers  tell  us,  that  the  water  of  the  river  Ganges  is,  by  a  fifth 
part,  lighter  than  ours. 

To  this  plaufible  objeflion,  I  anfwer,  firft,  that  having  had  opportu- 
nity to  examine  the  weight  of  various  waters,  fome  of  them  taken  up  in 
places  very  diftant  from  one  another,  I  found  the  difference  between  their 
fpecific  gravities  to  be  exceeding  fmall ;  perhaps,  not  above  the  thoufandth 
part  of  the  weight  of  either ;  nor  did  I  find  any  confiderable  difference, 
between  the  weight  of  feveral  waters  of  differing  kinds ;  as  between  fpring- 
witcer,  rivep-water,  rain-water,  and  Ijiow-water  :  tho*  this  laft  was  fome- 
what  lighter  than  any  <rf  the  reft.  And  having  received  water  from  the 
river  Gmies  itfelf,  I  found  ic  very  little,  if  ac  all,  lighter  than  fome  of 
our  common  waters. 

And,  feeondly,  'tis  not  necelTary,  that  the  proportion  obtainable  by  onr 
Biethod,  fhould  be  mathematically  exa£): :  for,  in  experiments,  where  we 
are  to  deal  with  grofs  matter,  and  employ  material  inftruments,  a  phy- 
fical  accuracy  will  fuffice. 
*  *•  There  is  an  ufe  of  hydroftatics,  which  tho'  it  do  not  direftly  tend  to  the 
,gfi,^«.  examination  of  the  Materia  meiiica,  may  yet  be  ferviceable,  both  to  the 
phyficianand  the  nacuralift,  in  delivering  defcriptions  thereof;  and  thereby 
inoirefUy  conduce  to  the  knowledge  of  drugs  ;  and  help  to  diftinguiQi  be- 
tween genuine  and  adulterate  fimples.  Tis  known,  that  the  writers  upon 
the  Materia  medica,  ufuallyfet  downthe  magnitude  of  thebodies  they  de- 
icribe,  by  very  uncenain  eueOes  j  and  thofe  who  alSgn  them  determinate 
meafures,  either  do  it  by  faying,  fuchafruit,  for  example,  is  an  inch,  or 
tw*  inches  long,  and  haii  an  inch,  or  a  whole  one,  broad  :   but,  accor- 
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ding  to  this  way  of  defcribing  bodies,  there  may,  by  reafon  of  the  great  Statics. 
variety  of  figures  they  are  capable  of,  be  a  very  great  difference  in  the  VXStV^ 
bulk  of  bodies,  to  each  of  which,  the  fame  length  and  breadth  are  ap« 
plicable. 

I  caufed  feveral  cid)es  to  be  carefully  made,  by  skilful  artificers,  of  dif- 
ferent fizes,  and  materials,  whofe  fides  were  each  of  them  an  exaft  inch, 
or  a  precife  number  of  inches.  Thefe  cubes,  being  carefully  weighed  in 
exa£b  balances,  firft  in  air,  and  then  in  common  water,  we  concluded, 
from  the  refult  of  our  feveral  trials,  that,  without  confiderable  error,  a 
cubical  inch  of  water  might  befuppofed  to  weigh  256  grains. 

Suppofe,  then,  for  exanjple,  that  a  folid  heavier  inffecie  than  water, 
having  been  weighed  firft  in  the  air,  be  found  in  water  to  lofei^tf  grains 
of  its  weight;  the  dimenfions  of  this  folid,  if  it  were  of  a  cubical 
(hape,  will  eoual  a  cubic  inch ;  fo  that  if  the  given  body  be  fuppos'd  a 
metal  eafily  fufibl^  as  tin,  or  lead,  melted  and  pour'd  into  a  hollow, 
metalline,  cubic  inch,  and  fufferM  to  cool,  it  would  exaftly  fill  it.  For  a 
finkipg  folid  weighs  lefs  in  water  than  in  air,  by  the  weight  of  an  equal 
bulk  of  water.  And,  as  a  cubical  inch  of  water  weighs  256  grains,  it  fol- 
lows, that  when  the  decreafe  of  a  body's  weight  in  water,  is  23:6  grains^ 
the  folid  content  of  that  body  is  a  cubical  inch  ;  fince  a  body  of  water, 
weighing  2ftf  grains,  is  equal  in  magnitude,  as  well  to  the  folid,  as  to  a 
cubic  inch  ofwater. 

And  here  it  may  prevent  a  fcruple,  to  oblerve,  that  to  make  bodies 
equal  in  magnitude,  it  is  not  neceffary  that  they  Ihould  be  of  the  fame 
weight,  or  matter  ;  as  is  evident  in  bullets  of  copper,  tin,  and  gold,  caft 
in  the  fame  mould.  For,  tho'  they  be  all  equal  in  bulk,  yet  the  bullet  of 
copper  will  be  much  heavier  than  that  of  tin  ;  and  the  bullet  of  pure 
gold,  more  than  twice  as  heavy  as  that  of  copper.  Whenfcever,  there- 
fore, a  folid,  ponderous  enough  to  fink  in  water,  lofes  therein  2  j5  grains 
of  the  weight  it  had  in  air ;  the  magnitude,  or  bulk  of  that  body,  is  equal 
to  a  cubical  inch  \  of  whatever  matter  it  confifts,or,  of  what  (hape  foever 
it  be.  And,  in  cafe  the  folid  propofed,  lofes  of  its  weight  in  the  water, 
lefs  than  256  grains;  its  bulk  will  be  proportionably  lefs  than  a  cubical 
inch.  Thus  every  32  grains  that  the  fohd  lofes  of  its  weight  in  the  wa- 
ter, anfwers  to  an  eighth  of  an  inch  in  the  bulk  of  the  body  :  fb  that  if 
the  decreafe  be  128  grains,  the  folid  will  be  half  a  cubic  inch;  and  if 
but  <^4  grains,  a  quaiterof  a  cubic  inch :  on  the  other  fide,  if  the  decreafe  of 
the  given  body,  exceed  the  ftandard,  256  grains,  twice,  thrice,  &c.  the  body 
will  be  equal  to  two,  three,  &c.  cubical  inches. 

'Tis  eafy,  from  the  dodlrine  delivered,  to  difcover,  hydroftatically,  the^^-^;^^jj^y^ 
folid  contents  of  a  body,  heavier  infpecie  than  water :  but  to  meafure,  by  W'^r  «/•  Mf 
the  help  of  water,  the  folidity  of  a  body  lighter  infpecie  than  that  ^mo^^'^i^'^ 
is  a  work  of  more  difficulty.    In  order  to  it,  we  may  confider  there  are  ^»*^* 
two  forts  of  bodies,  which  will  not,  naturally,  fink  in  water  ;  fome,  being 
cf  a  clofer  texture,  refilling  it ;  and  others  abounding  with  pores,  which 
difpofe  them  to  imbibe  the  water. 

X  X  2  Now 
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Now  the  weight  of  a  body  of  the  firft  kind,  may  be  gathered  from  that 
of  the  water  equal  in  magnitude  to  the  immerfed  part  of  tlie  body,  when 
it  floats  freely  thereon.  Thus,  if  a  parallelopipid,  or  a  cylinder  of  wood 
twelve  inches  long,  placed  upon  water,  Ihould  reft  there  when  a  twelfth 
part  of  it  lies  beneath  the  furface  of  the  fluid ;  the  weight  of  the  water, 
equal  in  bulk  to  that  immerfed  twelfth  part,  would  be  equal  in  weight 
to  the  whole  body  of  the  wood.  But  becaufe  the  bodies,  whofe  bulk  phy- 
ficians  and  chymifts  may  have  occafion  to  examine,  will  very  feldom  hap-» 
pen  to  have  regular  figures ;  'tis  proper  to  add  another  method,  more  fuita- 
bie  to  the  prelent  defign.  To  meafure  then  the  fblid  contents  of  bodies 
fpecifically  lighter  than  water,  but  irregularfy  Ihaped  *  ,•  the  body  muft, 
firft,  be  weighed  in  air.  2.  A  plate  of  lead,  capable  of  finking  this  body 
hi  water,  and  of  fome  round  fum  in  weight,  ihould  be  provided,  j.  This 
plate  being  weigh'd  in  water,  and  its  weight  therein  iubftrad^ed  from  its 
weight  in  air,  will  give  the  weight  of  as  much  water,  as  is  equal  in  bulk 
to  the  immerfed  lead ;  or  the  fpecific  weight  of  the  lead  in  water.  4.  The 
plate  of  lead,  and  the  lighter  body,  muft  be  tied  together  with  horfe-hair, 
and  the  weight  of  the  aggregate  noted.  5.  This  aggregate  muft  be  weighed 
in  water,  and  its  weight  therein  fubftra£ted  from  that  it  had  in  air  ,*  and 
the  diflference  will  give  the  foecific  weight  of  the  faid  aggregate  in  water, 
tf .  From  this  difference  fubltraft  the  Ipecific  weight  of  tte  plate  in  water> 
and  the  remainder  will  give  the  weight  of  the  lighter  body  m  the  fame 
fluid.  Then,  laftly,  that  weight  of  the  light  body  in  water  being  divided 
by  256  grains,  will  give  its  folid  content. 

To  clear  and  confirm  this  method  by  an  example  ;  we  took  a  conve- 
niently fliaped  piece  of  oak,  that  weighed  in  air  ipj  7  grains-,  to  this  we 
tied,  with  an  horfe-hair,  a  plate  of  lead,  weighing  juft  240  grains.  But, 
before  we  tied  them  together,  the  lead  was  weighed  in  water,  where  it 
loft  of  its  former  weight  20  grains;  which,  being  dedudled  out  of  the 
^40  grains,  left  a  difference  of  20  grains,  for  the  fpecific  weight  of  the 
lead  in  the  water.  Then  the  aggregate  of  the  wood  and  lead  was  weigh'd^ 
firft  in  the  air,  and  found  to  be  43  3  4-  grains,  and  next  in  water,  where 
it  amounted  but  to  162  grains ;  which  being  fubftrafted  from  the  aggregate 
of  the  fame  bodies  in  air,  the  difference  was  271  4  grains;  from  which, 
the  other  diflference  of  20  grains  of  the  leaden-plate  in  water  being  de- 
duced, there  remained  2ji  4- grains,  for  the  weight  of  a  bulk  of  water 
equal  to  that  of  the  given  piece  of  wood.  Now,  if  this  number  of  grains 
had  amounted  to  2  $6,  we  might  have  concluded  the  folidity  of  the  body 


*  There  is  a  very  eafy  method  of  ob- 
taining the  content,  or  cubic  meafure,  of 
any  folid,  tho'ever  fo  irregularly  figured. 
For,  fmce  fuch  a  body,  immerfed  in  a 
fluid  v^herein  it  will  not  diffolvc,  caufes 
that  fluid  to  rife  in  direft  proportion  to 
the  bulk  immerfed  ;  if  the  fluid  be  con- 
win'd  in  a  cylindrical  or  prifmatic  veflel, 


and  the  additional  height  given  it  by  the 
body  be  marked  on  the  vcffel ;  this  will 
enable  us  to  meafure  a  part  of  the  whole 
cylinder  or  prifm,  equal  in  bulk  to  the 
irregular  body.  And  thus  may  the  folid 
content  of  flatucs,  carv'd  or  cmbofs'd 
work,  Qfc*  be  known. 


to 
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to  be  a  cubic  inch;  (ince  25  tf  grains  of  water,  which  we  fbrmerfy  found  Statics. 

3ual  to -a  cubic  inch  of  water,  was  alfo  now  found  equal  to  the  bulk 
the  given  piece  of  wood  And  having  caufed  the  wood  I  employed 
to  ht  lormed  into  a  cubic  inch  i  the  di&rence  of  its  weight  in  water 
froni  2  J  5  grains,  may,  probably,  be  imputed  to  fome  little  imperfeftion  in 
the  figure,  or  other  like  drcumftance.  Firft,  then,  die  cube  of  oak  ia 
air,  weight  iP3  4-  grains.  2.  The  lead  in  air,  240  grains.  3.  The  lead 
in  water,  220  grains  s  which,  fubftraAed  from  its  weight  in  air,  leaves 
for  its  fpecific  weight  in  water,  20  grains.  4.  The  aggregate  of  the  twa 
in  air,  433  4  grains.  5.  The  weight  of  both  together  in  water,  i6z 
.grains ;  which,  fubftradted  from  the  fum  of  their  wei^  in  air,  gives  the 
difference  of  the  two  feveral  aggregates,  271  4  grains,  tf.  The  difierencc 
between  the  weight  of  the  lead  in  air,  and  in  water,  20  grains ;  which^ 
fubftrafted  from  the  difference  of  the  weights  of  the  aggr^tes  in  air,  and 
in  water,  gives  for  the  weight  of  the  propofed  cube  2514  grains. 

This  way  of  meafuring  bodies  is  appropriated  to  fuch  of  them  as  will 
not  readily  diflblve  in  water.    But,  becaufe  there  are  many  other  folids, 
as  (kit,  alum,  vitriol,  fugar,  tic.  whofe  magnitifdes  it  may  often  be  proper 
)W,  and  compare  5  I  Ihall  a ' ' 
to  folids  diflbluble  in  water 

turpentine,  whofe  proporti ^ ^ ^ , 

wife  known.  To  difcover  this,  I  employed  the  hollow  cubic  inch  of  brafs, 
made  ufe  of  to  find  the  weight  of  a  cubic  inch  of  water ;  and  found,  that^ 
when  carefully  filled,  it  contained  221  -f  grains  of  this  ciAt  by  which  num- 
ber, the  difference  of  the  weight  of  a  folid  in  the  air,  and  in  niat  oil,  being 
divided,  the  quotient  will  give  the  fdid  contents  of  the  body  to  be  ex- 
lunined. 

Let  us  now  confider  how  fuch  bodies  as,  by  their  porofity,  are  iubjefl; 
to  imbibe  too  much  of  the  liquor,  while  the  experiment  is  in  nand. 

Merfennus's  expedient,  in  this  cafe,  is  to  cover  the  body  to  be  weigh'd  ia 
water,  with  wax,  pitch,  or  fome  other  glue,  of  a  known  fpedfic  weight 
in  water.  But  I  prefer  bees-wax  for  this  purpofe ;  and  proceed  with  it 
in  the  following  manner.  The  folid  which  is  lighter  riian  water,  having 
been  firfk  weigud  in  air,  over-lay  it  earefiilly  with  thm  bees-wax ;  then 
take,  alfo,  in  the  air,  the  weight  of  the  wax  employed ;  and  h&en  to  the 
body  thus  coated,  a  plate  of  lead,  or  tin,  heavy  enough  to  fink  it ;  and  ob- 
ferve  the  weight  or  the  aggregate  in  water.  This  done,  fubftraft  the 
weight  of  as  mud)  water  as  is  equal  in  bulk  to  the  wax,  and  proceed  as  is 
before  taught. 

.  But  this  method  helps  us  only  to  the  weight  of  the  propofed  body  m 
water ;  to  difcover  its  folid  content,  we  mufl  mvide  the  weight  of  the  lolid 
in  water,  by  256  grains. 

And,  by  tbe  way,  I  have,  fometimes,  made  ufe  of  another  expedient  to 
hinder  fmall  folids,  whether  lighter  or  heavier  infpecie  than  water,  from 
imbibing  the  liquor  wherein  they  were  weighed :  for  having  firft  found  the 
weight  of  a  cubic  inch  of  quick-^ver  i  we  placed  the  body  to  be  mea-  ' 
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rATics.  fured,  in  a  veflel,  whofe  folid  contents  were  known  before-hand  ;  when, 
"^CKJ  the  fpacc  that  remain'd  unpoflcffed  by  the  firm  body  being  fill'd  with  quick- 
Tdver, 'twas  eafy  to  know,  by  the  difTerence  in  weight  of  that  quick- 
I  0ver,  from  the  weifjhc  of  the  quick-fih^er  requifite  to  hll  the  whole  veflel, 

f  how  much  thereof  was  equal  to  the  furrounded  body.     And,  by  this 

means,  and  the  knowledge  before  gain'd  of  the  weight  of  a  cubical  inch  of 
mercury,  the  fblid  content  of  the  body  propoied,  was  eafily  obtain'd. 
■t  ttturM      Before  I  put  an  end  to  this  difcourfe,  'tis  proper  to  (hew  what  credit 
yi^M^l  f"3y  be  given  to  the  eftimates  of  the  weights  and  proportions  of  bodies 
•ivmij.      obtain'd  by  hydroftatical  trials ;  bccauie  mathematicians,  either  not  know- 
ing, or  not  applying  our  obfer\ation  about  the  Specific  gravity  of  rock- 
eryftal,  and  the    nature  of  oil  of  curpeatine,  have  given  us  very  diffe- 
rent accounts  of  the  proportions  of  metals,  and  a  very  few  other  familiar 
bodies,  which  are  all  they  fecm'd  to  have  examin'd  by  this  method. 

And,  indeed,  I  fliould  not  be  iVirprized  to  find,  that  the  experiments 
of  the  fame  perlbn,  made  at  diftant  times,  and  under  difterent  circum- 
ftances,  difagreed ;  for  fome  dift'erence  there  may  be  betwixt  the  waters  em- 
ploy'd  in  this  cafe ;  efpeciaily  it  the  air  be  at  one  time  intenfely  hot,  and  at 
another  exceeding  cold.  The  difference,  alfo,  of  degrees  in  goodnefs  of  the 
balances  ufed  in  nice  experiments,  is  not  altogether  inconfiderable.  But  A 
greater  hindrance  to  the  accuracy  of  hydroftatical  experiments,  is  the  diiE- 
culty  of  finding  an  exaft  uniformity  in  weights  of  the  fame  denomination, 
which  are  vulgarly  fuppofed  to  be  exadly  equal.  I  have  myfelf  found  it  fo 
difficult  in  praftice  to  procure,  and  keep  weights  as  exadl  as  1  defired,  that  Z 
have  left  off  the  hopes  of  it ;  for  the  very  air  may,  in  time,  caufe  an  alte- 
ration in  them.  And  tho'  the  accurata  Ghetaldut's  tables  of  the  weight  of 
metals,and  fome  other  bodies,  in  refpefl  to  one  another,  are  look'd  upon  as 
the  moft  authentic  that  have  been  publilh'd  ;  and  are,  accordingly,  the  moft 
made  u&  of;  yet  'tis  certain,  the  weights  he  employed  are  not  divided  as 
ours  are.  For  tho ,  according  to  him,  as  well  as  with  us,  the  ounce  con- 
fifis  of  four  and  twenty  fcruples  ;  yet  the  icruple,  which  with  us  is  divided 
but  into  twenty  grains,  he  divides  into  twenty^our.  But  tho'  hydrofta- 
tical ej^rimeuts  are  Hot,  always,  either  lingly  accurate,  or  exa^y  agree- 
able to  one  another ;  they  prove  accurate  enough  to  be  very  ufeml  in 
pra&ice,  and  more  exa£i  than  any  other  nmhoal  hitherto  employ'd,  of 
determining  the  proportions  of  bodies,  in  point  of  weight  and  bulk,  and 
of  meafurii^  their  folid  contents ;  but,  elfKciallyr  fuch  little  ones  as  are 
neceflary  to  oe  examined  in  the  Materia  medica.  And  this  is  a  corollary 
iiom  the  whole  of  what  we  have  deliver'd. 

And,  indeed,  as  little  as  my  skill  is  in  hydroftatics,  I  would  not  be 
debarr'd  from  the  ufe  of  it,  for  a  very  valuable  confideration  ;  for  it  has 
already  done  me  acceptable  fervice,  and  on  a  vaft  variety  of  occafions  ; 
efpeciaily  in  the  examination  of  metals  and  mineral  bodies,  and  of  le- 
vexal  chymical  productions.  I  have  often  been  able,  by  its  means,  to 
vadeceive  arttfts  in  their  perfualion  of  pofleffing  LuMa  fixa,  and  other 
valuable  commodities ;  and  to  make  a  judgment,  as  to  the  genuinenefs 
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or  -fiaUity,  and  as  to  the  degrees  of  wonh  or  ftrength.  o£  manj^  ricH  ^d  Static«« 
poor ' metalline  mixturesi  and  other  bodies^  both  iolid  and  mid;  whdeVi/y^^ 
bur  appearances  might,  otherwiie,  have  xreatlv  decdved  me. 

And,  to  fliew  fome  curious  perfons  how  btr  hydroftatics  might  be  fer- 
viceable  to  as  accurate  menfurations  as  need  be  expefted  in  phyfical  expe- 
riments s  I  defired  a  Tirtuofo  to  mix  tin  and  lead  in  a  certain  proportion,, 
unknown  to  me ;  and  melt  them  into  one  mafs  ;  which  I  careMly  weighed 
in  water,  and  alfo  examined  it  algebraically ;  and  from  hence  affign'd  the 
refpeftive  quantities  of  each  ,•  which  agreed,  within  little  more  than  a  grain, 
with  thofe  he  had  committed  to  paper,  before  he  mixed  them.  And 
this  fmall  difference,  probably,  proceeded  from  fome  fcarce  avoidable  in- 
ncciiracies  in  melting  and  managing  the  given  bodies* 

To  conclude ;  'tis  not  to  be  expefted,  that  the  fpecific  gravities  of  the 
bodies  mentioned  in  the  following  table,  ihaO,  all  of  them,,  be  foimd,  in  fu-*- 
ture  tryals,  precifely  the  fame  as  we  there  exhibit  them.  For,  befides 
that  experiments  are  made  by  peribns  of  di£ferent  qualifications,  with  dif- 
ferent degrees  of  care,  and  with  different  inilruments ;  ^  the  varieties  may 
proceed  Irom  a  diflference  in  the  texture  and  compa£):nefs  that  may  be 
found  in  feveral  bodies  of  the  £ime  Idnd*  For,  neither  nature,  nor 
art,  give  to  all  the  productions  of  the  fame  name,  a  mathematical,  pre^ 
cifenefs,  dther  in  gravity,  or  other  qualities. 


^  Dr.  jj^ln  recommends  ic^  as  a  necef- 
ikry  caufio*,  to  ell  thoTe  yfAub  fliall  at- 
tempt to  weirii  dry,  potous  fdids  in  wa- 
ter, for  philoiq)hicAl  purpofes,  thet,  by 
Ibme  proper  means,  tney  Ml  extricate 
die  air.  out  of  all  the  fmaU  pores  aad  ca- 
Tities  cli  them ;  whereby  tbe  water  may 
have  free  liberty  to  enter  thereat :  others 
wife,  the  air  contain*d  therein,  by  Iceep- 
ing  the  water  out,  will  .render  the  folid 
lifter  in  water  than  it  really  is.  Tbe 
beft  way  of  avoiding  this  mconvenienoe, 
the  DoSor  tells  us,  is  to  fet  the  veffel  of 
water,  wherein  the  folid  isimmerfed,  un- 
der the  recewer  of  an  air-pump,  and  ex- 


tract the  air  out  of  the  body ;  wUch  will 
fucceed-  the  better  if  the  water  be  firft^ 
heated  over  the  fire :  or,  in  defeft  of  an 
air-pump»  he  direCb  us  to  let  tbe  folid,  if. 
its  texture  will  f|^ly  permir,  continue  for 
fome  time  in  boiling- water,  over  the  fire. 
To  a  ncgled  of  this  obfervation,  the  Doc- 
tor thiiiks,-  among  other  things,  is  owing 
th^t  difference  &und  in  the  accounts  of" 
the  fpecifio  gravity  of  the  Cuktili  bumam. 
And  when  the  air  is  t|»us  eztraQed  out  of 
wood,  as  oak,:fir,  &c.  and  the  roots,  ftalks» 
leaves,  and  feeds  of  vegeuUes,  they  prove 
fpecifically  heavier  tbm  wtter»    PbU^*- 


rhi 
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r^A  TABLE  of  the  fpecific   Cravitits  of  Bodies;}^ 
comfared  with  Water.  * 


A  Gate ■  ■'  ■■  — 

A  piece  of  alum-ftone        - 

Amber     —  — 

Antimony,  good,  and  fuppofed  Hun- 


IVeigh'd  la  Wa- 
in Air.    ter. 

^06 


Bczoar  ftone    —    "  — 

A  niece  of  the  fame      ■  ■■— 
A  fine  oriental  one  — — 

Another —  — 

Calcului  bumanus    •  • 

Another ■ 

Calx  of  lead  ^ —     

Cinnabar,  native —     —    —• 

Cinnabar,  native,   and  very  fparkling 
Cinnabar  common  '—  ■  —     ■■ 

Cinnabar  of  antimony  —  

Coco-Ihell     — •  ■■■     ■         - 

Copper-ore  —  — —  — 

Copper-ore,  rich    —  —  —    — 

Copper-ftone  — — 

Coral,  white       —         —     ^^ 

Anotlier  piece,  fine  '    -■     

Coral,  red       —  ^— 

Crabs  eyes,  native—    ■  -^ 

Crabs  eyes,  artificial  -  ■     ■     ■  ■  -  ■ 

Gold-ore,  not  rich,  but  brought  from 

the  Eaji-Indies > 

Another  lump  of  the  fame • 

Granat,5oA«w/«i —        —        ^— 
Granati  minera  —  

Lapis  Calamnoiis       ■  -—  — 

Hamatites,  EngUfij  — 

—  '  '  ■  ytidaicHS  '  '  ■  —  

Lazuli,   one  piece  —      -'■ 

A  fragment  of  the  fame-^       ^  — 
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Another  •—  ~*       .      ^  ^ 

Another  from  yamaica  —•  —  -^— 
Lead-ore  •"  — — 

Another  piece  bom  CumUrland,  rich 
Manganefe,  a  piece  —  ■     ' 

Marcaiite  —  -  — — 

Aaother  from  StaUrldge  —  — 
Another  more  fliining  than  ordinary 
Mineral,  Conw/ft,  like  a  Jhining  mar- 

cafite  —  ^—  — 

Ore  of  filver,  dioice  from  Saxony  — - 
Another  piece    —  —  —  ■  — 

OfteocoUa    —        —       —         — 
Rhinoceros*s  horn—       —  ^ 
Rock-cryftal  — 

Slat,  Iripy \ 

Sulphur  vivum  —  '  ' 

German,  very  tine     — — -      — 
Talc,  a  piece  like  Lapis  Amianthus 
C  Venetian   —    •'•         — —      — 

(of  Jamaica  ^   ^      •— f  — 
Tin-gUfs  —  —    —  — 

Tin-ore,  New-Englijh  —  —  -r- 
Tin-ore,  biack,  rich- — ,  -*-  — 
Another  piece,  choice    —  ■  ■ 

Tutty,  afmglepiece    —  —  —  — 
Vitriol,  Engl,  a  very  fine  piece- 
Vitrum  A«tirtio?ui  —— ~—  —  ^^~^~ 

Unicorn's  horn,  a  piece 

*  Later  triali  have  futnifh'd  u*  with  I  tiet  ^Ibtidi  aod  fiuidj, 
the  following  ublc  of  the  fpcci&c  gtavi- 1 

J  T'JSLE  (f  the  fpccific  Gravities  df  fcoeral  folid 
and  fluid  Sodies, 
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Honey ■     ■  " 
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Oil  olive '  — — 

Spirit    ofturpcntine  — 
Reaifiedfpiritofwim 

Dry  a(h 

Dry  maple       ■ 

Dry  elm  — 

Dry  fir 

Cork 


-i.ojo 

—1,030 

-  •.i"3 

-0,874 
-o,86tf 
—0,800 

=.7SS 


— o,tioo 
0,550 


-0,140 
—0^0014 


AN 


( 347.) 


{ 


A  N 


Hydroftatical  Difcourfc, 


By  w»y  of 


'^nfwer  to  the  Obje^ms  <f  Dr.  M  O.  K,  E,    and 
others,    againfi  jome    Exflanations  of  partsc$dar 


Experiments: 


With  farther  Cmfi derations  thereon. 


cc 


SECT.    I. 

Finding  no  cat^ifc  to  alter  my  judgment,  ts  to  the  fdutions  I  have 
given,  of  feme  of  my  experiments,  attacked  by  Dr.  M>rt ;  I  here 
de(ign  to  vindicate  them  from  his  objeflions. 

And, 
pretends, 
with  a        ^ 

fure  of  the  atmofphere ;   because,  fays  he,  "if  this  foiution  were  mily 
"  mechanical,  he  muft  have  affign  d  the  true  mechanical  caufe  of  the  gravity 

of  all  the  parts,  and  of  the  whole  atmofphere/* 

To  this  I  anfwer,  that  in  delivering  my  experiments  about  the  efiefts  of 
the  air,  I  did  not  intend  to  write  a  whole  fyftem,  or  fo  much  as  the  ele- 
ments of  natural  philofbphy ;  but  having fumciendy  prov'd,  that  the  air  we 
live  in,  is  not  deftitute  of  weight,  and  has  an  elaftic  power ;  I  endea- 
voured, by  thofe  two  principles,  to  explain  the  phenomena  exhibited  in  our 
en{;ine  ;  without  recourfe  to  a  Fuga  vaculy  an  Atumamundi^  or  any.fuch  \m- 
philofophical  principle.  And  fince  fuch  kinds  of  explanations  have,  of  late, 
generally  been  calld,  mechanical,  as  being  grounded  upon  the  laws  or 
mechanics,  I  thought,  as  I  permit,  fo  I  might  be  allowed,  the  ufe  of  that 
term  ^  and  to  entitle  my  explanations,  mechanical,  in  the  ufual  fenfe  of 
that  expreffion.  I  am  not  obliged  to  treat  of  the  caufe  of  gravity  in  ge- 
neral, fince  many  propoficions  oi  Archimedes ^  Stevinuiyand  othnsrs,  who  liave 

Y  y  i  VrritteA 
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ATics.  written  of  ftatics,  are  confefs'd  to  be  mathematically,  or  mechanically  de- 
V"^*'  mooftrated  ;  tho*  thofe  authors  do  not  aflign  the  true  caiife  of  gravity,  but 
take  it  for  granted,  as  a  thing  univcrfally  acknowledg'd.  And,  if  in  each 
fcale,  of  an  ordinary  balance,  a  pound  weigh:,  for  inftance,  be  put;  he 
who  Oiall  fay,  that  the  fcales  har.g. in  equilibrium,  becaule  the  equal  weights 
balance  one  another  i  and,  in  cai'c  an  ounce  be  added  to  one  of  the  fcales, 
and  not  to  the  oppofice,  he  who  fliall  fay,  that  the  former  is  deprcfs'd,  be- 
caiife  urg'd  by  a  greater  weight  than  the  otiier,  will  be  thought  to  have 
given  a  mechanical  explanation  of  the  equilibrium  of  the  icalcs,  and  their 
lofingit;  tho'  he  cannot  givea  truecaufe  why  eitherofthofe  fcales  tends  to- 
wards the  center  of  the  earth.  Since,  then,  to  affign  the  true  caufc  of  gravity, 
is  not  required,  even  in  ftatics,  dio' one  of  the  principal,  and  moft  known 
parts  of  mechanics;  why  may  not  other  propoCtions,  and  accounts,  that 
fuppofe  gi'avity  ia  the  air,  and  prove  it  too,  be  look'd  on  as  mecha- 
iiical  > 

The  Doftor,  however,  is  pleas'd  to  grant  me  almoft  as  much  asl  need  de- 
fire,  as  to  the  truth  of  the  hypothefis  whereon  my  explanations  are  found- 
ed. The  principal  thing  which  I  fuppofe,  in  my  hyclroftatical  writings, is,  that 
in  water,  tho'  ftagnant,  the  upper  paiTs  actually  gravitate  upon  the  lower  ; 
or  prefs  upon  them,  even  when  they  do  not  fenfibly  deprefs  them.  This 
hypothefis,  the  Dodtor  allows,  agreeable  to  the  principles  of  the  mechanical 
pliilofophy  ;  and,  accordingly,  having  (hew'd,  tliatin  a  fufpended  tube  of 
water,  the  whole  liquor  gravflaics  upon  the  bottom  of  it;  and,  confe- 
quently,  that  all  the  parts  thereof  do  fo,  the  upper  upon  the  lower,  "provi- 
ded" iays  he"  "there  be  no  immaterial  principle  in  nature." 

Now,  I  as  freely,  as  the  Doftor  himfelf,  afiert  an  incorporeal  Being,  that 
made  and  governs  the  world.     AH  that  I  have  endcavour'd  at,  in  explain- 
ing what  happens  among  inanimate  bodies,  is  to  fliew,  that  fuppofing the 
'*!  ''^'■^'(  Vorld  to  have  been  at  hrft  made,    and  to  be    continually  preferva  by 
[,..      —    God's  divine  power  and  wifdom;  and  fuppofing  his  general  concourfe  to 
the  maintenance  of  thelaws  he  has  eftablilh'd  in  it ;  the  phenomena  1 
confidcr,  may  be  folv'd  mechanically ;  that  is,  by  the  mechanical  proper- 
tics  of  matter ;  without  recourfe  to  nature's  abhorrence  of  a  vacuum,  to 
.fubftantial,  forms,  or  to  other  incorporeal  creatures.     And,  therefore,  if  I 
^havc  fliewn,  that  the  phenomena,  I  attempted  to  folve,  are  explicable  by 
"the  motion,  magnitude,  gravity,  fliape,  ana  other  mechanical  afteftions  of 
the  fmall  parts  o£  liquors ;  I  have  done  what  I  pretended  :  which  was  not 
to  prove,  that  no  angel,  or  other  immaterial  creature,  could  interpofe  in 
"thefe  cafes  ;  for,  concerning  fuch  agents,  all  that  I  need  fay,  is,  that,  in 
"the  cafes  propofed,  we  want  not  their  afliftance ;  and,  tlierobre,  have  no 
.'bccafion  to  fty  to  it,  in  folvlng  ourphenomena. 
lt»id*iM(r      ButtheDoftor,  itfeems,  wouldnavethegravTtationoftheeIements,inthcir 
ij*^^  'proper  places,  fufpended  by  an  incorporeal  principle  ;  and  hereto  he  is  led 
^Hbmr,       Dy  this  experiment,  which,  he  fays,  is  moft  manifeftly  repugnant  to  our 
hypothefis.-  He  conceives,  then,  that  in  a  bucket  of  water,  with  a  per- 
'^tctly  cylindrit^t  cavity,  whocfUameteri  s  of  6z  parts,  there  is  forcibly 
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kept  at  the  bottom,  by  means  of  afiick>  a  round  piece  of  wood,  who&'$i^ri| 
diameter  amounts  but  to  (Ji  of  thofe  parts  j  and  that  as  £bon  as  ever  thcC/T> 
fiick  is  removed,  the  piece  of  wood  will  emerge  to  the  top,  and  float  :* 
**  whichjTays  he  ^*is  impofllble,  if  all  the  parts  of  the  water,  did  ribt  only 
^  jointly  prefs  the  bottom  of  the  veflelj  but  each  prefi'd  the  other  dire£ily 
**  downwards** 

But,  firft,  flnce  according  to  his  computation,  the  area  of  the  interva!^ 
between  the  fides  of  the  veflel,  and  the  edges  of  the  round  board,  is  12} 
of  fuch  parts,  whereof  the  area  of  the  board  amounts  to  3721  ;  'tis  evi- 
dent, that  there  muft  be  room  enough  for  the  water  to  pa&  between  the 
fides  of  the  veflel,  and  the  edges  of  the  board;  which  is  fuppofed,  on  all. 
hands,  to  be  of  fome  wood  lighter  infpecie  than  water,  fince  elfe  it  would  ' 
not  rife,  upon  with-drawing  the  ftick. 

Secondly,  this  round  board  is  not  fuppos'd  to  be  made  exa£tiy  fit  to 
the  bottom  of  the  veflel,  and,  confequently,  the  water  may  eet  in  between 
them;  for  which  reafbn,  *tis  neceflary  to  keep  the  piece  of  wood  forcibly 
down  with  a  ftick;  which  were,  otherwife,  needlefs ;  and,  confequently, 
this  interpos'd  water,  will  communicate  with  the  upper,  along  the  fides 
of  the  veflel ;  which  latter  may,  according  to  the  laws  of  hydroftatics,  by 
means  of  that  interpofed,  exercife  its  preflure  upwards,  againft  the  low- 
er furface  of  the  wooden  plate. 

Thirdly,  the  Do£lor  fuppoies  an  imaginary  plane  of  water  to  be  parallel  to 
the  bottom  of  the  veflel,  and  to  pafs  along  the  bottom  of  the  board  ;  fo 
that  of  the  water  that  lies  between  this  plane,  and  the  bottom  of  the 
veflel,  one  part  is  covered  by  the  piece  of  wood ;  and  the  other,  between 
the  edges  of  that,  and  the  fides  of  the  bucket,  is  cover  d  with  the  incum- 
bent water  only. 

l>fow,  *tis  manifeft,  that  in  water,  thofe  parts  which  are  moft  prefs *d, 
will  thiuft  out  of  their  place,  thofe  that  are  lefs  prefsM.  Tis  alfo  evident, 
that  the  part  of  thp  imaginary  plane,  covered  by  the  round  piece  of  wood, 
muft  be  prefs'd  by  a  lefs  weight  than  the  other  part  of  the  lame  plane  ; 
becaufe  the  wood  being,  bulk  for  bulk,  lighter  than  water,  the  aggregate 
of  the  wood  and  water,  incumbent  on  the  covered  part  of  the  fame  plane, 
muft  be  lighter  in  Specie^  than  the  Water  alone,  that  is  incumbent  on  the  un- 
covered part  of  the  fame  plane  ;.  and,  confequently,  this  uncovered  part  be- 
ing more  prefs'd  than  the  other  part  of  the  plane,  the  heavier  muft  difplace 
the  lighter  ;  which  it  cannot  do,^  but  by  thrufting  up  the  board ;  as  it  doe$ 
wh«n  the  external  force  that  kept  it  down,  is  removed-  And  this  great- 
er preflure  againft  the  bottom,  than  againft  the  top  of  bodies  immers'd 
in  water,  fpecifically  heavier  than  themfelves,  is  a  true  rcafon  of  their 
cmerfion. 

Tis  true,  that  according  to  the  Doftor^s  computation,  if  the  folid  cylin- 
der, confifting  of  the  wooden  plate,  and  all  the  water  direftly  incumbent 
on  it,  were  put  into  an  ordinary  balance ;  it  would,  there  greatly  out- 
weigh the  hollow  cylinder  of  water  alone,  that  refts  upon  the  uncovered 
part  of  the  imaginary  plane.    And  this  is  what  feems  to  have  deceived  the 

Doftor  I 
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?ics.  Doftof.  But  there  are  many  hydroftatical  cafes,  wherein  the  phenomenon 
T^J  dqiends  not  fo  much  upon  the  abfoluce  weight  of  the  compared  bodies,  as 
4ipon  their  refpeftivc  and  fpeci/ic  gravity ;  on  account  whereof,  a  fmall 
■pebble,  forinftance,  that  weighs  not  a  quarter  of  an  ounce,  willreadil/ 
link  to  the  bottom  of  a  ri\Tr,  on  whofe  furface  a  log  of  a  hundred  pound 
weight  will  float.  'Tis  a  rule  in  hydroftatics,  that  when  two  portions  of 
water,  or  any  other  homogeneous  liquor,  prels  againft  each  other ;  the 
prevalency  will  go,  not  according  to  the  ablblute  weight,  but  the  perpendi- 
cular height  of  thofe  portions.  And,  accordingly,  we  find,  that  if  & 
flendcr  pipe  of  gJafs,  being  fill'd  with  water,  have  its  lower  caifice  un~ 
llopp'd  at  the  bottom  of  a  velTel  of  water,  which  contains  much  more  of 
that  liquor  than  the  pipe ;  yet  if  the  water  in  the  tube  were,  for  inftance, 
two  feet  high,  and  that  in  the  veflel  but  one ;  the  water  in  the  pipe  will 
Teadily  lubfide,  till  it  comes  almoft  to  a  level  with  the  extcrnaJ  water  j 
tho*  it  cannot  do  fo,  without  railing  the  whole  mafs  of  water  ftagnant  in 
the  velTeL 
■MiUfy  We  tooTc  an  open-mouth'd  glafs,  or  jar,  three  inches  and  a  half  in  dianw- 
'^  'ter,  and  fomewhat  lefs  in  depth,  its  cavity  being  cylindrical ;  into  this, 
having  put  fomc  water  to  cover  the  protuberance  that  is  left  at  the  bottom 
of  fuch  glalfes,  wc  took  a  convenient  quantity  of  bees-wax,  and  having 
juft  melted  it,  we  pour'd  it  cautioully  into  the  glafs,  warm'd  before-hand 
'  to  prevent  its  cracking,  till  it  reach 'd  to  a  convenient  hei^^ht.  This  veflel, 
and  the  contain'd  liquors,  we  fet  afide  to  cool,  that  the  wax  might  (brink 
irom  the  glafs,  and,  confequently,  have  a  little  intcn'al  every  where  between 
the  concave  fuperficies  of  the  veflel,  and  convex  of  the  hardned  wax ;  when, 
carefully  pounng  fbmc  water  between  the  glafs  and  die  wax,  fo  that  it 
fill'd  all  the  interval  left  between  thofe  two  bodies,  both  at  the  bottom  and 
the  lides,  the  wax  was  made  prefendy  to  float ;  being  vilibly  rais'd  up 
ix)m  the  bottom,  and  its  upper  part  appearing  a  little  above  the  level  of  the 
■water,  as  it  ought,  according  to  the  true  principles  of  hydroftatics.  For  wa- 
ter, being  fomewhat  heavier,  infiecie,  than  wax,  and  that  which  was 
pourod  into  the  bottom,  and  fUgnated  there,  being  prefs'd  by  the  collateral 
water,  every  way  interpofed  between  the  concave  pan  of  the  glafs,  and  con- 
TCx  of  the  wax?  (fo  that  this  collateral  liquor  anfwer'd  what  I  call  a  hollow 
cylinder  of  water,  in  the  Doftor's  experiment)  that  part  of  the  ftagnant  wa- 
ter which  was  prcCs*d  upon  by  the  wax,  being  lefs  prefs'd  than  the  other  part 
cf  the  fame  ftagnant  watei*  was  by  the  water  incumbent  on  it ;  this  latter 
mnft  difplace  the  former ;  which  it  could  not  do,  but  by  raiHng  up  the  wax 
^at  refted  upon  it :  yet  this  collateral  water  was  fb  far  from  being  heavier 
than  the  wax  impeU'd  up  by  its  preffure,  that  both  the  collateral  and  the 
ftagnant  water  together,  bemg  weigh'd,  amounted  to  little  above  a  fourth  of 
the  weight  of  the  wax ;  which  happen'd  by  reafon  of  the  narrownefs  of  the 
veflH:  but  if  it  had  been  wider,  the  experiment,  Idoubt  nor,  would  have 
-ibcceeded,  tho'  the  wax  had  out-weigh'd  the  collateral  water  ten  times 
jmore  than  in  our  experiment  it  did.  But,  that  the  folid  body  exceeded  al- 
iooft  ibur  times  the  weight,  not  only  of  the  collateral,  but  the  ftagnant  li- 
'  qua: 
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quor  too,  fufBciently  overthrows  the  Doftor*s  reafoning :  the  fallacjr  Statics, 
whereof  will  further  appear  from  henee,  that  tho'  we  gradually  pour'd  in 
water,  as  long  as  the  veffel  would  contain  any ;  the  cylinder  of'^wax  was, 
indeed,  lifted  higher  and  higher  from  the  bottom  o£  the  glafs,  but  did  not 
appear  raised  more  than  at  the  firft,  above  the  upper  fur&:e  of  the  water ; 
which  argues,  that  it  was  not  at  all  the  quantity  of  ther  lower  water  that 
.  continually  increafed ;  but  the  preffure  of  the  collateral  water,  which  conti- 
nued ftill  at  the  fame  height,  with  refpeft  to  the  wax,,  that  caus'd  the  ele- 
vation of  the  body. 

And,  to  maniteft  yet  more  clearly  the  Doftor^s  miftake,  I  devifed  the 
following  experiment.  We  took  a  round  plate  of  lead,  about  the  thick- 
nefs  of  a  ihilling ;  and  having  ftuck  it  faft  to  the  bottom  of  the  cylinder  of 
wax,  we  fucceffively  placed  upon  the  upper  part  of  the  wax,  ieveral 
grain-weights,  till  the  wax  fubfided  to  the  bottom :  by  this  means,  the 
glafs  being,  at  firft,  almoft  HU'd  with  water,  there  fwam  about  an  inch 
of  that  liquor  above  the  upper  furface  of  the  wax.  And,  laftly,  we  took 
off,  by  degrees,  the  grain-weights  that  we  had  added,  till  we  faw  the  wax, 
notwithflanding  the  adhering  lead,  rife,  by  degrees,  to  the  to{>  of  the 
water  5  above  which,  fome  part  of  it  was,  vifibly,  extant. 

From  this  experiment  I  argue,  that,  according  to  the  Doftor*s  fuppo- 
tion,  here  was  mcumbent  on  die  wax,  a  cylinder  dF  an  inch  in  height,  and 
of  the  fame  cUameter,  or  breadth,  with  the  round  furface  of  the  wax ; 
but,  upon  the  removing  part  of  the  water  that  lay  at  the  bottom,  when 
the  wax  began  to  rife,  there  was  incumbent  no  greater  a  weight  than  that  of 
the  collateral  water;  and  as  much  of  the  upper  and  flagnant,  as  was  di- 
reftly  incumbent  upon  that  collateral  water.  ^  But  now,  according  to  the 
Dodtor'is  reasoning,  this  cylinder  of  water  incumbent  on  the  wax,  being  an 
inch  deep,  and  above  three  inches  broad.,  it  muft  prefs  the  wax  with  a  far 
greater  weight  than  that  which  the  lateral,  and  hollow  cylinder  of  this 
ftagnant  water,  could  exert  upon  the  reft  of  the  collateral  water ;  yet  the 
lieight  of  this  aggregate  of  collateral  water,  being  the  fame  with  that  of 
the  wax,  and  the  water  fwimming  upon  it ;  the  difference  of  the  predure 
was  fo  fmall,  that,  barely  taking  oft  a  weight  of  four  or  fire  ^ms,  the 
wax  would,  notwithftanding  the  preflure  of  the  water  inciimbent  on  it,  be 
impelled  up,  and  made  to  float ;  and,  by  the  like  weight  put  on  again. 
It  would  be  made  to  fink ;  and,  bv  another  removal  of  fuch  a  weighty  it 
would,  tho^  flowly,  re-afcend.  And  this  phenomenoi\  depends  fo  much 
upon  a  mechanical  balance  of  preffure,  that  even  four  grains  would  not 
hdvc  been  neceflary  to  make  the  wax  rife  or  fink,  ^ere  it  not  for  fome 
little  accidental  impediments,  that  are  eafily  met  with  in  fuch  narrow 
glafles ;  for,  otherwife,  in  a  larger  vcflel,  we  have  made  the  fame  lump  of 
wax  readily  fink,  or  float,  by  putting  on,  or  taking  ofif,  a  finglegrain^ 
or  lefs. 

Hence  it  appears,  that,  for  the  regulation  of  hydroftatical  phenomena, 
nature  has  her  balance  too,  as  well  as  art ;  and  that,  in  the  balance  of 
nature,  the  ftatical  laws  are  nicely  obferv'd* 
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ncs.  And,  ftUl  funher  to  demonftratc,  thar,  in  ftagnant  water,  the  upper 
rx^  pans  gravitate  upon  the  lower;  we  rook  a  very  flender  pipe  of  glaf^ 
whofe  cavity  was  narrower  than  chat  cf  an  ordinary  gool'e-quill,  that  he- 
tcn^neous  Uquors  might  not  be  able  to  get  by  one  another  in  it.  Tliis 
pipe,  near  one  end,  was  bent  upwards,  like  a  lyphon,  that  it  might  have 
a.  fliort  leg  parallel  to  the  longer  ;  into  this  crooked  pipe  we  put  a  little 
oil,  and  then  held  it  perpendicularly  in  a  deep,  wide-mouth'd  glafs,  fiU'd 
with  water,  and  a  lump  of  wax,  oi  the  bignefs  and  Ihape  cf  that  before- 
■mention'd  ;  fo  that  the  preflure  of  the  incumbent  water  upon  the  open  ori- 
fice of  the  ihorter  leg,  might  impel  the  oil  into  the  longer,  above  the  fiir^ 
face  of  the  water  in  the  velTel.  The  pipe  being  thus  held  upright,  'twas 
-eafy  to  take  notice,  by  a  mark  fixed  on  the  outfide,  to  wliat  height  the  oil 
reach'd  in  it. 

Now,  if  we  conceive  a  horizontal  plane,  parallel  to  the  bottom  of  the 
velTel,  to  jjafs  by  the  bafis  of  the  floating  wax  ;  'tis  evident,  that,  of  this 
imaginary  plane,  the  part  on  which  the  wax  rcfts,  is  as  ftrongly  prefs'd  by 
the  weight  of  the  wax,  as  the  lateral  part  of  the  fame  plane  is  by  the 
^weight  of  the  water  incumbent  on  it ;  and,  confequently,  that  part  of  this 
plane,  which  is  placed  diredtly  over  the  orifice  of  the  Ihorter  leg  of  the 
pipe,  is  no  more  prefs'd,  than  any  equal  portion  of  that  part  of  the  fame 
plane  covei'd  by  the  wax.  This  body,  being  taken  out  of  the  water,  the 
liquor  fublided  a  great  way  in  the  veffel ;  and  fo  did,  proportion.!  bly, 
the  oil  in  the  longer  leg  of  the  pipe.  And,  laftly,  having  weigh 'd  out  as  much 
water  as  we  found  the  wax  to  amount  to  ;  this  liquor  was,  inflead  of  the 
wax,  pour'd  into  that  which  remain'd  In  the  plafs  :  whereupon,  the  oil  in 
thelonger  leg  of  the  pipe,  was  again  impell'd  up  to  the  former  mark,  to 
which  the  wax  had  rais'd  it.  Whence  we  may  gather,  thar  the  water  newly 
put  in,  tho',  in  the  air,  it  weigli'd  no  more  than  the  wax  did,  yet  prcl'sa 
the  water  that  lay  beneath  the  fore-laid  imaginary  plane ;  and,  confequent- 
ly, than  wWch  was  direftly  over  the  fhorter  leg  rf  the  pipe,  as  much  as  the 
wax  before  had  done.  And,  fince  we  have  already  prov'd,  that  the  wax 
xonfiderably  prefs'd  that  plane;  it  cannot  be  deny'd,  that  the  water  did, 
in  like  manner,  prefs  that  plane :  and,  confequently,  that  water  may  gra- 
vitate in  water,  as  well  as  a  folid  body,  fuch  as  is  wax. 

But,  to  reftify  that  plaufible  miftake,  which  has  long  deluded  both 
philofophers  and  mathematicians,  who  think  a  body  does  not  aftually  gra- 
vitate, when  it  does  not  defccnd  ;  we  have  feen,  that  the  immerfed  wax, 
And  the  brafs-grains  which  lie  on  it,  aftually  prefs,  or  gravitate,  upon  the 
iubjacent  water,  and  bottom  of  the  vellel,  on  which  'tis  incumbent  i  and, 
confequently,  its  prefTure,  not  being  furmounted  by  that  of  the  collateral 
water,  which  is  unable  to  raife  it,  muft  be  as  great  as  that  of  this  collateral 
water.  Therefore,  when,  upon  the  removal  of  a  fingle  grain,  the  wax, 
with  its  incumbent  weight,  is  made  to  aicend,  and  that  but  \'ery  flovviv  ; 
'tis  evident,  that 'twas  fo  far  from  not  gravitating  before,  bccaufe  ir  did 
not  aftually  defcend,  that  it  retVm'd  its  gravity  even  whilft  it  afcended  ;  as 
inay  appear,  noc  only  by  the  flownefs  of  its  motion  upwards,  proceeding 
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firom  its  bdng  in  nature's  fcale  very  little  lef$  heavy  than  it  need  be^  Statics: 
to  balance  the  preflfure  of  the  collateral  water ;  but  by  this  alfo,  that  V^VN^ 
if  but  a  fingle  grain  be  laid  on,  when  it  begins  to  rife,  its  afcent  will  be 
checked,  and  hinder'd ;  wWch  could  not  be  done  by  the  addition  of  fo  in- 
oonfiderable  a  weight,  if  the  wax,  and  the  adhering  metal,  did  not,  even 
during  their  afcent,  retain  their  former  gravity  ^  tho'  that  were  firuftrated 
as  to  the  aft  of  descending,  or  fo  much  as  keeping  their  ftation,  by  the 
prevailing  preffure  of  the  collateral  water.  So  that,  fince  the  wax,  and 
adhering  metal  amounted  to  confiderably  above  four  thoufand  grains  ;  ic 
did,  in  the  balance  of  nature,  weigh,  whilft  afcending,  not  fo  much  as  a 
four  thoufandth  part  lefs  than  it  di^  whilft  it  was  adraally  defcending. 

Upon  the  whole,  then.  Dr.  More,  had  he  throughly  confiderM  the  mat- 
ter, needed  not  have  concluded  the  account  of  his  experiment,  as  he  does, 
by  faying,  "  this  is  fo  evident  a  demonftration  againft  the  granty  of  the 
parts  of  water  downwards  ;  that  unlefs  it  prove  true,  I  fliall  never  af- 
ient  to  any  reafoning  of  my  own,  for  the  future,  nor  to  that  of  any  other 
man  whomfoever.**  But,  I  hope,  he  will  confider,  as  well  as  I,  that  a 
tnan  may  be  verv  happy  in  other  parts  of  learning,  who  has  had  the  mif- 
f^tune  to  miftake  in  nydroftatics  s  a  fcience  which  very  few  fcholars  have 
been  at  all  vers'd  in. 

As  for  the  laft  experiment  in  my  hydroftatical  paradoxes,  the  DoCior  vTMet  ^<^^ 
feems  to  fufpeft  the  matter  of  fad  ;  or,  fuppofing  it  true,  accounts  for  it^^^^tgrmm. 
from  his  hylarchic  principle,  and  the  interpofition  of  the  valve  of  the  inftru-/^»>f«  «jj*«^ 
ment ;  but  what  confiderable  intereft  the  imaginary  retraftion  of  the  valve,  *  **  **^' 
or  the  air  itfelf,  can  have  in  this  phenomenon,  I  confefs  I  do  not  difcern: 
for,  I  think,  the  experiment  would  fucceed,  when  try'd  in  vacuo,  tho'  alj 
the  atmofpherical  air  were  annihilated. 

However,  to  avoid  all  miftakes,  and  diiputes,  that  may  arife  upon  ac- 
count of  the  valve  empIoyM  in  our  experiment ;  a  quantity  of  quicK-filvcr, 
•being,  by  fuftion,  rais'd  into  a  very  flender  glafs-pipe,  whofe  upper  ori- 
fice was  ftoppM  with  the  finger,  to  teep  the  mercury  from  filing  out ;  we 
thruft  the  open  end  of  the  pipe,  with  the  mercury  in  it,  into  a  deep 
glafs  of  water,  till  the  little  cylinder  of  mercury  had,  beneath  the  furface 
of  the  water,  attained  to  a  depth,  at  leaft  fourteen  times  as  great  as  the 
•height  of  the  mercurial  cylinder ;  when,  the  finger  being  removed  from 
the  upper  orifice,  the  glals-pipe  will  be  open  at  both  ends,  and  nothing 
can  hinder  the  quick-filver  from  falling  to  the  bottom,  but  the  refiftance  of 
the  cylinder  of  water  that  is  under  it ;  which  cylinder  can  refift  but  by 
virtue  of  the  weight,  or  preffure,  of  the  ftagnant  water  above  it,  tho'  but 
collaterally  placed :  yet  this  water  being,  by  the  pipe,  whofe  upper  part  is 
liigher  than  the  furface  of  that,  and  acceffible  only  to  the  air,  kept  from  pr ef- 
fing againft  the  mercury  any  where  but  at  the  bottom  of  the  pipe ;  and 'be- 
ing about  a  fourteenth  part  of  the  weight  of  an  equal  bulk  pt  mercury  ;  it 
is  able,  at  that  depth,  to  make  the  fubjacent  water  prefs  upward  againft 
the  mercury,  which  is  but  a  fourteenrii  part  as  high  as  the  water  is  deep, 
with  a  force  equal  to  that  of  the  gravity,  wherewith  the  mercury  tends 
Vol.  11.  Zz  down* 
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TICS,    downwards.      And,  to  manilcft  that  this  phenomenon  depends  merefy 
Y^  upon  the  equilibrium  of  the  two  liquors ;  if  you  gently  raife  the  lower  end 
of  the  pipe  towards  the  lurfacc  oi  the  water,  this  liquor,  being  not  then 
able  to  cxercile  fuch  a  prcfliire  as  it  could  at  a  greater  depth,  the  mercury 
I  preponderating,  will  fall  out  to  the  bottom  of  the  tube.     But  if,  when  the 

quick-filver  is  at  the  firft  depth,  inftead  of  raifing  the  pipe,  you  thruft  it 
down  farther  under  tiic  water  ;  the  preffure  of  tliat  liquor  againft  the  mer- 
cury, increafing  with  its  depth,  will  not  only  fuftain  the  mercurj',  but  im- 
pel it  up  in  the  pipe  to  a  confidcrable  diftance  from  the  lower  orifice,  and 
keep  it  about  the  fame  dittancc  from  the  furface  of  the  water,  which  is 
laterally  above  it.     And  this  experiment  may  not  only  ferve  for  the  pur- 
pofe  for  which  I  here  allcdge  it ;  but,  alfo,  if  duly  confider'd,  and  ap- 
plv'd,  ver\'  much  illultrate  and  confirm  the  explanation,  foi-merly  given, 
of  the  fee'mingly  fpontancous  afcent  of  the  clogg'd  fucker  in  our  exhauftcd 
air-pump. 
if.  ^  Ji-     The  laft  argument  which  the  Doftor  urges  againft  the  gravitation  of 
«**  "-.  water,  in  its  proper  place,  as  they  fpeak,  is  deduced  from  what  happens  to 
frd.™'.  divers,  who,  inthemidftof  the  fea,  tho' falt-water  be  much  heavier  than 
J W|™'  frefli,  do  not  find  themfelves  comprefled  by  the  vail  load  of  the  incumbent 
"  water. 

But  if  obfervations  about  diving  were  made  by  philofophers,  and  mathe- 
maticians, or,  at  leaft,  by  intelligent  men ;  we  mould,  I  do  not  doubt,  have 
accounts  of  it,  very  different  from  the  current  reports.  A  learned  phyfi- 
fician,  of  my  acquaintance,  upon  diving  leifurely,  perceived  a  conftriftion 
of  his  thorax,  by  the  aftion  ofthc  furrounding  fea-waier. 

A  Spaaifi)  prelate,  who  liv'd  long  in  Amerka,  fpeaking  of  the  Iniliaitt, 
employ 'd  by  their  inhuman  matters  in  fifliing  for  pearls,  tells  us,  *'  it  is 
"  impoITiblc  that  men  (hoiild  live  for  any  long  fcalbn  under  the  wate^ 
*'  without  taking  breath ;  fo  that  they  die  commonly  thro'  vomiting  blood^ 
"  and  of  the  bloody  flux."  And  a  general  of  the  £w^///S  in  ihe  Ea/i -ladies, 
fent  on  an  embaffy  to  the  emperor  o£  Japan,  fpeaks  thus  of  fome  female-divers 
he  met  with  in  his  voyage.  "  AU  along  the  coaft,  and  fo  up  to  Ozjtca"  fays 
he,  "  we  found  women-divers,  who  lived, with  their  houmold  and  family,  in 
"  boats  upon  the  water.  Thefe  women,"  he  fays, "  would  catch  fifh  by  di- 
**  ving,  which  they  mifled  by  net  and  line,  and  that  in  eight  fathoms  depth. 
"  Their  eyes,  by  continual  diving,  grow  as  red  as  blood ;  whereby  a 
**  diving  woman  is  diftinguiOied  from  all  others."  However,  the  reafim 
why  fo  little  damage  is  fuftainM  by  diving,  ieems,  in  my  opinion,  owing  to 
the  uniform  nreflure  of  the  furrounding  fluid,  and  the  robuft  texture  of  a 
human  body*. 

The 

another;  and,  therefore,  that  if  fen&tion 
proceeds  from  the  motion  of  the  parts  of 
animals  ;  fluids  will  not  damage  the  ani- 
mals immerfed  therein,  nor  excite  anf 
(enfation  in  them,  fiirthei  than  as  their 
bodies 
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*  Tis  remarked  by  Sir  [foM  TfKftoir,  that 
fince  fluids,  in  preJung  bodies  immerfed 
in  them,  do  not  change  the  external 
figures  thereof,  they  will  not  change  the 
fituatioD  of  the  internal  paru  lu&oag  one 
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The  fwims  of  finaller  filh  appear  very  unable  to  relift  compreflfure,  being    Statics. 


much  more  thin  and  delicate  to  the  eye^  than  a  piece  of  fine  yemce  papery 
yet  having  caxifed  one  of  thefe  bladders^  above  an  inch  in  length,  and  pro-  s%S]&!^\i 
.portionably  wide,  to  be  taken  out  of  a  roach,  and  anointed  with  oil,  to  h  ^^^J^ 
keep  it  fupple,  andpreferve  it  from  being  pierced,  or  foften'd,  by  the***^  '" 
water;  and  having,  by  a  weight  of  lead,  faften'd  to  the  neck  of  it,  let  it 
down  to  the  bottom  or  a  cvlincmcal  tube  of  water,  fealed  at  one  end,  and 
made  large,  and  about  fitty-fix  inches  long ;  we  could  not  perceive  that, 
by  the  weight  of  all  the  incumbent  water,  it  was  manifeftly  comprefs'd, 
or  that  it  djfcovci'd  the  leaft  wrinkle,  or  other  depreffion  of  that  very  thin 
membrane,  tbo*  fill'd  but  with  air.  And  this  trial  was  made  more  than 
once  with  the  iame  fuccefs.  Yet  that  this  proceeded  rather  from  the 
ftrength  of  the  bladder,  that  was  able  to  refift  the  weight  of  a  taller  pillar 
of.  water,  than  from  the  levity  of  water  in  the  upper  part  of  the  tube  on 
that  in  the  lower,  we  fliew'd,  by  prefently  letting  down  a  mercurial  gage, 
by  a  firing,  to  the  bottom  of  a  tube :  for  the  weight  of  the  incumbent  water 
forced  up  fome  of  the  mercury  out  of  the  open  leg  of  the  fyphon  into  the 
fealM  one ;  and,  confequently,  comprefs'd  the  air  mcluded  there :  and  the 
uncompreflfed  air,  being  three  inches  and  4  in  length,  we  judged  it,  at  the 
bottom  of  the  tube,  to  be  about  f  impelled  up  by  the  intrufion  of  the 
mercury.  And,  to  fatisfy  myfelf,  and  others,  that  if  the  incumbent  wa- 
ter had  been  heavy  enough,  it  would,  vifibly,  have  afFefted  the  bladder, 
in  fpite  of  any  Principium  hylarchicum  ;  we  lunk*  it  in  a  cryftal  glafs,  that  " 

had  a  long  cylindrical  neck,  and  was  exactly  fitted  with  a  ftopple  i  then  a 
competent  quantity  of  air  being  left  above  the  water,  the  ftopple  was  warily, 
and  by  degrees,  thruft  down ;  and  fo,  leffening  the  capacity  of  the  glais, 
compreffecf  the  air  that  was  next  it,  and,  by  the  intervention  of  that,  the 
water  under  it.  And  tho*  there  did  not,  upon  a  flight  compreffion  of  the 
outward  air,  appear  any  fenfible  effeft  upon  the  bladder  that  was  at  the 
bottom  of  the  water ;  yet,  upon  a  farther  intrufion  of  the  ftopple,  the  pref- 
fure  being  iticreafed,  the  immerfed  bladder  difcover'd  two  confiderably 
deep  wrinkles,  that  prefently  difappear'd  upon  drawing  up  the  ftopple ; 
which,  being  thruft  in  again,  the  deprefSons  were  again  to  be  feen  on  the 
fwim-  And,  having  conveyed  a  mercurial  gage  into  the  lame  glafs,  we 
cftimated,  by  the  cpndenlation  of  the  air  in  the  feal'd  leg  of  it,  that  the 
bladder  had  been  expofed  to  a  prefTure  equal  to  that  of  a  column  of  about 
forty  feet  of  water. 

This  may  lefTen  our  wonder,  that  bodies,  of  fo  firm  a  texture  as  thofe 
of  lufty  men,  fupport  the  prefTure  of  the  water  at  fuch  depths  as  divers 
ufually  remain ;  fince  we  fee  what  refiftance  can  be  made  by  fo  exceeding 


bodies  may  be  condenfed  by  comprefTiire. 
NttDtofi*  Prific'ep.  p.  264,  265.  And  Borelii^ 
having  ihewn,  that  a  quantity  of  fand, 
ccmtain'd  in  a  very  hard  or  rigid  vefTely 
cannot  poffibly  be  divided,  or  cntred,  by  a 
wedge ;  and  that  water,  in  like  manner 
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contained  in  a  bladder,  every  way  coual; 
ly  comprefled,  can  neither  be  contracted,  * 
benty  or  otherwife  diftorted ;  hence  de- 
duces the  reafon  why  divers  are  not  fen- 
fible of  the  preflure  of  the  water.  Vemotih. 
fiat,  a  gfowtate  faSir.  Prop.  29.  34* 
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iTics.  thin  and  delicate  a  membrane^  diftended  only  with  the  air,  in  comparifon  of 
Y^J  the  ftrong  membranes  and  fibres  of  a  man,  fill'd,  befides  air,  with  more 
firm  parts.  'Tis  alfo  confiderable,  what  great  weights  may  be  fuftain'd  in 
the  air,  by  fuch  fibres  or  tendons,  and  by  other  fibres  interwoven  into  mem- 
branes, in  comparifon  of  what  an  ordinary  man  would  expert.  And,  not 
only  upon  account  of  the  ftable  paits  of  a  human  body,  but  of  the  Ipirits 
too,  ic  may  refift  very  violent  preffures  of  a  fluid,  without  any  manifeft 
contufion,  or  diflocation  of  parts,  or  even  fenle  of  pain  ;  as  appears  from 
the  great  effcdls  which  gufts  of  wind  have  upon  trees,  houfes,  (iTir.  tho*  a  man 
will  withftand  the  Impetuofity  of  fuch  a  ftrong  wind,  and  walk  direftly 
againft  it,  by  virtue  ot  the  vigour  of  his  mufcles  and  fpirits,  without  being 
thrown  down,  or  bruifcd,  by  Co  violent  a  current  of  air,  and  without  io 
much  as  complaining  of  pain ;  and  this,  tho'  the  wind  that  beats  againft 
him,  a£is  asaftream,  and  does  not  uniformly  comprefs  him,  but  invade 
only  the  fore-part  of  his  body.  Tlius,  alfo,  in  the  lifting  up  of  heavy  weights 
by  lufty  men,  we  may  fee  the  {lender  tendons  of  the  hand  loaded  with 
an  Iiundred  and  fifty  pounds,  or  more,  without  having  their  fibres  fo  far 
comprefled,  or  ftretched,  as  to  make  the  perfon  complain  of  pain.  A  hu- 
man body,  therefore,  is  an  engine  of  a  much  firmer  ftrufture,  than  mere 
fcholars  ufually  take  notice  of  And,  I  doubt,  whether,  if  the  ftrufture 
of  a  man  were  not  confiderably  firm,  he  could,  etpecially  in  a  deep  lea, 
fuppojt  the  preffure  of  the  water,  tho'  not  immediately  apply 'd,  without 

Eain.  For,  having,  feveral  times,  convers'd  with  a  man  who  got  his  living 
y  diving  for  fiiip-wreck'd  goods  ;  he  afl'ured  me,  that,  when  he  ftay'd  at 
a  confiderable  depth,  as  ten  or  twelve  fathoms,  under  the  furface  of  the 
fea,  he  felt  a  great  pain  in  both  his  ears,  which  often  put  him  to  fiiifts  ta 
leflbn  it  ;  and  this,  by  his  manner  of  defcribing  it,  I  concluded,  arofe  from 
the  incompetent  reliftance  of  the  air,  which  he  found,  by  manifeft  tokens, 
to  be  greatly  comprefled  by  the  upper  water.    This  relation,  from  fuch  a 

Serfon,  not  only  confirms  our  explanation,  but  likewife  warrants  us  to 
oubt  whether  the  common  reports  that  are  made  concerning  divers,  ought 
to  be  rely'd  on,  without  further  examination. 

We  took  a  common  flefli-fly,  of  a  middle  fize,  and  having  put  it  into 
the  fliorter  leg  of  a  bent  glafs,  which  we  caufed  to  be  hermetically  iealed, 
we  added  as  much  mercury  as  fill'd  that  leg,  and  a  part  of  the  other ;  lea- 
ving little  more  than  an  inch  of  air  between  the  quick-filver,  and  the  feal'd 
end,  that  there  might  be  room  both  for  the  fly,  and  the  condenfation  of 
the  air  ;  and  then,  with  a  little  rammer,  fitted  for  the  purpofe,  we  caus'd 
the  mercury,  in  the  open  leg,  to  be  thruft  againft  that  in  the  feal'd  one ; 
which  necefiarily  crowded  the  air,  near  the  fly,  into  lefs  room  ;  fo  that  it 
fcem'd  condens  a  into  about  a  third  part  of  the  fpace  which  it  poflefs'd 
before,  and  which  it  r^in'd,  when  the  rammer  was  withdrawn  :  and  tho' 
this  were  done  more  than  once,  yet  the  fly  appear'd  not  fenfibly  hurt  ; 
and  I  perceiv'd  her,  Whilft  ihe  was  pent  up,  to  mOve  her  Ic/S,  and  to  rtib 
them  one  againft  the  other,  as  'tis  ufual  with  that  for:  of  infers  in  the 
free  air. 
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Another  experiment,  to  the  lame  purpofe,  wc  made  with  water  j  tho*  this  Statics.' 
wet  the  wings  of  the  fly,  and  foon  after,  by  mifchance^  drown'd  it :  but  we  "  "^"^  ' 
had^  firft,  an  opportunity  to  coniprefs  the  air  into  a  thirds  if  not  a  fourth  part^ 
of  its  former  dimenfions  ;  yet  the  fly  continued  to  move  feveral  of  her  parts, 
and,  efpecially  her  le^,  very  vigoroufly ;  as  if  nothing  troubled  her,  but 
being,  as  it  were,  gluea  to  the  inude  of  the  glafs  by  her  wetted  wings.  And 
tWs,  I  hope,  will  keep  the  refiftance  of  divers,  to  the  furrounding  water, 
from  feemin^  incredible ;  (ince  fuch  flies  were  able  to  refifl,  and,  for  ought 
appear  d,  without  harm,  or  pain,  the  preflfure  of  the  crowded  particles  of 
the  air :  tho'  we  guefs'd  it  to  have  been  as  much  comprefs'd  by  the  force 
of  the  rammer,  as  it  would  have  been  by  a  cylinder  of  water,  of  between 
50  and  60  feet  high. 

Hence,  too,  we  may  be  aififted  to  conceive,  how  great  a  difference  there 
is,  whether  the  fame  prefliire  be  exercifed  by  a  folid,  or  by  a  fluid  bodv. 
For,  according  to  our  eftimate,  the  prefliire  againft  the  body  of  the  fiy 
was  as  great,  as  if  a  flender  pillar  or  marble,  having  the  fly  for  its  bafc, 
and  1 8,  or  20  feet  in  height,  had  refled  upon  the  little  animal. 

We  alfo  took  fbme  ordinary  black  flies,  of  a  middle  (ize ;  and  having 

£  laced  one  of  them,  with  the  head  upwards,  and  left  fome  diftance  betwixt 
er  and  the  feal'd  end  of  the  glafs  tube,  we  pour'd  in  quick-filver  very 
(lowly,  and  cautioufly,  left  the  force  of  fo  heavy  a  body,  acquired  by  its 
velocity  in  the  fall,  (hou'd,  nrore  than  the  mere  weight  of  the  fluid,  opprefs 
her :  at  length  we  got  in  as  much  mercury  as  the  tube  would  receive  ;  and 
then,  holding  it  uprijght,  we  watch'd  whether  the  fly  would  make  any  mo- 
tions ;  and  finding  that  (he  did  manifeftly  ftir,  notwithftanding  the  incum- 
bent mercury,  we  meafur'd  the  height  of  the  mercurial  pillar,  reaching  from 
the  middle  of  her  body,  to  the  top  of  the  fluid,  and  found  it  to  be  about 
eight  inches  ;  and  the  quick-filver  being  poiurM  out,  the  fly  appeared  very 
lively,  and  vigorous. 

We  r^eatal  the  experiment  with  one  dPthe  beft  flies  we  could  take,  when 
their  fealon  was  almoft  over,  and  of  the  £ime  fize  with  the  former ;  when, 
ordering  the  matter  fo,  that  the  mercury  incumbent  on  her,  appeared  to  be  <£ 
a  greater  height  than  that  of  the  tube  oefore  employed,  we  law  her  move 
one,  or  other  of  her  legs,  feveral  times,  tho*  the  tube  was  held  upright  ; 
and  therefore,  meafuring  the  height  of  the  mercury  above  her,  we  found 
it  to  amount  to  above  fixteen  inches ;  then  freeing  her  from  this  preflure, 
we  obfervM,  that  (he  immediately  found  her  l^s  again,  and  moved,  up  and 
down,  briskly  :  tho,  when  (he  was  aftewards  opprefs'd,  with  23,  or  24  in- 
ches of  the  fame  quick-(ilver,  (he  gave  no  %ns  of  life.  But  having  got  ano- 
ther fly,  of  about  the  fame  bigne^,-  tho',  when  (he  was  at  the  bottom  of  the 
quick-iilver,  (he  feem'd  fo  comprefs'd  as  not' to  have  any  motion,  yet, 
upon  being  taken  out  of  the  glafs,  (he  prefently  difplay^d  her  wings  i 
tho'  the  pillar  of  mercury,  that  prds'd  upon  her,  amounted  to  above  27 
inches. 

Another 
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\Tlcs.  Anotlier  fly,  that  feem'd  but  about  half  fo  big,  as  one  of  thofe  hitherto 
>r\mif  muntioii'd,  bein^  well  placed,  with  feme  mercury  under  her,  in  a  glaft  pipe, 
held  upright,  iwlain'd  a  mercurial  pillar  of  2^  inches  ;  and  the  fhc  was 
not  obl'erv'd  to  move,under  Co  great  a  weight,  yet,  when  once  that  was  taken 
off,  flie  appear'd  unhurt ;  and,  probably,  would  have  efcaped  under  a  much 
greater  weight,  if  the  tube,  which  was  too  large,  had  not,  already,  employ 'd 
all  the  ftock  of  mercury  we  then  had  at  hand.  Since,  then,  fo  fmall  an  ani- 
mal, as  a  fly,  may  furvive  fo  great  a  prefl'ure,  and  remain  able  to  more 
fuch  long  and  flender  bodies,  as  her  legs,  when  prefs'd  againft  by  above 
16  inches  of  mercury  ;  and,  confequenrly,  by  a  weight,  equivalent  to  a. 
pillar  of  water,  of  more  than  1 8  feet  and  a  half  ;  which  being  jpo  times 
her  own  length,  and  many  times  more  her  height,  it  appears,  that  a  diver, 
fix  foot  tall,  to  have  as  many  times  his  height  of  water  above  him,  as  our 
fly  might  have  had,  and  yet  continue  to  have  moved  under  it,  mull  dive  to 
near  an  hundred  fathoms  ;  which  is  a  depth  vaftly  greater  than,  from  what 
I  could  learn  by  enquiry,  the  divers,  either  for  coral,  or  pearl,  defcend 
Co. 

Thus,  then,  we  have  accounted  for  a  phenomenon,  which  Dr.  More 
thinks  infoluble,  without  his  hylarchic  principle.  There  would,  indeed,  be 
much  more  weight  in  what  he  obj'efts,  if  our  aflertion,  of  the  gravitation  of 
water  in  water,  were,  like  the  Printipium  hylarchictim,  a  mere  hypothefis, 
advanced  without  any  pofitive  proof:  but  our  dqftrinc  is  direftly  pro- 
ved, by  particular  experiments  ;  to  elude  the  force  whereof,  fo  ingenious  a 
perlbn,  is  obliged  to  call  in  a  principle  that  is  not  phyfical. 
iht^H"  But,  whatever  power  he  is  pleas  d  to  fuppofe  at  the  bottom  of  the  fca, 
■  rfth  ^°  fufpend  the  prcffure  of  the  incumbent  water,  I  think,  that  fuppofition 
muft  give  place  to  experience  ;  which  (hews,  there  really  is  a  great  preffure 
exercis'd  by  the  water  at  the  bottom  of  the  lea.  A  gentleman,  who  has 
been  often  prefident  of  the  royal  fociety,  aifured  me,  that  a  friend  of  his, 
having  let  down  a  pewter  bottle  into  a  deep  fea,  with  weight  enough  to 
fink  it,  that  he  might  try  whether  any  fweet  water  would  ftrain  into  it  ; 
found,  when  he  pull'd  it  up  again,  the  fides  of  it  very  much  comprefs'd, 
and,  as  'twere,  fqueez'd  inwards  by  the  water.  An  acquaintance  of  mine, 
trying  to  cool  his  liquor,  when  he  failed  thro'  the  torrid  zone,  by  letting 
tM  containing  vcflels  to  a  great  depth  into  the  fea,  was,  at  firft,  amaz'd  to 
find  the  corits,  with  which  the  ftrong  ftone  bottles  had  been  well  ftopp'd  be- 
fore, fo  forcibly,  and  fo  far  thruft  in,  that  they  could  fcarce  have  been  {o 
violently  beaten  in  with  a  hammer.  And,  an  ingenious  perfon,  who  pra- 
ftifes  phyfic  in  the  Indies,  told  me,  he  try'd,  in  a  very  deep  part  of  the  fea, 
whetheranyfrefli  water  would  ftrain  into  ftone  botdes,  thro  a  tlnck  cork, 
ftrongly  ftopp'd  in  ;  and  having  let  it  down  with  a  convenient  weight  to 
100  wthoms,  was  much  difappointed,  when  he  drew  it  up,  by  finding  that 
the  prefl'ure  of  the  water,  at  fo  vaft  a  depth,  had  quite  thruft  down  the 
cork  into  the  cavity  of  the  bottle :  an  efleft  which  he  I'carce  could  luve  ex- 
pefted  from  the  ftroke  of  a  mallet. 

And, 
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And,  to  fhew,  ad  oculum^  that  water  may  gradually,  as  It  grows  deeper,  StktlqsI 
prefs  againft  the  ftopple  of  a  bottle,  tho'  the  vefTel  be  inverted  ;  we  took 
a  glafs  vial,  fumifhea  with  a  cylindrical  neck,  and  its  cavity  large,  in 
proportion  ;  into  this  we  put  as  much  quick-filver  as  would,  in  the  neck, 
make  a  fhort  mercurial  pillar,  of  between  half  an  inch,  and  an  inch ;  then 
a  piece  of  very  fine  bladder,  dipped  in  oil,  was  fo  tyed  over  the  orifice 
of  the  glafs,  that  no  mercury  could  fall  down,  or  get  out,  nor  water  get 
in  at  the  orifice  ;  and  yet  the  bladder,  by  reafon  of  its  great  limbemefs, 
might  be  eafily  thruft  up  towards  the  cavity  of  the  vial,  or  deprefs'd  by 
the  weight  of  the  mercury.  This  little  inftrument,  firft  fumim  d  with  a 
weight  of  lead,  to  fink  it,  being  inverted,  the  mercury  defcended  into  the 
neck,  and  clofed  the  orifice  as  exaftly  as  a  ftopple ;  but,  with  its  lower 
part,  deprefs'd  the  bladder  beneath  the  horizontal  plane,  that  might  be 
conceiv'd  to  pafs  by  the  orifice  :  then  the  glals,  being,  for  a  while  ,  kept 
in  the  water,  and,  by  a  firing,  let  further  down  into  the  fame  glafs 
veflel,  fiird  to  about  two  feet  in  height  j  the  preiTure  of  the  liquor  againft 
the  orifice  of  the  vial,  by  degrees  drove  up  the  bladder,  and  the  mercurial 
ftopple  into  the  cavity  of  the  neck ;  as  was  manifeft  by  the  afcent  of  the 
quick-filver  :  and  when  the  inftrument  was  leifurely  drawn  up  again,  the 
weight  of  this  mercury  made  it  fubfide,  and  plump  up  the  bladder,  as 
before.  * 

Meeting,  cafually,  with  an  ingenious  mechanic,  who  devifed  proper 
accommodations,  and  %  boat,  wherewith  he  could  continue,  for  a  great 
while,  at  a  confiderablej  depth  under  water ;  he  aflured  me,  that  when 
he  was  about  four  or  five  yards  deep  in  the  river  TTjames,  his  breaft  and 
abdomen  were  fo  comprefled,  that,  tnere  being  hardly  room  enough  left 
for  the  free  motion  of  nis  lungs,  he  could  fcarce  fetch  his  breath ;  and  was 
obliged  to  be  drawn  quickly  up :  and  that,  to  remedy  this,  he  caufed  a 
kind  of  armour  for  the  cheft  and  back,  to  be  made  c£  copper ;  and  tho* 
the  metal  defended  him  from  any  mifchief  in  thofe  parts,  yet,  in  others, 
where  only  leather  was  interpofed,  when  he  came  to  the  depth  of  about 
fix  fathoms,  he  found  a  great  preifure  upon  his  legs  and  arms,  and  all  the 
other  parts,  againft  which  the  water  was  able  to  thruft  the  leathern  fuit 
inwards :  and  this  preffure  he  found  pretty  equal;  fo  as  to  receive  no  great 
inconvenience  from  it ;  being  able  to  continue  under  water,  tho'  not  at  any 
great  depth,  for  about  two  hours.  He  farther  declared,  from  his  own 
experience,  that  the  ambient  water  endeavoured  to  prefs  him,  and  his  di- 
ving fuit,  every  way  inwards.  I  have,  alfo,  been  affured,  that  a  profefs*d 
diver,  Vhen  he  defcended  in  his  bell,  to  very  great  depths,  has  often  had 
the  blood  fqueei'd  out  at  his  nofe  and  eyes. 

Upon  the  whole,  it  appears,  that  water  aftually  preiTes  againft  bodies 
under  it,  whether  fpecifically  lighter,  or  heavier  than  it  felf 
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d'i"^nr'0  my  puticular  method  of  aftuallyweighinff  water  in  water,  it  has 
.  tcmmtin   JL    been  objefted,  by  a  late  writer  of  hydroftatics,  that  there  is  a  mi- 
ftake  in  it.     1  fhall  here,  therefore,  endeavour  to  clear  this  matter,  and  Qk 
.ray  thoughts  about  it  in  a  fuller  light. 

My  opinion  is,  that  water,  as  it  is  a  heavy  fluid,  always  retains  its  gravita- 
tion, and  power  of prefllng ;  (by  which,  I  mean,  a  tendency  downwards, what- 
ever be  the  caufc  or  that  gravity)  whether  it  have  a  body  under  it,  either  fpe- 
dficaliy  heavier,  or  lighter  than  it  fclf,  or  one  eqni-ponderant  to  it.  For  I 
fee  not  wliat  (hould  deftroy,  or  abolifli  this  gravity,  tho*  many  things  may 
hmder  fome  cifeifts  of  ir.  And,  therefore,  I  fuppofe  that  water  retains  its 
gravitj',  not  only  in  air,  hat  \a  water  too,  and  in  heavier  liquors  j  and, 
confcquently,  by  virtue  of  this,  that  liquor  preiTcs  upon  them.  But,  if  a 
furrounding  fluid  have,  upon  account  of  its  fpecific  gravity,  an  equal,  or  a 
ftronger  tendency  downwards,  than  water,  it  will,  by  virtue  of  that,  be  able 
to  impel  up  this  liquor,  or  to  keep  it  from  a£hially  defcending;  £b  that  a 
portion  of  water,  fuppofed  to  be  included  in  a  \effel  of  riie  fame  fpecific 
weight  with  water,  will,  placed  in  a  greater  quantity  of  the  fame  water, 
neither  rife  nor  fall,  tho'  ic  retains  its  gravity  there  j  only  this  gravity  is 
kept  from  making  it  actually  defcend  by  the  contrary  aftion  of  the  other 
•water,  whofe  fpecific  gravity  is  fuppofed  equal:* as  when  a  juft  balance 
is  loaded  with  a  pound  weight,  in  each  of  the  fcales,  tho'  neither  of  the 
weights  aftually  defcend,  being  hinder'd  by  its  counterpoife  ;  yet  each  re- 
tains its  whole  weight,  and,  with  it,  preffes  the  fcal«  it  refts  on :  £o  that  our 
included  portion  of  water,  really  prefles  the  fubjaceiit  water,  tho'  it  does 
not  aftually  deprcfs  it.  Nor  do  I  think  that  the  only  way  of  judging 
whether  a  body  gravitates,  is  to  obferve,  whether  it  aftually  defcends  ; 
■fincc,  in  many  calbs,  its  gravity  may  be  proved,  by  the  refiftance  it  makes 
TO  heaiy  bodies,  whidi  would  otheiwife  raile  it ;  as  appears  by  equal 
weights  in  a  balance.  And,  for  want  of  this  c^ftinftion,  I  nave  known  even 
teamed  men,  treating  of  hydroftatics,  miftake  thequeftion. 

Now,  the  adverfarics  1  had  to  deal  with,  both  m  print,  and  in  difcourle, 
dcny'd,  that  in  ftanding  water,  the  upper  prcfs'd,  or  gravitated  upon  the 
lower  parts.  And  tho  they  could  not  but  jgrant,  that  the  whole  weight 
xrfdie  water -gravitated  upon  the  bottom  of  the  vefiel;  yet  they  would  have 
l!he  parts  of  it  to  do  fo  aciione  comrnuni^  as  they  fpeak ;  and  fancied  I  know 
"HOC  what  power  of  nanne,  to  keep  the  homogeneous  portions  of  water,  as 
well  as  otner  elements,  from  preffingone  another,  whllft  it  is  in  its  proper 

flace.  Againft  this  opinion,  it  was  ailedg'd,  (bdides  other  things,  which 
found  many,  othei-wife  good  fcholars,  were  not  fitted  to  undeifland) 
that  if  a  glafs  vial,  or  bottle,  well  ftopp'd,  were  deeply  immerfed  under 
water,  it  would  ftrongly  tend  upwards ;  but  if  it  were  dcxtroufly  un- 
flopp'd,  when  'twas  thus  immers'd,  fo  that  the  water  cou'd  get  in  j 
«Uowing  for  the  weight  of  the  glais  itfelf ;   'twould,  by  the  water  that 

crowds 
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crowds  in,  and  thrufts  out  the  air,  be  made  ftrongly  to  tend  downwards.  Statics 

and  continue  funk.  But  this  not  fatisfy ing,  becaufe  *twas  pretended,  that  the 

reafon  of  the  empty  bottle's  emerging,  when  flop *d,  was  the  pofitive  levity  of 
the  air  that  fiU'd  it  j  and  that  the  finking  of  it,  when  unllopM,was  from  the 
recefs  of  the  fame  air,  which,  by  the  intruding  water,  was  driven,  wich  large 
bubbles,  out  of  the  bottle :  I  thought  this  evafion  might  be  obviated,  by 
contriving  an  experiment,  wherein  the  water  Ihould  be  plentifully,  and  fud- 
denly  admitted  into  the  glafs,  and  yet  no  air  expell'd  out  of  it ;  fo  that,  if 
then  the  glafs,  which  was  fuftain  d  before,  fliould  fall  to  the  bottom,  with 
a  gravitation  amounting  to  a  confiderable  weight,  in  refpeft  of  its  ca- 
pacity, the  finking  of  it  could  not  be  afcribed,  as  before,  to  the  recefs  of 
the  air,  endow'd,  as  they  fuppofe,  with  pofitive  levity ;  but  to  the  weight 
of  the  water  admitted,  which,  when  thus  weighed,  would  be  environ^  with 
water  of  the  fame  kind  :  and  to  Ihew,  that  this  water  might  have  a  confi- 
derable weight,  notwithftanding  the  place  it  was  in,  I  employed  a  pair  of 
fcales,  after  the  manner  recited  in  the  experiment,  page  288,  Vol.  IL 

However,  therefore,  my  expreflions  difagree  with  thofc  of  my  adverfa- 
ry,  the  diftance  of  our  opinions  is  not  fo  wide,  as  it  feems^at  firft  fight : 
for,  he  allows,  as  well  as  1,  that  the  fupcrior  parts  of  water  do,  by  their 
gravity,  prefs  the  inferior  ;  but  this  he  would  not  have  amount  to  fo  much 
as  to  mean,  that  water  weighs,  or  gravitates  in  water.  But,  if  he  thinks, 
that,  in  my  experiment,  I  megnt  to  propofe  a  method  of  making  water  de- 
fcend  in  water,  and  weigh  it  in  that  liquor,  with  a  pair  of  fcales,  juft  as  I 
would  a  piece  of  lead,  or  a  portion  of  mercury  ^  which  are  bodies  much 
heavier  in  Specie,  than  water  ;  either  he  miftakes  my  intention,  or  I  did 
not  fufficiently  declare  it.  What  I  defignd  to  fliew,  and,  I  think,  have 
fliewn,  was,  that  by  the  help  of  an  ordinary  balance,  it  maybe  made  ap- 
pear, that  water,  admitted  mto  the  glafs  bubble,  I  employed,  caus'd  it  to 
weigh  much  heavier  than  it  did  betore  that  liquor  enter  d  into  it ;  and 
that  this  new  weight,  manifefted  by  the  balance,  was  not  due,  as  my  adver- 
Ikry  fuppofes,  to  a  recefs  of  the  air. 

To  this  experiment,  our  author  objects  the  following.  "Take  a  piece 
"  of  wood,  lighter  in  fpecie  than  water,  and  add  weight  to  it,  by  degrees, 

till  it  become  of  the  £amc  weight  with  water  j  faften  it,  with  a  firing,  to  a 

balance,  and  weigh  it  in  water,  and  you  will  find  the  whole  weight  fup- 
'  ported  by  the  water.**  But  this  is  fo  far  from  overthrowing  my  opi- 
iiion,  that  it  agrees  very  well  with  it.  For,  fuppofe  the  wei^t,  aaded  to 
the  light  wood,  be  lead,  it  cannot  be  faid,  that  the  metal  lofes  its  native 
ponderofity,  whilft  it  refts  in  the  water ;  and  the  reafon  why  it  defcends 
not,  is,  that  it,  and  the  wood  whereto  it  is  joined,  are  hinder'd  by  the  coun- 
terpoife  of  the  collateral  water,  which,  by  its  preflure,  would  raife  the  fur-r 
face  of  the  water  whereon  the  floating  body  rdds,  if  it  were  not  hinder'd  \yf 
the  weight  of  thefe  incumbent  folids  :  and  this  refiftance  of  theirs,  to  the 
endeavour  of  the  water  upwards,  bdng  exercifed  only  upon  account  oS 
their  gravity,  fhevs,  that  they  do;  in  my  fenfe,  gravitate^  tho'  hot  prc- 
gravitate. 
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Static*.  'Tis  Qb.vious>  that  if  woo4»  wax,  OK  other  bodies,  lighter  in  ffecie 
L^'VX/  than  wawr^  be.  deiaia'di  uncfcr  it>  thev  will,  upcm  removal  of  the 
ilftr^J^L  fow®»  eqoierge  to  the  top.  Aadtbis  tbay  do.  fo  readily,  and,  as  it  feems, 
Oir  «Mr.  &Qnt;aji^ufly,  ^t  tb?  generality  ojf  pUbfopbers,  both  ancient  and  mo* 
^rn,  aioit^  it  to  an  internal  prinisiplp,  wbidi  they  call  pofidve  le- 
^ty. 

mxc  tihis  principle  wa^  noir,  always,  to  univerlally  received  among  phi- 
lofoj^ber^,.  as  in  laj:er.  ages ;  Dempcrims^  and  ieveral  of  the  antients,  ad- 
mittiing  no  ab&lnt^,  \m  only  a  relative  levity :  which  opinion,  ibme  of  the 
mQctex;ns  have  attempted.to  revive. 

T^  experiment  ufiially  ur^ed,.to  prove  the  pofitive  levity  of  wood  in 
water,  Ceems,  toi  me,  too  (lightly  made,  to  be  acq^uieiced  in.  Tis  true, 
indc^  if  a  6^  board,  £>r  inftance  a  trencher,  have  its  broad  furface  kept 
by  a  man's  hand  upon  the  hoiKjcmtal  bottom  <^a  bucket,  full  of!  water; 
when  the  hand  that  detained  it,  is  removed,  the  trencher  will  commonly  fbon 
afcend  to  the  fiir&ce  of  the.  water.  Ekit»  I  do  not  percdve,  that  a  deci- 
five  e3q)erimenr,  ofdnsldod,  is  eaiy  to  be  made  with  fuch  nuterials:  fi>r, 
^  wood,  whereof  both  the  trenchen  and  the  bottom  of  the  bndket  con- 
fift^  are  fuppofed  to  bc  light«r>  inffedc^  than  waterj  and,  conftquen^, 
tl^y  muft  be  of  a  porous,  and  lax  texture;  ^(^ilft  the  more  ibbd 
woods,  as  Ugum  vita,  bnuul,  &c.  whofe  texture  is  dofer,  fink  in  wa-- 
tq:«  I^  thercsrore,  th^  be  not  much  care  ufed,  to  bring  the  ihrfiices  of 
the  trencher,  and  the  bottom  of  tbp  bucket,  to  atrue  flatnefs^  and  fmooch* 
Deis,  the  experiment  will  not  be  acomttly  made.i  and,  perl^ps,tho'  it  be 
ipentalljr^  yet  it  is  fiwcce  pra^pally  pdEuble  to  bring  fuch  porous  bodies, 
as  the  h^ter  woods,  to  fuch  a  conua  as  is  necd&uy  in  this  cafe.  And, 
were  that  afhially  don^  I  fhould  not  expeft,  that  the  trencher  would  af- 
cend.  For,  in  my  opinion,  the  caufe  why,  in  ordinary  inftances,  wood, 
wax,  and  other  bodies,  fpecifically  lighter  than  water,  being  let  go  at 
the  bottom  of  a  veflel,  full  of  that  liquor,  emerge  to  the  top,  is  chiefly, 
that  there  is  no  fuch  exquifite  congruity,  and  contaft,  between  the  lower 
fuperHcies  of  the  wood,  and  the  upper  of  the  bottom  of  the  vefTel ;  but  that 
the  lateral  parts  of  the  water,  TCmg  impelled  by  the  parts  of  the  fame 
liquor  incumbent  on  them,  are  made  to  infinuate,  ana  get  between  the 
lower  pans  of  the  wood,  and  the  bottom  of  the  veffel,  and  fo  lift,  or 
thruft  upwards,  the  wood,  which,  bulk  for  bulk,  is  lefs  heavy  than  the 
water  that  extrudes  it. 

But,  as  the  whole  of  the  argument  of  thofe  I  difpuce  with,  confifts  in 

a  fuppofition,  that  becaufe  the  trencher  is  placed  on  the  bottom  of  the 

veflfel,  no  water  can  come  between  to  buoy  it  up ;  whence  they  conclude, 

it  muft  afcend  by  an  Internal,  and  pofitive  principle  of  levity ;  I  made  the 

experiment  after  another,  and,  if  I  miftake  not,  a  better  manner. 

Si^tf?      ^*  took,  then,  two  round,  cylindrical  plates  of  black  marble,  wWch 

iHihiwt^    had  thofe  fuperiicies  that  were  clappM  tc^ether,  ground  very  flat,  and 

Thv^^  carefully  polifliM,  that  they  might  touch  in  as  many  parts  as  poflible;  and 

that  the  upper  being  taken  yp,  the  other  might  fkick  to  it,  and  afcend  with 

it: 
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It :  awl  the  better  to  keep  owe  t4ie  water,  the  internal  furfaces  were,  be-  Statics 
fore  they  were  put  together,  lightly  oil'd ;  which  did  not  hinder  them 
from  moft  eafily  Aiding  along  one  another,  as  long  as  the  contiguous  fur- 
faces  were  kept  horizontal :  then  a  blown  bladder,  of  a  mocferate  Cat, 
was  fattened  to  the  upper  marble,  and  both  rf  them  were  let  down  to  the 
bottom  of  fome  ftagnant  water ;  where,  by  the  help  of  an  eafy  contri- 
vance, the  lower  marble  was  kept  level  to  the  horizon*  And  now  the 
patrons  of  pofitive  levity  would  haw  concluded,  that  the  Madder,  being  a 
body  much  lighter  than  wood ;  and  being  in  an  unnatural  place,  beneath 
the  furface  ofthe  water,  flxwdd,  of  its  own  accord,  and  with  impetudity, 
emerge :  but  I  expe£bed  a  contrary  e\*ent,  becaufe  the  bladder,  being  ty'd 
to  the  upper  marble,  fo  that  both  (^  them  might,  in  our  cafe,  be  confi- 
der  d  as  one  body ;  the  water  could  not  impel  them  up,  fince  the  clofc 
oontaft  of  the  fur&ces  of  the  two  marbles,  kept  the  water  from  infinu- 
atine  between  them ;  and,  confequently,  from  getting  beneath  the  upper 
marble,  and  preffing  againft  the  lower  fuperficies  oi  it.  And,  to  (new 
that  this  was  the  reafim  why  the  bladder  did  hot  emerge^  I  cau&d  part  of 
the  ciVA  furiiace  c£  the  uwer  marble  to  be  flid  off  from  that  of  the  lower ; 
wUch,  by  reafon  of  th^  imoothnefs  and  flippefinefs  <^  the  fui'faces,  was 
very  eafy  to  do.  But  the  contact  ftiU  continuing  m  a  greater  part  of  the 
furface  than  was  requifite,  m6it  and  more  of  uie  upper  marble  was  gra- 
dually dipt  from  the  lower ;  till,  at  length,  when  the  marbles  touched  but  in 
one  half  ti  their  fur&ces,  the  endeavour  of  the  water  to  forire  up  the  blad- 
der full  of  air,  being  ftronger  than  the  refiftance  which  tte  contaA  but  of 
Sart  of  the  fur&ces  of  the  ftones,  was  able  to  make,  they  were  fuddenly 
isjoin'd ;  and  the  bladder,  by  the  extruding  water^  impetuoufly  (hot  up 
above  the  top  of  the  water. 

With  the  Tame  marbles,  we  made  feveral  other  experiments  of  this  kind^ 
moft  commonly  letting  them  down  both  together ;  but  once  or  t^ce,  at 
leaft,  by  placing  the  upper  marble,  under  water,  upon  the  loWer,  already 
fix'd  to  the  bottom  of  Uie  ve(&l. 

That  'twas  not  the  weight  of  the  u^per  marble,  nor  want  of  lighttiefs> 
whetter  pofitive  or  relative,  of  the  air  mduded  in  the  bladder,  that  kept  ic 
from  afcending,  is  manifeft  by  the  impetuous  afient  of  it  upon  disjoining 
the  marbles ;  and  by  this,  that  the  Madder  would  lift  up,  from  the  lower 
parts  of  the  water,  not  only  the  upper  ftone,  when  it  touched  not  the 
other,  but  a  weight  of  feven  or  eight  pounds  hanging  at  it. 

We,  alfo,  took  a  bladder^  in  great  part  freed  fr^m  its  air ;  and  tying 
the  neck  of  it  very  cloie,  that  none  of  the  remaining  air  might  get  out,  wo 
fkften'd  a  confiderable  weight  to  it  j  and,  by  the  help  of^this,  funk  the 
bladder  to  the  bottom  of  a  wide-mouth'd  glais,  full  of  water,  that  the  fur-^ 
face  c^  the  li<|Uor  might  be  confiderably  higher  than  the  upper  part  of  the 
bladder.  This  wide-mouth'd  glafs  we  incmded  ift  a  great  receiver,  which 
was  carefully  cemented  on  to  the  engine.  The  principal  defim  of  the 
experiment  was  to  Ihew,  that  tfao'  the  air  included  in  the  bladder,  wis 
very  £ir  from  being  abtej  by  its  ab&luto  tevity,  to  lift  up  fo  great  a  weigl 
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.Ties,  as  the  bladder  was  clc^g'd  with  ;  yet  the  fame  air,  included  in  the  blad- 
/'\J  dcr,  would,  by  its  mere  expanfinn,wi:hont  any  new  external  heat,  acqiiii-e 
n  power  ol"  alcending,  notwithftanding  that  weight;  which  afcent,  theie- 
fore,  muft  be  attributed  to  the  water,  that,  according  to  hydroftatical  lav;s, 
ought,  ceteris  paribus,  torefiftthofe  immerfed  bodies  the  more  powerfully, 
that  being  lighter,  in  fpecie,  than  it,  polfefs  the  greateft  place  in  it,  and 
hinder  the  more  water  from  acquiring  its  due  lituation.  For  the  profccu- 
tion  of  this  trial,  we  began  to  pump  the  air  out  of  the  great  receiver  ;  and 
its  preffure  upon  the  furface  of  the  water  being  thereby  gradually  leffcn'd, 
the  fpringcfthe  included  air  begin,  by  degrees,  to  diftend  the  fides  of 
die  bladder,  till,  at  length,  the  included  air,  fwelling  every  way,  took 
up  fo  much  more  room  in  the  water,  than  it  did  before,  that  the  water 
was  able  to  lift  the  bladder,  and  the  annexed  weight,  to  the  top,  and  de- 
tain it  there,  till  we  thought  fit  to  let  in  fonie  of  the  excluded  air ;  which 
forcing  that  in  the  bladder  into  Icfs  dimenlions,  the  weight  was  prefently 
able  to  fink  it  to  the  bottom. 

But  if,  inftead  of  hanging  fo  great  a  weight  at  the  neck  of  the  bladder, 
we  faften'd  only  a  moderate  piece  of  lead,  fuch  as  would  only  fcrve  to  fink 
the  bladder,  and  keep  it  at  the  bottom  of  the  water,  fo  that  the  aggre- 
gate of  the  bladder,  air,  and  metal,  was  but  a  little  heavier  than  an  equal 
bulk  of  water ;  then,  upon  the  firft  ftroke  of  the  pump,  which  could  with- 
draw but  a  fmall  part  of  the  air  in  the  receiver,  that  in  the  bladder 
fuddenly  expanding  itfelf,  the  whole  would  immediately  be  impetuoufly 
extruded  by  the  water;  cho',  after  fome  reciprocations,  it  floated  in  its 
due  pofition  ;  but,  upon  the  return  of  a  little  outward  air,  it  would  im- 
mediately fubfide. 

It  may  be  objeffted,  that  the  afcent  of  the  weight  was  not  efiedled  by 
the  prelfure  of  the  water;  becaufc  rarity  and  levity,  being  fimilar  quali- 
ties, the  great  rarifaftion  of  the  air  might,  proportionably,  incrcafe  the 
kvity  of  it  i  and,  confequently,  enable  it  to  perform  much  greater  things 
than  it  could  do  before.  I  iluill  anfwer  this  obje^Bon  by  the  following 
experiment. 

About  the  neck  of  a  conveniently  fhaped  vial,  atde  to  hold  a  few  ounces 
of  water,  I  caufed  to  be  carefully  ty'd  the  neck  of  a  fmall  bladder,  whence 
the  air  had  been  well  exprefs'd  j  fo  that  the  bladder,  being  very  limber  of 
itfelf,  and,  probably,  made  more  fo,  as  well  as  more  impervious  to  the 
air  and  water,  by  the  fine  oil  we  had  caus'd  it  to  be  rubb'd  with,  lay  upoa 
the  orifice  of  the  vial,  like  a  skin  dapp'd  together,  with  many  folds  and 
wrinkles.  This  done,  we  let  down  the  vjal  into  a  velfel  full  of  water  ; 
and  the  vial  being  poifed  for  that  purpofe,  funk  perpendicularly  in  the  li- 
quor, oil  its  nwk  was  pardy  above,  and  partly  beneath  the  furface 
o£  the  water :  then,  covering  the  external  glafs  with  a  large  recriver, 
we  caufed  the  air  to  be  pumped  out ;  and  as  the  prelfure  m  that  was 
gradually  withdrawn,  the  air  in  the  floating  vial  expanded  itfelf  into 
the  bladder,  and  unfolded  the  wrinkles  of  it,  till,  at  lei^h,  it  became  lull 
.  .blown,  withouc  altering  the  ere6l  pofture  of  the  ^ais  ic  xe&sd  on.  But 
m:  this 
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this  great  expanfion,  being  made  above  the  water,  and,  coftlequently,  in  a  Statics. 
medium,  not  heavier,  than  the  included  air,  gave  that  highly  rarityd  air  K^X^STKj 
no  fuch  increafe  of  levity,  m  fliew'd  that  it  made  fo  much  as  the  neck  of 
the  glafs  rife  higher  in  the  water,  than  it  did  before.  Nor  did  we  ob- 
fene,  that  the  return  of  the  air  into  the  receirer,  by  reducing  the  air  in 
the  bladder  to  its  former  unrarify'd  ftate,  made  the  glafs  fink  deeper  than 
before.  But  when  the  experiment  was  try'd  with  the  iame  glafs  and 
bladder,  at  the  bottom  ot  the  water ;  upon  pumping  out  the  air,  the 
bladder,  being  dilated  under  water,  was,  after  a  wnile,  carried  up  to  the 
top,  and  took  up  with  it  about  eight  or  ten  ounces,  that,  to  clog  it,  had 
been  fattened  to  the  bottom  of  the  vial. 

But,  to  examine  whether  a  portion  of  air,  by  being  rarify'd,  or  ex- 
panded, acquires  a  new  and  proportionable  degree  of  pofitive  levity ;  we 
took  a  bladder,  of  a  moderate  fize,  which  was  very  fine  and  limber,  that 
it  might  be  the  lighter,  and  more  eafily  diftended.  The  greateft  part  of 
the  air,  being  fqueezed  out  of  the  bladder,  the  neck  of  it  was  tied  up  very 
clofe,  that  no  air  might  get  in  or  out  of  it.  This  limber  bladder  was  hung 
at  one  of  the  fcales  of  a  balance,  whofe  beam  had  been  purpofely  made 
more  than  ordinarily  fhort,  that  the  infbrument  might  be  fufpended,  and 
continue  capable  of  playing  in  the  cavity  of  a  great  receiver,  into  which 
we  convey 'd  it  j  having,  firfl,  carefully  counterpoised  the  bladder  with  a 
metalline  weight,  in  the  oppofite  fcale.  This  done,  the  air  was  pumped 
out,  and  as  that  was  withdrawn,  the  bladder  was  gradually  expanded  by 
the  fpring  of  the  internal  air ;  till,  at  length,  when  the  receiver  was  weU 
exhaufled,  it  appeared  to  be  quite  full.  But,  notwithflanding  this  great 
dilatation  of  the  included  air,  it  did  not  appear,  by  the  depreifion  of  the 
oppofite  fcale,  to  be  grown  manifeflly  lighter  than  it  was  at  firft.  And 
the  bladder  feem'd,  alfo,  to  retain  the  fame  weighty  after  it  had,  by  the 
air  that  was  let  into*  dbe  receiver,  been  comprefted  into  its  former  flaccid  ^ 
ftate.  \ 

To  determine  whether  a  fifh  rifes  or  finks  in  water,  by  contracting;  or 
expanding  itfelf ;  take  a  bolt-head,  with  a  wide  neck,  almoft  fill  it  with 
water,  and  put  therein  a  large  live  fifh  ;  then  draw  out  the  neck  of  the 
glafs  exceeding  flender,  and  fill  that  alfb  with  water.  Obferve  the  nation 
of  the  fifli ;  and  if,  upon  his  finking,  the  water,  at  the  flender  top,  fub- 
fides  ;  we  may  infer,  he  contrafts  j  and  if,  upon  his  nfing,  the  water  be 
raiied,  we  may  conclude,  he  dilates  Wmfelf. 

I  employ  two  forts  of  experiments,  to  fhew,  that  a  fmall  quantity  of  2»  fr*jf  ?f 
inclofed  air,  may,  by  its  preflure,  have  a  confiderable  effeft  upon  bodies  S^kSi  ^12! 
under  water,  notwithftanding  the  interpofition  of  that  lic^uor.    For  this  »«'•'• 
preflure  may  be  manifefted  by  what  it  directly,  and  pofitively,  performs 
upon  bodies  covert  with  water  j  and,  alf<v  by  the  phenomena  that  regu- 
larly enfue  upon  the  removal  of  the  inclofed  air,  or  the  weakning  ot  its 
Ipring. 

We  took  a.  fquare  glafs-vial,  capable  of  holding  twelve  ounces  of  wa*.  MM^a  J^. 
ter  J  the  neck  of  this  we  luted  on  carefully,  and  ftrongly,  over  the  orifice  «^pr«"i^ 
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Statics.  t>f  the  imi^  pipe,  at  whidi  the  air  ptfles  in  ew  ^ngiiie,  out  of  the  te- 

r:oc»^er  into  the  pomp :  then,  covering  tins  glofs  with  a  great  receiver,  we 

hited  it  Anm^j  to  the  engine,  aa4i,  at  the  tof|,  ponr'd  in  as  much  water 

-48  finftced  to  nirromUl  die  iatemai  ttocivct^  if  1  may  &  <^  it,  and  oo- 

^er  it  to  a  pretty  height.    This  done,  we  exa^y  clo&d^  with  a  turn-key, 

4lie  hole  itt  liie  great  reoeiyo*,  at  which  the  water  had  been  poured  in, 

4!faat  no  air  might  pafs  that  way.  And,  iaftly,  web^n  to  pump  out  the  air 

^<»ni»in'd  in  the  internal  recektr ;  that  the  air,  which,  by  the  ^above-men- 

tion^d  pipe,  had  comnRUMcatkn  wkh  the  external  air,  might  no  longer,  by 

ka  preimre,  i^Gft  the  ^fs  to  refift  the  ptefTure  whidh  the  incumbent,  and 

inclofed  air,  by  virtue  of  its  ipring^  conftantly  exerd(e$  upon  the  fdl^jaw 

'Cent  water,  and,  by  its  intervention,  upon  the  fides  and  bottom  of  the  in- 

wnial  receiver.    At  the  firft  exfuAion,  which  cotdd  not  be  fuppof^  to 

4iftve  wdl  emptied  the  intenial  glafs,  this  veflfel  was,  by  die  prdliire  of 

itht  iApMior  air  upon  the  iunounflutt  water,  bralmi  into  numerous  pieces. 

^^  fttiie  experiii«lit^  with  a  like  raoce(s,  was  repeated  with  a  ftroi^cr 

iatsmal  glaft. 

Havmg  Iqueet'd  out  of  a  moderattly  fined  Madder,  die  greateft  patt  of 
4tiair,w€dedthenedtof  itvery  dofe;  and  then,  fidftenin^  to  it  a  compe- 
iieM  wei^t,  wejrfaced  it  at  the  bottom  of  the  talleft,  and  hrgeft  giafs  we 
^eddld  cover  with  our  great  reoriveri  that  fo,  tho'the  incumbent  air  wette 
^bmiipM  out,  none  of  the  water  mi^t  efimpe  with  it,  but  ftill  retain  die  fiune 
nei^  above  the  bkddef.  Raving,  then,  pouzed  upon  the  bUdder  as 
much  water  as  would  fwim  Ugh  above  the  upper  part  of  it  $  we  covered 
this  glafs  of  water  with  a  great  receiver,  which,  being  carefully  cemented 
on  to  the  enmne,  the  punip  was  fet  on  work ;  and  as  the  air  which,  by  its 
fpring,  preft'd  upon  the  (urface  of  the  included  water,  was,  by  degrees, 
pumped  out ;  fo  the  air,  imprifon'd  in  the  bladder,  gradually  expanded,  at 
the  bottom  of  the  water,  as  if  no  fuch  liquor  had  interpofecl  between 
them,  otherwife  than  by  its  weight ;  upon  whofe  account  it  muft  be  al- 
lowed a  little  to  hinder  the  expanfion  of  the  bladder,  in  proportion  to  the 
height  it  has  above  it.  Thus  the  immerfed  bladder  was,  at  length,  full 
blown,  by  the  dilatation  of  the  air  inclofed  in  it ;  and,  by  its  intumefcence, 
made  a  confideraUe  part  of  the  water  run  over  the  (ides  of  the  glaft 
that  bct'ore  contained  it  ail.  And  when  accefs  was  given  again  to  the  ex- 
ternal air,  the  internal  being  compreffed,  the  bladder  was  prcfently  redu- 
ced to  its  flaccid  ftate. 

We  took  a  fmall  fine  bladder,  whofe  neck  was  fhrongly  ty*d  up,  when 
it  was  about  half  full  of  air  ,•  this  We  put  into  a  fhort  brafs-cylinder,  the 
lower  of  whole  bafes  was  clofed  with  a  brafs-plate,  and  the  other  Idtt 
open ;  this  open  orifice  we  afterwards  ftopp'd,  but  not  exaftly,  with  a  cy- 
Jindrical  plug,  that  was  fomewhat  lefs  than  it,  and  was,  by  a  rim  at  tne 
top,  hinder^  from  reaching  too  deep  into  the  cavity  of  the  cylinder,  that 
it  might  not  damage  the  bladder  which  lay  beneath  it :  upon  the  plug  we 
placed  a  conical  weight  of  lead;  and  this  pilebf  feveral  things,  being  fo 
placed  upon  ov  engine,  tliat  wc  aoirfd  cover  it  with  a  great  rccdver,we  care- 
fully 


fully  cemented  on,  £uch  a  vejQfel,  and  at  the  top  of  it  pour'd  in  fo  much  water  Statics. 

as  would  ferve  to  fill  the  vacant  part  of  the  brafs-cylinder,  and  the  cavnty  K^^T^ 

of  the  engine  to  fuch  a  height,  that  it  cover'd  all  the  leaden  weijght,  which 

was  feveral  inches  high,  except  a  rim  faftened  to  the  top  of  it,  for  the  con- 

veniency  of  removing  it.    This  being  done,  the  pump  was  workM ;  and^ 

Ion?  before  we  had  exhaufted  the  air  of  the  receiver,  that  which  was^  in- 

clofed  in  the  lank  bladder  had,  by  d^rces,  di^lay*d  lb  vigorous  a  fpring*, 

that  it  raifed  up  the  weight,  which  lay  upon  it,  to  a  confiderable  height, 

and  kept  it  there,  till  the  air  was  let  in  from  without^  to  affift  its  depref- 

fure  by  the  lead,  which  ajiiounted  to  no  lefs  than  about  twenty-eight 

pounds. 

We  took  a  cylindrical  copper-veffel,  of  a  confiderable  height ;  into  this, 
being  firft  almoft  filfd  with  water,  we  put  a  fquare  glafs-vial,  capable  of 
containing  nine  or  ten  ounces  of  water,  and  exaAly  flopped  with  a  cork, 
and  a  clofe  cement ;  this  vial,  by  a  competent  weight,  was  detained  at 
the  bottom  of  the  water,  from  whofe  upper  furface  it  was  confiderably 
diftant ;  then  the  copper-veiTel,  bring  placed  upon  the  engine,  and  inclu- 
ded in  a  great  receiver,  well  cemented  on ;  the  air  was,  by  degrees,  pumped 
out :  but,  before  it  was  quite  eidiaufted,  the  glafs,  at  the  Dottom  of  tbt 
water,  was,  by  the  fpring  of  the  air  included  in  it,  burft  into  many 
pieces,  not  without  great  noife,  and  a  kind  of  fmokc,  or  mift,  that  ap- 
peared above  the  furface  of  the  water :  and  another  glafs,  of  the  fame 
fort,  was  broke,  after  the  fame  manner,  in  another  vefTel. 

Now,  the  confequence  that  naturallv  refults  from  the  three  laft  experi- 
ments, is,  that,  fince  barely  upon  withdrawing  the  prelTure  of  the  included 
air,  the  air  refiding  in  the  immerfed  bodies,  did,  by  virtue  of  its  fpring, . 
expand  itfelf  fo  forcibly,  and  perform  fuch  confiderable  things;  the  air 
above  the  water  muft  have  exercifed  a  very  ftrong  preffure  upon  the  fiir- 
face  of  it ;  for,  it  muft  have  been,  at  leaft,  equivalent  to  that  force  o£. 
the  immerfed  air,  the  exercife  whereof  it  was  able  totally  to  hinder. 

And,  from  hence,  it  may  be  eafily  deduced,  that  the  wei^t  of  the  at- 
mofphere  a£ts  upon  bodies  under  water ;  tho'  the  interpo&d  liquor  is  vaftly 
heavier,  in  Jfecie^  than  air :  for,  we  have  juft  now  proved  the  preffure  of 
inclofed  air,  which  confifts  in  its  fpring,  upon  bodies  under  water.    And, . 
*tis  manifcft,  that  the  fh^ngth  of  the  fpring  of  this  lower  air,  we  make  our 
trials  with,  is  caufed  by  the  weight  of  the  upper,  wlueh  brads  and  com- 
prefles  thofe  little  foringy  panicles  whereof  our  air  confifte  ,•  fo*  that  the 
weight  of  the  atmofphere,  being  equivalent  to  the  fpring  of  the  lower  air,, 
muft  prefs  upon  the  furface  of  the  fubjacent  water,  with  a  force  equal  to . 
the  fpring  of^that  part  of  it  which  is  contiguous  to  the  water. 

It  has  proved  a  great  impediment  to  the  recej>tion  of  the  doftrinc  of  ^««*jMi  «v  ii 
the  weight  and  preffure  of  the  atmofphere,  that,  if^it  could,  rttilly,  exercife  f^Jw  jSSL 
fo  great  a  force  as  we  afcribe  thereto,  ic  would,  unavoidably,  opprefs  all 
the  bodies  expofed  to  it :  fo  that  neither  men,  nor  other  animal*,  would 
be  able  to  move  under  fo  great  a  loadj  $^  withftand  its  force* 
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Statics.      this  I  grant  to  be  a  plaufible  objeftion,  but  the  force  of  it  will  be  taken 
K^^r\J  away  by  the  following  confidcrations  put  together. 

^^'J^j,^  -Aid  firft,  the  power  of  preffing,  that  we  afcribe  to  the  air,  is  not  a 
2S^&w  f '  tiling  deduced  from  doubtful  fuppofition^,  or  bare  hypothefes,  but  from 
Tttildtl'lf  ^^^^  *^^  fenfible  experiments.  And,  therefore,  (ince  we  have  clear  and 
pofitive  proofs  of  the  preflure  of  the  air ;  tho*  we  could  not  explain  how 
men  and  other  animals  are  not  deftroy'd  by  it ;  yet  we  ought  rather  to 
acknowledge  our  ignorance  in  a  doubtful  problem,  than  deny  what  expe- 
rience manjfefts  to  be  true.  Thus  the  attraftive  virtue,  and  other  powers 
of  the  Joadftone,  are  freely  acknowledged,  even  by  thofe  who  confefs  them- 
felves  unable  to  explain  them ;  tho,  if  experience  did  not  fatisfy  us  of 
them,  they  were  liable  to  many  more  coniiderabte  objefiions,  tlian  any 
urg'd  againft  the  preflure  of  the  air. 

But  thofe  who  make  this  objeftion  againft  the  great  preflure  of  the  air, 
ieem  not  aware,  that  we  were  conceived,  and  born  in  places  expofed  to 
the  preflure  of  the  atmofphere  :  and,  therefore,  how  great  foever  that  pref- 
fure  appears  to  be,  it  ought  not  to  crufh  us  now  :  (ince,  when  we  were 
but  embryos,  or  newly  bom,  we  were  able  to  tefift  it ;  and  not  only  live, 
|)Ut  grow  to  all  dimeniions,  in  fpite  of  it. 

Ifthere  were  any  place  about  the  moon,  or  other  celeftial  globes,  which 
fome  fuppofe  to  be  inhabited,  that  had  no  atmofphere,  or  equivalent  fluid, 
about  it,  and  where  men,  yet,  could  be  generated  a-new ;  and  one  of  thefe 
men  Ihould  be  tranfported  thence,  and  fet  down  upon  our  earth,  there 
might  be  made  an  experiment  proper  to  decide  our  controverfy.  In  the 
mean  time,  I  doubt,  (ince  nature  is  not  obierv'd  to  make  things  fiiper- 
fluoufly  ftrong,  fuch  a  human  body,  not  being  defign'd  to  re(ift  any  weight 
or  preflfure  of  air,  would  be  of  fo  tender  and  compre(fible  a  make,  that  it 
would  eafily  be  crufh'd  inwards,  by  our  atmofpherical  preflure.  And  tho* 
we  cannot  give  an  inftance  of  this  kind,  yet  we  make  trials  fomewhat  like 
it,  in  our  pneumatical  engine.  For  when  we  place  water  in  our  receiver, 
and  pump  out  the  air  that  was  above  it,  there  will  be  generated  a  multi- 
tude of  bubbles ;  fome  of  which,  when  the  air  is  carefully  withdrawn, 
fwell  to  a  ftrange,  and  fcarce  credible  bulk.  Thefe  bubbles  being  generated 
where  the  air  cannot  prefs  upon  them,  fuch  dimen(ions  arefo  natural  to  them, 
that  if  the  receiver  be  ftanch,  and  no  other  unfriendly  accidents  intervene, 
they  would  probably  be  durable  ;  fince  I  have  known  the  fpring  of  highly- 
dilated  air  continue  for  many  months  :  and  a  bladder  would,  for  no  lefs 
time,  continue  blown  and  fill'd,  in  our  vacuum,  by  a  little  air  left  in  it, 
when  the  external  was  withdrawn  from  it.  Yet  the  large  bubbles,  when 
once  the  outward  air  is  fuffcr'd  to  come  in  upon  them,  arc  thereby  fo  vio- 
lently comprefsM,  that  in  a  trice  they  (brink  into  dimenfions  too  fmall  to 
keep  them  vi(ible.  And  if  I  could  have  fucceeded  in  my  attempt  of  produ- 
cing living  bodies  in  our  vacuum,  I  fuppofe  the  fuccefs  would  have  con- 
firmed our  doftrine. 

You  will  tell  me,  that  fo  great  a  weight  and  preflure,  as  I  afllgn  to  the 
atmofphere,  muft  needs  maxe  a  man  feel  pain  ^  and  if  not  diflocate  fome 

of 
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of  the  parts,  at  Icaft  preft  the  whole  body  inward.  But,  i.  being  ac-  Statics. 
cuftom*d  to  this  preflure  from  our  very  birth,  and  even  before  it,  we  are  '  ^^^^ 
hindered  from  taking  notice  of  it ;  thofe  preflures  only  being  fenfible  to  us, 
that  are  made  fo  by  fome  additional  cauie,  which,  by  making  a  new  im- 
preffion,  excites  us  to  obferve  it.  Thus,  we  are  not  lenfible  of  the  weight 
of  the  clothes  we  wear ;  and  fo  a  healthy  man  is  not  fenfible  of  the  heat  in 
his  heart,  becaufe  'tis  conftant  there,  and  the  fentient  parts  of  the  heart 
have  been  nfed  to  it,  tho*  that  heat  has  been  often  very  confiderable ;  but 
when,  in  live  difleAions,  a  man  puts  his  finger  into  the  heart  of  an  ani- 
mal, which  probably  has  a  fainter,  or  at  leaft  no  ftronger  degree  of  heat, 
than  a  human  heart,  he  will  feel  in  his  fingers,  accuftom'd  to  the  air,  a 
manifeft  degree  of  heat.  2.  It  has  been  proved,  that  a  cubic  inch  of  air, 
for  inftance,  has  a  fpring  fufficient  to  refitt  the  weight  of  the  whole  atmo- 
iphere,  as  far  as  it  is  expofed  thereto;  otherwife  it  would  be  more 
comprefs'd  than  in  faft  it  is.  3.  A  very  little  portion  of  air,  tho*  it  much 
fooner  lol'es  its  fpring  by  expanfion  than  a  greater,  yet  will  refill  further 
compreffion,  as  much  as  a  greater.  4.  The  pores  or  the  parts  of  animals, 
whether  fluid  or  confiftent,  as  in  their  blood,  gall,  urine,  heart,  liver,  &c. 
there  are  included  a  multitude  of  aerial  corpufcles ;  as  appears  from  the 
numerous  bubbles  afforded  by  fuch  liquors,  and  the  fwelling  or  expanfion 
of  the  confiftent  parts  in  our  exhaufted  receiver.  5 .  To  this  we  may  add, 
that  befides  the  bones,  whofe  folidity  is  not  queftionM,  a  much  greater 
part  of  the  human  body  than  is  ufually  imagined,  really  confifts  or  mem- 
branes and  fibres,  and  the  coalitions  and  contextures  of  them  ;  and  that 
thefe  fubftances  are,  by  the  moft  wife  author  of  things,  made  o  fa  much 
dofer  and  ftronger  texture,  than  thofe,  who  have  not  tryM,  will  be  apt  to 
think.  Laftly,  there  is  a  far  greater  diflference  than  men  commonly  fuf- 
pedl,  between  the  e&As  of  the  preffures  made  upon  bodies  by  folid 
weights,  and  thofe  they  fuffer  from  furroupding-fluids. 

Hence  'tis  not  neceflary  that  the  preffure  of  the  atmofphere,  tho*  as 
^reat  as  we  fuppofe  it,  fhould  opprefs  and  crufh  the  bodies  of  men,  who 
live  under  it;  Tor  the  folidity  of  tne  bones,  and  the  ftrong  texture  of  the 
membranes  and  fibres,  with  the  fpring  of  the  aerial  particles,  (which  abound 
in  the  fofter  as  well  as  in  the  fluid  parts  of  bodies)  that  is  ecjuivalent  to  the 
preflure  of  as  much  of  the  atmofphere,  as  can  exercife  its  preflure  a- 
gainft  them  ;  make  the  frame  of  a  human  body  fo  firm,  that  it  may  well 
refift  the  preflure  of  the  outward  air,  without  having  any  part  violently 
diflocated ;  whilft  this  external  preflure  is  exercifed  only  -by  the  air,  which 
being  but  a  furrounding  fluid,  prefles  equally  on  every  fide.  And  be- 
caufe OUT  bodies  have  been  produced  in  the  atmofphere,  and  from  our  very 
birth  expofed,  without  intermiflSon,  to  the  preflure  of  it ;  our  having  been 
continually  accuftom'd  to  this  preflure,  and  the  firmnefs  of  our  ftruftiure, 
keep  us  from  being  fenfible  of  the  weight  or  preflure. 

Multitudes  of  men  have  had  occafion  to  pafs  over  high  mountains, 
and  I  myfelf  have  been  upon  the  Alps  and  Afenmnes  ;  yet  I  never  met 
with,   nor  heard  of  any  one^    who  took  notice  of  the  di^enc^  a^ 
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Statics/  to  die  wd^t  of  tir  fuftain'di  or  who  compIam?d»  that,  when  come  dowti 
K^^TSJ  to  the  foot  of  the  mountain^'  tfaqr  felt  anjr  gxeater  comprefTure  from  tbs 
air,  than  at  the  top.  Tet,  numerous  expenmenta  witneis,  that  on  more  ele- 
va^  parts  of  the  earth,  which  have  a  lefs  height  of  the  atmofphere  in- 
cumbent on  them;  the  weight  and  prefifure  of  the  air  is  notfb  ^reat  as  be- 
low. And,  on  veiy  high  mountains,  'tis  not  unfikely  that  this  diflference 
may  be  venr  conuderable ;  fince^  when  the  TorriciliioH  experiment  was 
made  near  Uermout  in  France,  upon  the  Puy  de  Dvmmey  which  is  none  of 
the  tugheft  mountains  in  the  world,  they  found  the  difference  of  the  mei> 
cury  at  the  top  and  bottom,  to  amount  to  about  three  inches ;  and,  con- 
iequently,  if  the  trial  had  been  made  with  water  inftead  of  quick-filver, 
the  difilereDce  would  have  been  about  three  feet  and  a  hal^  perpendicular 
height.  Ajoiiy  cm  much  higher  mountains,  the  difference  of  the  height 
of  uie  mercurial  cylinder  at  the  top  and  bottxnn,  would  be  much  greater. 
But^  at  the  bottom  of  fome  very  deep  well,  or  nuneral  groove,  which  may, 
widiGUt  improbability,  be  fu^pofed  pUiced  at,  or  near  the  foot  of  one  of 
theie  mountains  i  if  we  conceive  the  barometer  to  be  let  down,  die  va** 
riadon  woidd  be  much  more  coniideraUe  j  yet  wp  find  not  that  the  ^aagsn 
in  the  deepeft  mines,  of  mountainous  countries,  are  fenfiUe  of  bong 
deprefled.  or  compreifed,  by  any  unufual  wdeht.  But,  to  build  only  on 
matter  of  £[i6fc ;  it  awears  by  the  preceding  ob&rvadons,  that  when  a  man 
was  at  the  bottom  ox  dus  hill,  he  had  an  additional  wdight  of  air  pieffing 
upon  his  head,  above  what  hefiiftainU  at  die  tc^  equal  to  the  hdg^  of  an 
imaj^nar^  ve£fel  of  water,  having  his  head  fiir  its  balis,  and  three  &et  and 
a  half  Hi^ ;  which  is  £>  confiderable  a  weight,  as  could  not  but  have 
been,  of  itfelf,  vexy  uneafy  to  fiipport.  And  the  fame  muft  be,  propor- 
tionably,  applied  to  the  other  parts  of  his  body.  Whence,  we  may  infer, 
that  fuch  a  weight  was  not  felt  by  the  man  it  comprefTed,  becaufe  the  pref- 
fure  was  exercifed  after  the  uniform  manner  of  fluid  bodies. 

And  this  may  fufEce  to  fhew,  that  there  is  no  neceffity  the  compreflure 
of  the  atmofi>here  fhould  make  it  impoffible  to  live  in  it.    But,  to  clear  thi; 
matter  flill  tarther,  we  made  the  following  experiments. 
p^mtnts  ta      Into  a  fhort  hollow  cylinder  of  brafs,  we  put  a  fine  bladder,  ty'd  fb 
wiSfmlfef/L-  ^^^^  ^^  ^^^  ntc\iy  that  none  of  the  air,  whereof  it  was  about  halt  foil, 
iriw.  would,  probably,  get  out.    This  we  did,  to  the  end  that  the  hen's  egg 

we  were  to  bed  in  it,  might  lie  foft,  and  have  its  fides  almoft  cover  d  with 
the  limber  flaccid  bladder,  and  contained  air  i  then  we  covered  the  re- 
maining part  of  the  egg  with  another  bladder,  that  nothing  hard  might 
come  to  bear  immediately  upon  the  ihell ;  wHen,  putting  a  wooden  plug 
into  the  cylinder,  and  a  weight  upon  the  plug,  tho'  flowly  and  warily, 
left  the  quick  defcent  of  the  weight  fhould  make  the  plug  break  the  egg ; 
we,  in  the  laft  place,  coverM  the  cylinder  with  a  large  receiver,  and  the 
air  being  drawn  out,  that  air  which  was  tyM  up  in  the  bladder,  by  de- 
grees, expanded  itfelf  fo  fbrongly,  as  to  lift  up  the  plug  and  the  incum- 
bent weight,  to  a  confiderable  height,  and  keep  it  there,  till  the  external 
air  wasre-admittcd^ 
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An  Bydrofiatictd  J)ifcourfe.  ^yi 

Now,  fince  the  air,  in  fuch  cafes,  expands  itfelf,  vigoroufly,  every  way,  Statics. 
it  muft  prefs  againft  the  egg  with  the  lame  force  that  it  did,  propor- 
tionably,  againft  the  boiiom  t>f  the  phrg^  and  that  force  was  more  than 
Itifficicnt  to  lift  up  the  weight,  which,  together  with  the  plug,  amounted 
to  about  thirty  pounds  :  yet  the  egg,  being  taken  out,  appear^  perfeftly 
whole,  and  no  way  harmed.  But  the  fame  e^  was  afterwards  crufli  a 
to  pieces,  by  laying,  warily,  fmall  weights,  one  after  another,  upon  it,  till 
tliey  amounted  to  about  four  pound  weight. 

We  took  a  dafs-bubble,  about  an  inch  and  a  half  in  diameter,  blown 
at  the  flame  of  a  lamp,  that  it  might  be  far  more  eafy  to  break  than  the 
thinneft  vial ;  this  bubble  we  indudcd  between  bladders,  as  we  did  the 
egg  in  the  former  experiment ;  and  then,  having  warily  put  the  plug  into 
the  cylinder,  fo  as  to  prefs  upon  the  bladder  that  furrounded  the  glafs^ 
we  leifurely  put  the  weights  upon  the  plug,  till  they,  together  with  it, 
amounted  tp  thirty  pounds,  or  more ;  which  being  removed,  the  plug 
was  removed^  and  the  glafs^ubble,  tko'  it  were^  perhaps,  as  thin  as 
fine  white  paper,  was  taken  out  whole. 

But,  left  the  great  refiftance  of  fo  thin  a  glafs,  which  yet  was  not  her- 
metically feal'd,  (hould  be  afcribed  to  its  fpherical  figure  j  we  employ 'd, 
inttead  of  it,  the  ihell  of  an  egg,  whence,  by  a  hole  made  at  one  end,  the 
yolk  and  white  had  been  taken  out.  This  empty  and  imperfe£tly  clofed 
ihell,  we  treated  as  the  glafs^bubble,-  in  the  laft  e;cperiment ;  and^  not- 
withftanding  the  great  leaden-weight  that  refted  upon  the  f^lug,  it  efcaped 
without  the  leaft  crack. 

And,  to  fhew  that  what  we  obfervM  about  the  nature  of  the  compref- 
fure  of  fluid  bodies,  will  hold  as  well  in  water  as  air  ;  we  put  an  hen's 
^g  into  a  limber  bladder,  almdH  full  of  watery  and  tying  the  neck  very 
^ait,  that  nothing  might  get  in  or  out,  we  fo  placed  the  bladder  in  the 
brafs-cylinder,  that  me  egg  might  not  be  immediately  touchM  by  any 
thing  that  was  hard ;  then  putting  the  plug  into  the  cylinder,  we  warily 
and  leifurely  heaped  upon  it  convenient  weights  of  lead,  till  they  amount- 
ed to  about  feventy-nve  pounds :  notwithftanding  all  which^  the  egg  was 
taken  out  found,  and  uncrack'd ;  and^  probably,  might  have  fupported  a 
much  greater  preflure. 

.  Nor  were  eggs  the  only  bodies  we  endeavourM  to  crufli  after  this  man- 
ner :  the  trial  having  been,  alfo,  made  upon  a  piece  of  butter,  of  a  very 
irregular  fliape,  it  came  out  unaltered. 


Bbb  2  AN 


• 

— 

' 

t 

* 

■ 

« 

. 

J 

■  ■            ■ 

• 

■ 

1 

. 

. 

«   ■    ■ 

i          ■ 

>N 


Effay  -  Inftrument, 

"      f  .  ■  .  .       . 

Wberenxiitb  to  examine  if  C  0  IN  be 

adulterate  or  countetfeit.  * 


I.' 


'A  yfr  fftM  f  Y  Avingi  fbrmeriy,  ded  a  little  inftxumeot^  confiftiflfi[  of  a  g^kis- 
i'jSSS'^r-H  II  buUu^  with  a  I<mg  JQender  ftem,  to  compare  the  ipecific  gnvi'^ 
JL  JL  ties  offeycmlfluidsy  by  its  degrees  of  finking  in  them;  and^ 
coming  to  confider  its  ides  moxe  attenrndy,  i»£>and  it,  alio,  oroper  to 
difcover  the  fpedfic  gravities  of  feveral  folios.  For,  every  iblic^  header 
than  water^  lofes  in  water  as  much  of  the  wei^t  it  had  in  air^  as  a  bulk 
of  water,  equal  to  the  immerfed  folid,  would  weigh  in  the  air.  And,  con- 
fequently,  as  gold  is  by  far  the  moft  ponderous  of  metals,  a  piece  of  it, 
and  one  of  equal  weight  of  any  other  metal,  being  produced,  the  gold 
muft  be  the  leaft  in  bulk.  If  both  of  them,  therefore,  be  weigh'd  in  wa- 
ter, the  cold  muft  lofe  lefs  of  its  former  weight  than  die  other  metal ;  be- 
caufe  both  grow  lighter  herein  by  the  weight  of  a  bulk  of  water,  equal  to 
each  refpeftively.  Hence,  I  concluded,  that  my  floating  inftrument  would 
be  made  to  fink  deeper  by  an  ounce,  for  inftance,  of  gold  hanging  at  it  un- 
der water,  than  by  an  ounce  of  brafs. 

•This  inftrument  may  be  made  of  glafs,  copper,  Over,  or  almoft  any 
other  folid  body,  that  is  fit  to  float  on  water,  with  a  piece  of  coin 
hanging  at  it,  and  of  a  texture  clofe  enough  to  keep  out  the  water.  It 
connfts  of  three  parts,  the  ball,  the  ftem,  and  the  place  for  the  coin.  The 
JiX*  *7.  ^^^  B  C  D  E,  if  of  metal,  confifts  of  two  thin  concave  plates,  folder'd  to- 
gether in  the  middle  i  and  at  the  moft  diftant  parts  from  the  junfture, 
there  ought  to  be  left  two  oppoflte  holes,  one  in  each  plate,  for  the  two 
other  parts  of  the  inftrument.  The  ball  Ihould  not  be  exadtiy  round,  but 
of  any  fit  fhape,  to  keep  the  inftrument  ereft  and  fteady  in  the  water  ;  and 
^t  muft  contain  air  enough  to  prevent  the  whole  inftrument^  when  loaded, 

from 


from  finking  below  the  top  of  the  ftem.    The  ftem  A  B,  muft  be  fbl-  Statics 
der'd  on  to  the  ball,  at  the  upper  hole  thereof.     It  may  be  either  hoi-  V^HTX 
low,  or  folid  ,•  but  it  ought  to  be  made  very  flender,  and  confiderably 
long.     In  the  lower  hole  of  the  ball,  is  iblder  d  the  undermoftpart  of  the 
inftrument,   which  I  call  the  ffirrup  G.     The  fcrew  F,  is  a  very  (hort  %  ss. 
piece  of  brafs,  with  a  broad  flit  in  it,  capable  of  receiving  the  edge  of 
the  coin  ;  which,  with  a  turn  or  two  of  a  flight  fmall  fide-fcrew,  may 
be  kept  faft  in.     The  ftimip  G,  is  made  of  wire,  which,  a  little  below  the 
bottom  of  the  ball,  is  bent  round,  fo  as  to  ftand  horizontally,  that  the 
coin  may  be  laid  upon  in    TTwould  be  convenient  to  have  the  xmder  ftem 
and  fcrew  made  feparate,  that  the  ball  of  the  inftrument,  being  fuffici- 
ently  large,    there  may  be  room  for  two  or  three  flat  round  pieces  of 
metal  K,  with  each  of  them  a  hole  in  the  middle,  fitted  to  the  fize  of  the  fig  49. 
ftem,  to  ferve  as  balaft  ,•  being  placed  near  the  lower  part  of  the  ball,  when 
the  fcrew  may  be  thruft  on  to  fupport  them. 

Toadjuftthis  inftrument  for  the  examination  of  a  guinea,  you  muft,  4tt/wi /o  <fa 
by  the  help  of  theftirrup,  or  fcrew,  hang  a  guinea,  known  to  be  genu- JJ^*'**^**^ 
ine,  at  the  bottom  of  it ;  and  having  ftop'd  the  orifice  of  the  ftem,  it  hol- 
low, that  no  water  may  get  in,  immerfe  the  inftrument  gently,  and  per- 
pendicularly in  a  yeflel  offair  water,  almoft  to  the  top  of  the  ftem  ;  then 
letting  it  alone,  if,  being  fettled,  it  continues  in  the  fame  ftation,  and  po- 
fture,  the  work  is  done.    If  it  emerge,  add  a  little  weight  to  it,  either 
at  the  bottom,   or   the    top,  that  the  guinea  may  deprefs  it  as  low  as  is 
required ;  but  if  it  fink  quite  under  the  water,  lighten  it,  by  filing  off  from 
the  balaft-plates,  above-mentioned,  or  otherwife.     Then  let   a  mark  H,  rtg.  17. 
where  the  furface  of  the  water  touches  the  ftem;  and  taking  out  the  in- 
ftrument, fubftitute  in  the  place  of  the  guinea,  a  little  round  plate  of  brafs> 
of  the  fame  weight,  or  a  grain  o;:  two  heavier,  in  the  air  ;  and  putting  the 
inftrument  into  water,  as  before,  let  it  fettle,  and  make  another  mark  I, 
at  the  interfeftion  of  the  ftem,  and  the  horizontal  furface  of  the  water. 

But  there  may  happen  a  cafe,  wherein  the  practical  application  of  our 
inftrument  will  he  unfecure.  For,  if  a  falfifier  of  money  have  the  skill,  by 
waffling,  or  otherwife,  totakeoffmuch  of  thefubftance  of  the  coin,  with- 
out altering  or  imjpairing  either  the  figure,  or  the  ftamp ;  the  coin  wilK 
not  deprefs  the  inftrument  to  the  ufual  mark,  whence  the  guinea  may  be 
judg'd  counterfeit,  tho'  it  be  only  too  light .  However,  it  prefently  ftiews, 
that  the  propofed  guinea  is  abuled  ;  and,  if  the  want  of  weight  appear,  by 
the  inftrument,  to  be  very  great,  'tis  a  ftrong  prefumption,  that  it  is  rather 
wafli'd,  than  counterfeit.  But  the  balance  will  prefently  refolve  the  doubt  : 
for,  if  the  fufpefted  coin  has  its  due  weight  in  the  air,  the  great  lightnefs 
of  it  in  water,  feems  to  proceed  from  its  not  being  of  the  requifite  fine- 
nefs ;  and,  if  it  want  much  of  its  due  weight  in  the  air,  'tis  probably 
wafli'd,  &c.  rather  than  adulterated 

It  may  be  very  convenient,  for  thofe  who  have  frequent  occafions  to 
examine  various  forts  of  coin,  to  have  a  different  inftrument  adjufted  to  each. 
But  if  the  ball  be  made  large^  and  ^rith  a  ftem  long  and  flender  enough,  we 

may 


37*  M  J^-Infirmttit. 

Statics.  ToAy  fixm,  by  cbai^ns  tbe  iMkft-pkccs  occafioiully,  fie  die  £ime  taflnunejit 

k^VV./  %o  eiMiiine  ouos  of  ^ncrent  metals,  and  weiglus.    Thus  one  df  the^  made 

of  copper,   ferves  me  for  gumeas,   crown-pieces,  and  half-crowns ;  aod 

may  eafily  be  made  to  Jervc  £)r  feveral  ibrciga  colas. 

SadtOmmUJ    After  tbe  iame  manlier^  may  pewter  be  compared  and  examiaed.    For, 

iiaviag  once  oblo^ed,  hew  £u  the  inflnunent  is  {vok,  by  a  determinace 

woghtofit^  whidi  isJcoowntobegoodiniukind;  aiul  to  concain  its  due 

pTppoicionof  leadaiMiclh;  if  you  load  the  inftrumeoc  with  an  equal  w^ht 

of  luty  otbtr  maSs  of  pewtez,    and  it.fiojc  deeper,  the  proporcion  of 

lead,  very  pRdMUy,  exceeds  in  the  mixture ;  tho  'tU  poffiple  to  debaie 

pewter  witli  imne^fii^aDoes,  whofi;  Qiecific  ^^idesaie  not  wcU  fcn»wa: 

but  todoit  withleadfieeQis  to  be  the  mqftgaiDfiil  way. 

-    ■  .     THis  inftnuneoc,  may,  aiSa,  affift  us  to  malcc  a  near  eftimate  of  the 

fineoeis  of  gold,  and  its  diferent  alloys  ynth  filver,  or  other  de^noi- 

nate  metals :  fer,  bong  fitted  to  fink  to  the  top  o^  the  pipe,  widi  a  cer- 

ti'       -  ■■.tain  weight  of  the  pnreH  gold,   as  fuppoie  .an  ounce,  ;i)aJcp  a.ml^re 

"  .Qpnmipjng  ■  known  propom<m  of  t^mttd  wherewich  you  alloy  the  Holdj 

"'£ippo&,  of luneteen,  orfifie<9i  partsof  gi^,  and  oneoffibrerj  andlct-t 

tifig  the  inftnuiunt  i^tle  tn  the  watef,mark  the  ^ce  where  the  fur-> 

face  of  the  fluid  cuts  the  ftem.     Then  puttioA  m  another  ouxture, 

wherein  the  Clrer  bears  a  greater  proportion  to  toe  gold,  as,  iiippofe  the 

former  be  an  dehteenth  or  a  fourteenth  part  of  the  lactei:,  youjoay 

obferve  howmui^  leis  than  befin^  this  deprefles  the  ioftnni£q|::    «nd 

&  proceed  to  as  many  degrees  cf  alloy,  gs  can  be  diflio^owial;  on  ^ 

,..     ftem;  always  ob{emng,  mat  the  wdgfat  of  eachmafs,  m  the  air,  be 

exa£tly  the   fame  with   that  of  the  pure  gold ;   wjuch  we  foppou  an 

ounce. 

By  the  fame  method  may  be  examined  the  di&rent  alloys  of  pure  filver, 
with  copper,  or  other  metaJ,  fpecifically  fighter  than  filver  ;  and,  with  a 
flight  variation,  'twill  not  be  difficult  to  eftimate  in  what  degree,  feveral 
corns,  whether  filver,  or  g<^ld,  are  debafed,  by  the  known  ignobler  metal 
iruxed  in  the  piece  propofed ;  and  this  with  greater  esaftnefs,  than  by  the 
touch-ftone,  or  much  more  troublefome  and  chargeable  methods.  And  the 
&me  is  applicable  to  other  mixtures  of  metals. 
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Statical  Hygrofcope. 


SECT.    I. 


AVING  hadoccafion^  amongft  other  fubjcfts  relating  ^^  the  airjJjT^^JJ^'^. 

drynefs^  I  eafily  difcemd^  they  had  {^^titi^M/s 


Hto  confidcr  its  moifture,  and 
no  fmall  influence  upon  feveral  bodies ;  and,  among  the  reft^'upon  ^  *^*«  d 
thofe  of  men  ;  as  the  air  we  breathe^  either  paffes  from  one  of  thefe 
fluid  qualities  to  the  other  i  or  from  one  degree  to  another^  in  the  fame 
quality. 

I,  therefore,  immediately  confider'd  of  a  proper  way>  to  difcover  the^ 
changes  of  the  air^  as  to  moifhu%  and  drynels;  with  their  feveral  degrees. 
For  this  purpofe  it  feem'd,  to  me,  that,  if  a  ftatical  hygrofcope  could. 
be  contrived,  it  would  be  very  convenient ;  and  fit,  both  to  determine  the 
degrees  of  the  moifture,  or  diynefs  of  the  air ;  and  to  tranfmit  the  obfer*- 
vations  made  of  them  to  others.    And  confidering,  further,  that  among 
bodies,  otherwiie  well  qualified  for  fuch  a  purpofe,  that  was  likelieft  to 
give  the  moft  fenfible  informations  of  the  changes  of  the  air,  which,  in 
refpeft  of  its  bulk,  had  thelargeft  furface  expof^  thereto ;  I  pitchM  upon 
a  fine  fpunge,  as  a  thing  which  is  portable,  not  eafily  diffipated^  but,  by 
its  readinefs  to  imbibe  water^  feem'd  likely  to  attract  the  aqueous^  parti- 
cles   it  might  meet  with  in  the  air,    and  which,  by  its  great  porofity^ 
has  much  more  of  fuperficies,  with  r^ard  to  its  bulk,  than  any  fa^y>  noc 
othcrwife  lefs  fit  for  the  purpofe. 

But  I  here  propbfe,  not  the  beft  hygrofcc^  that  mi^t  be  contrivM, 
only  one  that  is  fimple,  cheap,  contained  and  let  up  in  a  little  room^  eafy 
to  be  made  and  tranfported,  ftatical,  commodious,  and  applicable  to^va* 
zious  ufes. 

In  confidering,  what  bodies  were  the  fitteft  to  be  employed  for  flatical 
hygrofcopes,  I  made  tryal  of  more  than  one,  that  feem'd  not  the  leafl: 
{»X)mifing.  I  know,  that  common,  or  fea-£dt,  will  greatly  relent  in  moifb 
air;  and  fait  of  tartar  much  more :  but  then,  diefe  faks  wUl  not  eafily  pare 
with  the  aqueous  corpufdes  they  iiave  once  imbibol  s  4uad  axe,  in  oiher 
rdpefts,  leu  coaveniem;  than  a  fpunge.  JL  made  xspji^  alfc^  with  lute- 

ftringv 


yj6  I^ofeofei  XSoufider'd. 

Statics,  ftrings,  chofen  verv  (lender^  that  they  might  have  the  greater  fur&ce,  in 
^^  '  rei{:c&  ofjJieir.  buik.;.,.EDd  ..tbe&  I  found.  vieuEj^.well  xo  imbdbe  tibe  i^qh 
ftwe^  the-air  s  but,  afcecorards, .  they  did  not  anfwer  my  expefbition. 
I,  atfo,  caufed  a  cup  to  be  turnM  out  of  light  wood,  which,  that  it  might 
lefs  burden  a  tender  balance,  had,  inftead  of  a  foot,  a  little  button^ 
whereto  a  hair  might  be  tied,  to  fufpend  it ;  and  this  cup,  being  exceeding 
thin,  that  it  misht  have  much  fur&ce  expofed  to  the  air,  proved  fo  good 
a  hygrofcqjje,  tnat  I  made  feveral  obfervations^th  it,  for  a  c^ifiderabk 
time.  It  agreed,  al^,  widi  many  trials,  made  on  ether  occaiions,  that 
"w^iitefteeps  leather,  fuch  asis  ufed  for  plaifters,  would  be  very  conveiuenc 
for  my  mirpoie.  And,  indeed,  I  found,  by  feveral  obfervations,  that  if 
this  leather  were  a  fybftance  as  little  liable  to  corruption  as  a  fpunge,  it 
would  be  a  fitter  matter,  than  any  other  I  had  employed,  for  hfffco* 
fcopes. 

£Am •  wuM  But,  upon  the  whole,  I  found  no  body  fb  convenient  for  my  purpofe,  as 
^        a  fpunge  :  to  try  the  porofity  whereof,  we  weighed  out  a  dram  of  the 

.     .....    fine  ibrt ;  and  having  fu£b:  d  it  to  foak  up  what  water  it  oouU^  we' 

r^  -^  '  4ield  it  in  the  air,  tiU  it^  droppM  £>  very  (lowly,  that  we  coualjted.a 
:  ..  .r.  '|^u|<|j^||^  between  the  fidling  of  two  fucceedmg  drops ;  then  putting  it  into 
the  balance  wherdn  it  had  oeen  weighed  befiare,  we  found,  that  as  its  di^ 
menfions  were  increafed  to  the  eye,  fo  its  weight  increafed  upon  die  fcale ; 
amounting  now,  to  above  two  ounces  and  two  drams ;  fb  that  one  dram  of 
fpunge,  tho'  it  feenn^d  not  altogether'  lb  fine  as  the  porrioh  we  had  chofi^ 
.  -m  our  hygrofoope,  imbibed  and  retained  fevenceen- times  its  weight  of 
water. 

Mi  tmi^d  mt§    Now  a  fpunge  is  eafily  turned  into  a  hygrofcope ;  for,  having  weighed 

m  hygr9fe9^  j^.  whcn  the  air  is  of  a  moderate  temperature,  it  only  requires  to  be  put 
into  the  fcale  of  a  good  balance,  fulpended  on  a  fixM  and  liable  fupporter. 
For  the  fpunge,  being  carefully  counterpoifed,  at  firft,  with  a  metalline 
weight,  which  alters  not,  fenfibly,  with  the  changes  of  the  air,  it  will,  by 
its  rifing  or  falling,  (hew  how  much  the  neighbouring  air  is  grown  dryer 
or  moifler,  in  the  place  where  the  inffcrument  is  kept.  The  weight  of  the 
fpunge  may  be  greater,  or  lefs,  according  to  the  fize  and  goodnefs  of  the 
balance,  and  the  accuracy  required  in  the  difcovery.  For  my  part,  tho' 
I  have,  with  very  tender  Icales,  long  employed  but  half  a  dram  of  fpunge, 
I  found  it  anfwer  my  expeftation  :  and  tho',  when  I  ufed  a  bulk  fe- 
veral times  as  great,  in  a  flronger,  but  proportionably  lefs  accurate  ba- 
lance, I  had  ill  fuccefs  ;  yet,  after  tnals  with  diferent  quantities  of 
it,  I  preferred  that  of  a  dram  ;  as  not  being  fb  heavy  as  to  overload  the 
finer  fort  of  goldfmith's  fcales,  and  yet  Efficient  to  difcover  changes 
confiderably  minute  ;  turning,  difcernably,  with  a  fixteenth  or  twentieth 
part,  and,  manifefU}^,  with  half  a  Quarter  of  a  grain. 

E»$mmewts^        With  fuch  hygrofcopes  as  thefe  (wherein  the  balance  ought  to  be  flill 

mdtwaST^'^^}  f^^nded  and  chained)  I  made  feveral  trials,  fometimes  in  the 
fpring,  fometimes  in  the  autumn,  and  fometimes,  aifo,  in  the  fummer 
And  winter.    Having  once  kipt  a  dram  of  fpunge  fufpended,  diuring  a 

whole 
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whole  fpringf,  and  a  great  part  of  the  preceding  winter,  and  flibfequent  SrATirf. 
fummer,  I  was  well  rewarded  by  the  obfervatJons  it  afforded  me.  '^•'V^ 

Now,  the  ufe  of  a  hygrofcope  is  either  general,  cor  particular.  . 

The  general  ufe  is,  to  eftimate  the  changes  of  the  air,  as  to  moifture^  rfetfifi 
and  drynefs,  by  fuch  ways  of  meafuring  them,  asareeafyto  be  known,  ^'^'^^ 
provided, 'and  communicated.    Tis  obvious  that  our  ftatical  hygroicope 
has  the  advantage  of  the  common  forts,  in  thefe  feveral  refpefts. 

There  is,  however,  6ne  great  impcrfeftion,  which  all  that  I  have  been 
acquainted  with,  are  liable  to  ,•  the  want  of  a  ftandard  of  the  drynefs  ^nd , 
moifhire  of  the  air ;  by  relation  to  which,  hygrometers  fliould  at  firft  be  ad- 
jufted,  and  afterwards  compared  with  one  another :  tho'  this  inconvenience 
may  poflibly  be  remedied.  In  the  mean  time,  even  our  flight  inftrument 
will,  m  many  relpefts,  prove  very  ferviceable. 

And  firft,  it  will,  on  many  occafions,  be  ufeful  to  fhew,  both  that  ^he  JJ'M^*]'^ 
air  is  ufually  lefs  moift  at  one  part  of  the  artificial  day,  than  at  any  other  ;gr^j^^u^Jh9t 
and  at  what  particular  time  of  the  day,  or  night,  it  moft  commonly  is  fo.  ^^^j^^ 
I  remember,  when  the  weather  was  at  a  ftand,  I  ufually  obferved,  that^rtiiti!»/«iM 
the  fpunge  had  manifeftly  gain'd  in  the  night,  tho'it  were  kept  in  a  bed-JJJ^/^^'^'**' 
chamber,  and  grew  lighter  again  between  the  morning  and  noon.  But 
this  obfervation,  which  was  made  towards  the  end  of  winter,  would  not 
hold,  in  cafe  frofty  nights,  or  fome  other  powerful  caufe  intervened. 
'Twere  proper,  alfo,  to  obferve,  whether  there  be  not  a  correfpond- 
cnce  betwixt  the  hygrometer,  and  barometer, ;  and,  if  there  be,  in  what 
kind  of  weather,  or  conftitution  of  air,  it  is  moft,  or  leaft  to  be  difcemed . 
And  this  enquiry  feems  the  more  dubious,  becaufe  the  fame  changes  of  the 
atmofphere  may,  upon  differing  accounts,  have  either  the  like,  or  quite 
contrary  operations  upon  thefe  two  inftruments.  For,  in  fummer,  when  ■ 
the  atmofphere  is  ufually  heavier,  the  hvgrofcope  is  ufually  lighter  :  fome 
ftrong  winds,  as  with  us  the  north-weft,  may  make  both  the  atmofphere, 
and  barometer  lighter ;  whereas,  foutherly  winds,  efpecially  if  accompanied 
with  rain,  often  make  the  atmofphere  lighter,  and  the  fpunge  heavier. 
On  the  other  fide,  I  obferve,  that  eafterly  winds,  efpecially  when  they 
begin  to  blow  in  winter ;  tho*,  by  reafon  o£  their  drynefs,  they  make  the 
hygrofcope  lighter;  yet,  at  leaft  here,  at  the  weft-end  of  LondoUy  they  com- 
monly fhew  the  air,  by  the  barometer,  to  be  heavier.  It  were,  likewife,  fit 
to  be  obferved,  particularly  by  thofe  who  live  on  the  fea-coaft,  whether  the 
daily  ebbing,  or  flowing  of  the  fea,  do  not  fenfibly  alter  the  weight  of  the 
hygrofcope.  Twould,  alfb,  be  very  convenient,  to  take  notice,  at  what 
times  of  the  day  or  night,  ceteris  paribus ^  the  air  is  moft  damp  and  moft  dry ; 
and  not  only  in  feveral  parts  of  the  fame  day,  but  in  feveral  days  of  the 
fame  month  \  efpecially  on  thofe,  wherein  the  fiill  or  new  moon  happens. 
And  this  feems  a  more  hopeful  way  of  difcovering,  whether  the  full  moon 
diffufes  a  moifture  in  the  air,  than  thofe  vulgar  traditions  of  the  plumpnefs 
of  oyfters,  fhell-fifh,  the  brains  of  fome  animals,  the  marrow  in  their  bones, 
&c.    It  may  alfo  be  noted,  whether  monthly  Q>ring-tides,  efpecially  when 

Vol.  II.  Ccc  they 


StAittcs.  they  UptietlnMr  the  middle  of  March  or  Seftemkt,  have  any  fiSuffble  tSkSt, 

HySrO  upon  our  inftrnmetit. 

iHaXiJtLA     The  hygtofcopes  made  of  an  oaten  beard,  aftet  fome  months .  begib  to 

_  up  and  Ihrink ;  fb  that  their  fenfe  of  the  varying  degrees  of  the  moi- 

.„„^^     ibue  of  the  ah:,  is  not  fo  ijudden  as  before  ;   aiui  the  information^  they 

tto  iMMOfif.  give  of  the  degrees  of  it,  cffpeciaily  towards  the  outmoft  boudds  of  their 
power,  to  (hew  the  aVf  akeraticms,  become  more  and  more  irregular.  But 
the  durablenefs,  and  other  con^nient  qualifications  of  our  fpunge,  making 
its  capadty  of  doin^  iervice  more  lafting,  may  the  better  he^>  us  to  xom- 
bare  the  greateft  mc^ilbre  and  drynefs,  both  ot  the  iknie  feafodi  and  of  the 
SsajTonsoxone  vear,  with  the  correspondent  ones  of  another.  And.  if  tlK 
weight  of  t^  ipunge,  at  a  proper  time,  when  the  temperature  of  tneair  Is 
neither  cbnfi(brably  moift,  nor  confiderably  dry,  be  taken  tor  a  ibuidard  ; 
a  perfon  mi^y,  by  cooptputing  f(»:  How  many  days,  at  fuch  an  hoor^  and  how 
much,  at  that  tumr,  it  was  heavier  or  lig^r  than  the  ftandard  i  ancL  alfi^ 
by  comparing,  the  relldt  of  £i(^  an  account,  in  one  year,  with  uut  refuk  dt 
the  like  account  m  another,  be  aflifted  to  sudce  a  more  particular  and  near 
dfldmate  of  the  diSkntiQ  ten^^eraiture  oi  tfa^  air,  as  to  moifture  and  dryness, 
10,  one  year  than  in  anmier  f  and  in  aw  c(»rre4>ondent  feafon,  or  ihonth, 
affigned  in  each  of  the  two  years  f^ropdbed.  And,  hpw  hr  dbe  compari£ra, 
or  continuance  of  fuch  oblWvations,  both  in  the  iame  places  and  alio  in 
di£Gsrent  countries,  and  dimatei^  may  be  ufetul  to  phyficians»  in  referjCBce 
to.thofe  difea&s,  where  the  moUhire  and  drynds  <A  the  air  hav«  mwh  in- 
tereft  i  and  the  husbandi^n,  to  £>rcfee  wnat  feaiCbhi  wiU  prove  feen^, 
or  unkind,  to  partkvlair  foils  and  vegetaUes ;  it  muft  be  the  woA  c^time 
to  teach  us  t  in  the  interim  we  have  no  reafbn  tp  deipair,  that  the  ufes  to 
be  made  of  fuch  ob&rvations,  may  prove  confideraole.  And  if,  by  the 
refult  of  many  obfervations,  men  may  be  enabled  to  forefee  the  tempera- 
ture of  a  year,  or  even  of  a  feafon>  it  may  advantage  other  profeffions  of 
men,  who  receive  mUch  profit,  or  prejudice,  by  the  great  drynefs,  or  ex- 
ceiBve  moifture  of  the  feafons.  Not  to  mention  thofe  who  cultivate  hops, 
faffron,  and  other  plants,  that  are  tender,  and  bear  a  great  price  j  fuch  a 
fbrefight,  as  we  are  fpeaking  of,  may  be  of  great  ufe  to  (hepherds,  who, 
in  feveral  parts  of  England^  often  fuftain  great  lofles,  by  the  rot  of  Iheep ; 
which  ufually  happens  through  excefs  of  moifture,  in  certain  months  of 
the  year.  And,  in  order  to  lay  foundations,  whereon  to  build  predictions, 
it  may  not  be  amifs  to  regifter  the  number,  magnitude,  and  Juration,  of 
the  confiderable  fpots,  that  may  at  this,  or  that  time  of  the  year,  happen 
to  appear,  or  be  diffipated,  on,  or  near  the  fun  ;  or,  to  take  notice  of  any 
extraordinary  abfence  of  them  ;  and  to  obferve  whether  their  apparition,  or 
diffipation,  produce  any  changes  in  the  hygrofcope.  This,  indeed,  I  fhouid 
not  venture  to  propofe,  but  that  eminent  aftronomers  have  cafually  obfer- 
ved  great  drynels  to  attend  the  extraordinary  abfence,  or  fewneis  of 
the  folar  fpots.  And  fuch  perfons  as  are  aftrologically  given,  may  ex- 
tend their  curiofity,  in  the  ufe  of  this  inftrument,  to  obferve,  whether 
edipfes  of  the  fun  and  moon,  and  the  great  conjunftions  of  the  fuperior 
planets,  have  any  remarkable  e&A  upon  it.  I 


liygrofcopes  Confider'd.  579 

I  have  fiyund,  by  removing  the  ipunge  into  the  wind^  that  it  fopn  re-  Statics*- 
oeiv'd  a  very  confiaerable  alteration,  in  point  of  weight ;  as  it,  alfo,  did,  V^/VN^g/ 
when  removM  out  of  a  room,  into  a  garden,  where  the  fun  (hone:  for,  5|]fc!S«f  ^m!?  ** 
tho*  the  feafon  were  not  warm,  it  being  then  the  month  oiyanuaryy  yetycompare  the 
in  three  quarters  of  an  hour,  the  fpunge  loft  a  34th  part  of  its  weight. /^^^f.^^^^^ 
We  may,  alio,  in  fbme  cafes,  ufefullv  fubftitute  a  broad  piece  of  flieep's- *J«  *^  *«^ 
leadier,  by  difplaying  it  to  die  wincl.    For  this  having,  by  reafon  of^  its^^,  mlSuilr 
thinnefs,  in  proportion  to  its  breadth,  a  very  large  fuperficies  immediately  ^«^« 
expofed  to  the  wind,  we  found  it  to  be  confiderably  alter'd  thereby  ; 
fo  that  half  an  ounce  of  it,  well^prepared,  being  kept,  for  an  hour,  in  a 
place  where  the  fun^eams  might  not  beat  upon  it,   did,  in  a  ftrong 
wind,  vary  an  eighteenth  part  of  its  original  weight.    But  tho'  I  think  it 
very  poffible  to  make  fuch  obfervations  of  the  temperature  of  particular 
winds,  as  will  frequently  prove  fb  true  as  (o  be  ufefiil,  at  leaft,  to  thofe 
who  live  in  the  places  where  they  are  made  ;  yet  I  am  of  opinion,  that^ 
to  be  able  to  fettle  general  rules,  to  determine,  with  any  certainty,  the 
Quality  of  winds,  according  to  the  points  of  the  compais^  from  whence  they 
blow,  great    warinefs  will  be  required :    and  he  who  has   not  fome 
competent  skill  in  phyiia,  and  coimography,  muft  be  very  fubjeft  to  mi-- 
ftake  in  forming  his  rules. 

For,  winds  ^at  blow  from  the  fame  quarter,  are  not,  in  fome  countries, 
of  the  ikme  quality  they  are  in  moft  others ;  but  participate  much  of  the 
nature  of  the  region  over  which  they  blow,  in  thdr  paflage  €0  us.  At  Archamti 
dieyobferve,  that  tho*  a  nojtherly  wind,  almoft  every  where  elfe,  widiout  tm 
tmpics,  produces  froft  in  winter,  it  is  there  attended  with  a  thaw|  probably 
becauie  this  wind  comes  over  the  fea,  which  lies  north  from  that  place  :  and 
on  the  contrary,  a  foutherly  wind,  bbwing  over  a  thoufand,  ot  twelve 
hundred  mil^,  of  frozen  land,  rather  increafes  the  froft,  than  brings  a  thaw. 
The  northern  winds,  which  are  ^liewhere  drying,  are  faid  in  ^yft  to  be 
mo&ft.  And  we  are  told,  that  the  nortbera  wim  in  £^^^  is  the  moifteft. 
Monfieur  dt  Sfrres,  fpeaking  of  the  changes  of  the  air,  with  remrd  to  huA- 
bandry,  in  feveral  parts  m  PrMce^  informs  us,  that  about  T[%ohux^y  the 
ihuth-wind  dries  thip  ground,  and  the  north  gives  rains.  On  the  con- 
trary, from  Narbonne  to  Lyons ^  all  over  Provme  and  Dmfhini^  the  latter 
catiles  dcynefs,  aiid  the  other  brings  moifture. 

But,  fmber,  the  vehemence,  or  the  faintnefs  of  the  wind,  though  blow* 
ing  over  the  iame  country,  may  much  diveriify  its  cjieration  on  the  hygrof- 
cope  ;  and  the  fame  wind,  which,  when  it  blows  but  moderately,  appears 
nsoift  by  the  hygroicope,  may,  when  vehement,  or  impetuous,  make  the  in- 
ftrumcot  grow  lighter ;  difcufling  and  driving  away  more  vapours,  by  the 
agitation  of  parts  it  makes  in  the  fpunge,  than  is  balanced  by  thofe  aque- . 
ous  vapours  that  are  brought  along  with  it.  And  frofty  weather,  as  we 
found  oficen,  niade  the  hygrofcope  grow  lighter,  even  at  night  5  but  fnowy 
weather,  which  lafted  not  long,  added  fomething  to  the  weight  of  the 
fpunge  :  and  it  has  been  obferv'd,  that  mifts  and  foggy  weather  add  a 
v^eight  to  it. 

Ccca  Nay, 
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Statics.       Nay,  \i$  probable,  that  a  traiilient  cloud,  in  fair  weather,  hiay  be  ma^ 

V^W^  nifeftly  obfervable  by  our  inftrument.    For,  the  pth  of  Septemier,  being 

for  the  moft  part,  a  very  fair  fun-fliiny  da^,  and  tho',  about  ten  a  clock 

in  the  morning,  the  fun  Ihone  brightly,  the  ipunge  began  to  prepondex'ate  ; 

which  unexpedted  phenomenon  made  the  peribn,  in  whole  chamber  the 

inftrument  was,  look  out  at  the  vdndow,  where  he  difcoverM  a  cloud  that 

darkened  the  fun ;  but^  after  a  while,  this  being  paft,  the  balance  return 'd 

to  an  equilibrium.    And,  I  have  more  than  once,  or  twice,  obferved,  efpe* 

cially  in  fummer,  that  when  th^  air  grew  heavier,  the  hygrofcope  either 

continued  at  a  ftand,  or,  perhaps,  grew  lighter  ;  as  if,  when  fuch  cafes 

happen,  the  effluvia  that  get  into  the  air,  either  from  the  terreftrial,  or 

fome  other  mundane  globe,  were  not  fit,  like  vapours,  to  enter  and  lodge 

in  the  pores  of  the  ipunge  ;   and  fo  were  corpufcles  of  another  nature; 

with  which,  when  we  find  by  the  barofcope,  that  the  air  is  plentifully 

ftock'd,  it  may  be  worth  while  to  obferve,  whether  any,  and  what  kind  of 

meteor,  will  commonly  be  (ignified,  and  produced. 

^^JJjJ'JJ^^     As  it  is  of  great  ufe,  both  m  refpedt  or  mens  health,  efpecially  if  they 

jtfuftiff  i/  i(f*be  of  a  tenders  or  fickly  conftitution ;  and  for  the  conveniency  of  the  ke»- 

^^Jp!^*    ingflcQi,  feveral- forts  of  wares,  <!rc.  that  are  fubjeft  to  be  dama^  by 

vmmTw av/«fliff  moift  air ;  fo  this  may  be  readily  and  manifeftly  derived  £tx)m  our  inftru* 

*^*  ment.    For,  by  removing  it  into  feveral  houfes,  or  into  feveral  parts  of 

the  fame  houfe,  and  letting  it  ftanii,  for  a  competent  time,  in  each,  we  have 

often  obferved  a  notable  difference ;  of  which  I  ihall  here  ^ve  two  or  diree 

inftances. 

Having,  upon  the  loth  of  OStobety  taken  a  piece  of  fine  fpunge  out  of 
a  cabinet,and  clip^d  it  till  it  weighed  juft  half  a  dram,  in  a  nice  pair  of  icales, 
and  a  warm  room;  we  afterwards  removed  them  into  a  neighbouring 
room,  deftitute  of  a  chimney.  This  ftatical  hygrofcope,  was,  OElober  12, 
at  night,  removed  into  the  lormer  room,  and  the  fpunge  found  to  have 
gain  d  three  grains,  and  an  eighth  ;  and,  confequently,  more  than  a  tenth 
part  of  its  firft  weight :  but,  being  fuffer'd  to  ftand  in  this  warm  room  ;  in 
lefs  than  twelve  hours,  it  loft  a  grain,  and  about  one  eighth  of  its  former 
weight;  though  the  time  it  flood  in  this  room  were,  for  the  moft  part, 
flight,  and  the   weather  rainy. 

At  another  time,  we  took  a  piece  of  very  fine  fpunge,  which  had  for- 
merly weight  jufl  a  dram  ;  but  having  been,  for  many  months,  kept  in  a 
very  warm  room,  it  was  grown  much  lighter :  for,  removing  it  into  an 
upper  chamber,  in  a  neighbouring  houfe,  and  weighing  it  in  tender  fcales,  in 
the  evening  'twas  found  to  want  four  grains,  and  three  quarters,  of  a  dram ; 
and  tho*  there  was  a  fire  in  the  room,  and  the  fcales  ftood  not  far  from  it, 
yet,  in  a  fhort  time  (the  day  being  foggy  and  rainy)  the  founge  vifibly  de- 
prefs'd  its  fcale  three  eighths,  and,  the  next  morning,  was  found  to  want  but 
one  grain  and  a  half,  of  a  dram  ;  fo  that  it  had  gain'd  about  three  grains 
and  a  quarter :  and  the  following  evening,  being  the  fecond  of  January ^  it 
weighed  one  dram,  a  grain,  and  almoft  a  half.  So  that  in  about  one  na- 
tur^  day^  the  fpunge  had  acquired  fix  grains  from  the  moift ure  of  the  air ; 
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that  is,  a  tenth  part  of  its  firft  weight ;  and  a  greater  propordon  to  the    Static^ 
weight  it  had  the  day  before.    The  third  of  Januwrf^  the  weather  being  VXVXi/ 
yet  moift,  the  weight  exceeded  two  grains  :  but  about  three  or  four  of  the 
clock,  in  the  afternoon,  it  began  to  lofe  of  that  great  weight,  which  dimi- 
nifliM  more  by  the  next  morning  ;  the  weather  having  clmng'd  that  night, 
and  become  frofty. 

A  dram  of  fpunge,  that  had,  for  feveral  weeks,  been  kept  in  a  dry  room, 
was  {January  lo.)  carried  out  into  a  room,  where  a  fire  is  not  ufually 
kept ;  the  weather  being  extraordinary  foggy  :  the  next  morning  it  was 
brought  into  the  former  room  ;  and  though,  now  the  weather  was  clear, 
it  appeared  to  have  gain'd  about  eleven  grains  in  weight ;  yet  it  prefent- 
ly  loft  two  grains,  oy  ftanding  in  this  room. 

In  fmall  chambers,  I  have  often  obferved  a  moderate  fire  to  alter  the  n^jg^i^  i^,^  ^ 
weight  of  the  inftrument,  placed  at  a  diftance  firom  it,  after  it  had  been  "^^^^^  ^ 
well  kindled  for  a  very  little  while  ;  but,  in  wet  weather,  if  the  fire  ^trtf,^'^'^' 
not  feafonably  recruited,  with  firefli  fewd,  the  decay  of  it  would  foon  bcg^i[]^»  •^ 
to  be  difcemable  by  the  inftrument.  i^^f^mfn. 

Suppofing  the  alteration  d  weight  in  our  fpunge,  to  depend,  only,  yxifontbtjM t^k^t^ 
the  degree  of  the  moifture  of  the  air  ;  if  a  convenient  part  of  the  room  ^\!^/^jg^^^ 
chofen  for  the  hygroicope,  and  it  be  kept  conftantly  there,  'tiseafy,  frora  jk^^f^ 
time  to  time,  to  perceive  when 'twill  be  requifite  toincreafe,  or  moderate*^'* 
the  fire,  fo  as  to  keep  the  ipimge  at  that  wdght  it  was  of,  when  the  tem- 
perature of  the  air  of  the  chamber,  as  to  drynefs  and  moifture,  was  fuch 
as  is  defired.    I  have,  fomedmes,  obferved,  with  pleafure,  how  manifeft. 
and  great  a  change,  in  the  weight  of  our  fpunge,  would  be  made,  when 
the  room  was  wafli'd^  and,  for  a  confiderable  time  after  i  tho'  a  large  fire 
was  kept  in  it,  to  haften  its  drying. 

Befides  thefe  feveral  ufes  ot  our  hygrbfcope,  there  may,  pofflbly,,  be 
many  others ;   and,  perhaps,  by  a  little  alteration,  and  improvement,  it 
might  be  made  capable  of  Ihewing  fome  difference  betwixt  fleams  of  differ^ 
inj^  natures;  as  thofe  of  water,  £irit  of  vtnne,  chymical  oils  ;  or  new  kinds, 
otfubflances  in  the  air,  wherein  I  fufpe£t  there  may  fometimes  be  difpeifed 
great  plenty  of  unknown  corpufcles.    For,  I  have,  more  than  once,  ob* 
ferved,  the  hygrofcope  not  to  be  affected  with  the  alteration  of  weather^ 
anfwerably  to  what  the  manifeft  conftitutions,  or  variations  of  it,  feem'd 
plainly  to  require.     Whether  unobferv'd  panicles  performed  iliis,    by 
making  the  other  fteams,  in  point  of  figiure,  or  fize,  unfit  to  enter  the  minute 
pores  of  the  fpunge ;  or  by  oiflipating,  or  otherwife  procuring  the  avolation . 
of  more  of  the  watery  particles,  than  they  could  countervail,  lihallnotnow 
examine.    And,  perhaps  too,,  by  aflGbciating  this  inftrument  with  the  ther*    ^ 
mofcope,  barofcope,  &c.  it  might  be  &  improved,  as  to  help  us  to  fore*^ 
fee  many  confiderable  things,  that  either  are,  themfelves,  changes  of  the  ain^ 
or  confequences  thereof :  for  inftance^  fickly  and  healthful  c^iftitutions  of 
the  air ;  barren,  or  plentiful  feafons,  in  particular  places  or  countries ;  fhrong 
hurricanes,  earth-quakes,  inundations,  and  their  iU  eflfedts ;  and  efpedally 
thofe  accidents  that  depend  much  upon  the  furcharge  of  the  air,  with 


Statics.  otiierachfthtianStM^>^™^'^pwi^  -viiidi'  bofiom^haxid  opewte  f^aiOblir 
\^>r\J  QpKmour  'lirffanimeftt.^  mnd therefore  may  be  di£aa!Btbi€  by  it^  bong  facfiarer 
thqr  trrive  at  thac  he^ht,  wliich  makes  them  fermidable  meteors.  Ajid, 
i£  it  were  but  tbe  fooncteUinff  appioachmg^rain;  this  very  diing may,  on 
many  oocafions,  prove  very  firvioeable,  and  reoommend  our  inflhnment, 
^ which  often  receives  much  earlier  impreffions  £rom  the  fleams  that  float: 
in  the  anv  ^hui  our  fades  do;  &  that  I  have  boen  able  to  £Qcet»l  a  fliower 
;of  rain,  ^pedally  in  dry  waather^  for  a,  canfidenbie  time  be&re  it  feli 

And  here  I  muft  adverrife^  with  Rgaid  to  our  inftrument,  as  well  as 
the  baxometer,  that  if  a  theory,  or  hypochefis,  in  itietf  rational,  be  feiuid 
agrse^^  to  what  -hmpens  the  moft  nuially  in  obfervation  ;  it  ought  not  to 
be  rejected,  or  laid  afide ;  tho',  fixnedmes,  particular  infiaaces  may  eall 
tk  in  ifieftianv  For,  'tis  very  poffibla,  that  tte  the<iry,  or  hj^podwfis,  may 
iieas  good  as  a  wi&  num  would reqiuxie,  dxlut  &  mutable  a  fubjeft  as 
rthe  weather.  And  the  canfe  affim'd  by  the  hypothefiSy  may,  really,  a^  fui--* 
ttblv  to  what  that  requires,  tbof  a  contsary  t£Uk  m&t^  by  rnimi  of  this 
caufe  being  accidentally  over-ruled,  by  fmne  mane  powcaini  «9enc^  which 
-ior  that  time  iati^bsi^ahr.    Thus  we  ImoWy)  that  tides  do^  in  mend, 

,     ,         ..osnefj^ondwicfa'them^^  andgenecaUy  ebb  mid  flow  at 

Ibch  tunes,  Md  in  iuch  mcafiuM,  as  the  dieor^ 

^^Qrandmioe,  requires :  yi^  ieamcn  find,  that  in  this,  or  that  parricrihMr  har^ 
hma,  or  mourn  of  a  river,  fieite  contrary  vriods,  great  iMd^flioods,  and 
odier  casfiuU  oainies,  iiimiecini^  very  mncfa  diftoEb  the  secular  osivft 

itffthetides^  4ind  either  iacrea£s,  orldfeu  them*    '  / 

'  ■         •       # 

SECT.   n. 

Inf^0eisrfth8^  QTill  fertber,  to  reoommend  the  ufe  of  hygrofoopes,  I  ihall  here  fliew, 
tSSafutbt  ^  ^^  ^^^  quality  they  acquaint  us  with,  may  be  very  confidcroble,  not 


mhr^sUfes'  Only  upon  mens  healths,  but  upon  fubjeds  £ar  lefs  tender,  and  lefs  curi- 
/•«•  oufly  contrived,  than  human  bodies. 

i^  mmmMi        That  the  moifture  of  the  air  mav  have  no  finall  influence^  and,  ufually, 
Stifisms.       ^  jj^jj  Qj^c  upon  mens  healths,  riio   experience  did  not  fo  often  teach  it, 
I  Ihould  direftly  infer,  from  its  operation  upon  the  dry  and  firm  parts  ef 
animals ;  and  even  in  thofe  caies^  where,  for  want  of  time,  or  other  im- 
pediments, it  cannot  produce  any  fenfible  degree  of  putrefaction. 

The  skins  of  animals  may  eaGly  be  invaded  by  the  moift  particles  of 
the  air,  becaufe  of  the  great  number  of  their  pores  ^    which  may  be  conclu- 
^  ded  from  their  hairinefs,  their  fweat,  or  both.    And  I  lately  oWcrved, 
m,  that  iheep  Vleather  imbibes  the  moifture  of  the  air,  and  increafes  in  weight 
yjgjhpon  it,  as  plentifutly  as  almoft  any  body  I  have  expos'd  to  it. 
^*But  to  ftew,  that  much  clofer  membranes,  and  which  nature  made  to 
be  impervious  tofuch  a  liquor  as  urine,  may  be  affected  by  the  vapours  of  the 
air ;  I  ihall  add,  that  having  purpo&ly  taken  pieces  of  fine,    welUblown 
bladders,  and,  as  far  as  appeared,  of  a  very  clbie  texture,  and  counter- 
poised them  is  a  good  babmce,  I  foupd  they  would  coofiderably  increafe 

their 


their  weight  in  fnoiftj^  and  loie  it  again  in  dry  weather  ^  ib.that  1  might  Statics* 
have  employed  the  moft  membranons  part  of  a  bladder^  to  make  a  (latical         ~ 
bygrofcope. 

And  tho'  bones  are  the  firmeft  and  moft  folid  parts  o£  animals  \  and^  as 
it  were,  the  pillars  by  which  their  fabric  is  fuftainM  ;  yet,  even  thefe  may 
be  pierced,  and  fenObly  affi?£led,  by  the  rndfture  of  the  air.  For^  having 
caufed  the  skeleton  ol  a  human  body,  to  be  fo  fet  together,  that  by  the 
help  only  of  (lender  wires^  aniHciaUy  order'd^  the  natural  motions  which 
the  muicles  make  of  the  bones,  might  be  well  imitated  ^  I  obferved,  that 
tho'  in  dry,  and  fair  weather^  the  flexures  of  the  limbs  might  be  readily 
made  $  yet,  in  very  moift  weather,  the  joints  were  not  eafily  bent;  as  if  the 
parts  were  grown  ftiflf  and  rigid  :  which  £eem'd  to  proceed  £:om  the  moifi 
particles  of  the  air,  which  having  plentifully  intinUated  them{elve%  at  the 
pores,  into  the  bones,  had  every  way  diftended  them,  and  thereby  made  the 
pares  bear  harder  againft  one  another,  at  the  junctures,  or  articulations. 


even 
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ly  diftended  by  aqueous  corpufcles  getting  into  its  pores.  Having  procured 
a  piece  of  found  and  feafon'd  wood,  oiabout  an  inch  in  diameter,  to  be 
turn'd  exa£Uy  cylindrical,  and  alfo  a  ring  of  brafs,  or  ivory,  to  fit  it ;  ib 
that  it  mi^ht,  with  eaie,  be  put  on,  and  taken  off :  we  fet  the  piece  of 
wood  in  fair  water,  and  left  it  to  foak  there  for  feveral  hours ;  at  the 
end  of  which)  it  was  vifibly  fwell'd  :  fo  that  the  ring  which  was  adjufted  to 
it  before,  was  manifefUy  too  little  to  go  again  upon  it  ,*  or,  with  its  ori- 
fice, to  cover  the  whole  bafis  of  the  diftended  cylinder ;  which,  after- 
wards, being  diy'd  in  the  air,  ihrunk  into  a  capacity  fit  to  enter  the  ring 
again.  And,  in  this  experiment,  I  took  notice,  that  the  ^eat  diftenfion 
dt  the  wood,  was  not  produced  all  at  once,  or  fbon  after  it  was  put  into 
the  water,  but  it  fweil'd  by  degrees,  and  lay  ibaking  there  for  feveral 
hours,  before  it  arriv'd  at  its  utmofl  dimenfions ;  the  aqueous  corpuicles 
requiring,  it  feems,  fo  much  time  to  infinuate  then^ves,  fufficiently,  into 
the  wood  :  which  argues^  that  the  internal  parts  werei  hkewife,  afi^ed, 
tho'  when  thefe  came  to  fwdl,  they  had  a  great  thickneis  of  wood  a- 
bout  them,  to  hinder  their  dilataticHi. 

And  to  manifeft,  that  even  in  fummer,  there  are  aqueous  vapours  float- 
ing in  the  air;  within  fome  days  of  Mii^immer,  and  in  dear  fuu-ihiny  wea- 
ther, we  took  a  pint  glafs4>ottte,  and  having  put  into  it  a  convenient  quan- 
tity of  water,  praced  it,  apd  four  ounces  of  t^aten  falHannoniac  in  one  fcafe-, 
of  a  good  balance,  and  a  counterpoise  in  the  other ;  and  then,  putting  the  \ 
ialt  into  the  water,  lobferv'd,  that  tho' for  a  while  the  eqoiilibrium  re- 
main'd,  yet  when  the  frigorific  mixture  had  fufficiently  cool  d  the  outiide 
of  the  bottle,  the  roving  vapours  of  the  air,  that  chanc  d  to  pafs  along  the 
fttrface  of  the  vefTel,  were,  by  the  contaft  of  that  cold  body,  arrefted,  and 
turn'd  into  a  kind  of  dew,  which,  from  time  to  time,  made  the  fcale^  that 
held  the  glafs,  preponderate  more  and  more;and^  at  length,  the  drops  grow-^ 
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Statics,  ing  Utrger,  ran^  in  fmall  rivulets,  down  the  lides  of  the  gUfs.    So  that  in 
^^V^^  lefs  than  afi  hoar»  the  condensed  ftcams  amounted  to  near  a  dram,  which 
^     weight  was,  afterwards,  much  increased  within  about  two  hours  more. 
And  that  the  multitude,  figures,  and  motions  of  thefe  particles,  in  the 
form  of  vapour,  may  enable  them  to  difplay  no  fmall  force  in  their  opera- 
tions on  fome  bodies,  appears  from  the  breaking  of  the  firings  of  mufical 
inflruments,  firft  brought  to  a  flrong  tenfion,  m  rainy  weather.    For  the 
vapours,  which  then  wander  through  the  air,  infinuating  themfelves  into 
thefe  fbines,  diftend  and  fwell  them,  and  thereby  endeavour  to  fhorten 
"  them,  fb  forcibly,  that  they  often  break  with  a  fmart  noife  and  great  vio- 
lence :  and  if  we  confider  now  great  a  weight  fbme  of  the  bigger  firings  of 
bafe-viols,  that  have  been  obferved  to  break  in  moift  weather,  require 
to  fhretch  them  till  they  break  ;  this  eflfedt  of  the  moift  air  will  appear  to 
require  a  very  great  force. 
JinI  itMi  M/M      Befides,  an  ancient  mufician,  and  a  great  organ-maker,  informed  me, 
^H^  •^  "^  that  the  wire-ftrings  of  mufical  inftruments  will,  for  the  moft  part,  be  out 
of  tune  in  wet  weather ;  the  firings  then,  generally,  affording  their  notes 
iharper  than  ufual ;  and  that,  upon  great  changes  of  weather,  feveral 
organs  would  (after  thev  had  been  long  tuned)  grow  out  of  tune,  the 
wooden  pipes  fwell,  and  the  metalline  ones  be  untuned. 

But  if^  bodies  be  of  fuch  a  conftitution,  as  to  affift  the  operation  of  the 
moift  air,  the  penetrancy  and  efficacy  of  it  may  be  ftill  more  confidera- 
ble.  For,  there  are  fbme  kinds  of  thofe  marcafites  that  yield  vitriol,  which, 
wlulft  they  lie  under  ground,  or  are  cover  d  with  the  fea-water,  on 
fliores,  retain  a  ftony  hardnefs,  and  are  often  taken  for  mere  flones  ;  yet 
credible  perfons  have,  cafually,  obferv'd,  that  thefe,  being  expofed  to  the 
air,  would,  in  traftof  time,  be  fo  penetrated  by  the  moift  particles  of  it, 
as  to  fwell  and  burft.  That  this  will  happen  to  fuch  kind  of^  ftones,  by  the 
help  of  rain,  experience  has  perfuaded  me ;  and  that  it  may,  alfo,  happen 
even  to  very  hard  and  ftone-like  marcafites^  when  they  are  merely  expofed 
to  the  air,  I  am  apt  to  think,  from  fome  tryals  of  my  own.  For,  from 
fhining  marcafites,  tho'  kept  but  in  my  chamber-window,  I  have  had  vi- 
triolate  efflorefcencies,  which  feem'd  to  be  produced  by  the  adlion  of  the 
piercing  moifture  of  the  air  upon  the  mineral.  And  I  remember,  that  very 
hard  and  heavy  lumps  of  a  marcafitical  fubftance,  which  leem'd  to  be 
flony,  were  fo  difpoled  to  be  wrought  on  by  the  air,  that  tho'  kept  in  my 
€wn  chamber,  or  other  covered  places,  yet  in  a  (hort  time  were  lio  pene- 
trated by  the  moift  corpufcles  of  the  air,  that  they  burft  into  many  pieces, 
which  fell  from  one  another  ;  and  feveral  of  the  divided  portions  might, 
cafily ,  be  crumbled  betwixt  one's  fingers.  And  of  fome  of  thefe  I  have  ob- 
^.  icrv'd,  that  a  vitriolate  fubftance  was  produced  more  plentifully  in  their 
B-  innermoft  parts,  than  on  or  near  their  outfide.  So  that,  confidering  how 
great  an  external  force  would  have  been  requifite  to  make  fuch  a  commi- 
nution of  minerals  thus  folid  and  hard,  'tis  obvious,  that  the  air's  moifturc 
is  capable,  when  it  meets  with  fitly-difpofed  bodies,  to  exercife  a  far 
gi  eater  force  than  is  ufually  imagind. 

And 
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And  thlDldng  it  probable^  that  ropes  themfelves  would  confiderably  im-  Statics. 
faibe  and  part  with  the  moifhire  of  the  air^  and  that  fo  as  to  Ihrink  in  L^V^V/ 
rainy  weather,  tho*  clo^'d  with  a  weight  faften'd  at  the  lower  end;  I  firft  ^^^-^r*" 
caus  d  a  rope,  that  was  about  twentv  yards  in  length,  but  of  no  great  thick-  "^ 
•nefs,  to  have  one  of  its  ends  faftend  to  an  immoveable  body,  at  a  conve- 
nient height  from  the  ground,  and  a  pully  to  be  fo  faften'd  to  another  ftable 
body,  at  the  diftance  of  eighteen  orjtwenty  yards  from  the  firft,  that  the 
rope,  refting  upon  the  pully,  lay  almoft  horizontally.    But  to  the  end  of 
that  part  of  the  rope,  which,  from  the  pully,  reached  within  two  or  three 
feet  of  the  ground,  was  faften'd,  by  a  ring,  a  leaden  weight  of  fifty  pound. 
To  this  was,  alfo,  fattened  a  light  index,  placed  horizontally,  whofe  end 
.  moved  along  an  ere£bed  board,  which  by  tranfverfe  lines  was  divided  into 
inches  and  parts  of  inches,  reaching  a  confiderable  way  upwards  and  down- 
wards, that  the  index  might,  within  thofe  bounds,  have  room  to  play,  ac- 
cording to  the  alterations  of  the  weather. 

It  being  now  fummer,  we  placed  this  apparatus  in  a  garden,  tho*  part- 
ly under  a  pent-houfe,  that  the  rope  might  be  more  expofed  to  the  air, 
than  it  would  have  been  within  doors;  and  in  two  or  three  days,  the 
weight  had  brought  the  rope  to  the  utmoft  ftretch  that  was  able  to  give  it : 
after  which, .  it  began  manifeftly  to  ihrink  and  lengthen,  according  to  the 
weathen  So  that  once  looking,  over-night,  upon  the  fufpended  weight,  and 
marking  how  low  it  reached  upon  the  divided  board ;  when  I  came  again 
the  next  morning,  a  great  part  of  the  night  having  been  rainy,  I  found  the 
cord  fo  fhrunk,  that  the  weight  was  rais'd  above  five  inches :  yet  the  day 
growing  dry  and  windy,  and  fometimes  warm,  the  weight  had,  at  night, 
ftretched  the  rope  more  than  the  moifture  had  contrafted  it  before. 

Afterwards  having  procured  a  far  greater  weight,  I  fubftituted  it  in  the 
place  of  the  other  j  and  having  fuffer'd  it  to  ftretch  the  rope  as  far  as  it 
could,  I  regifter'd  fome  obfervations  about  it ;  two  whereoi  I  fliall  here  fct 

down. 

June^.  At  half  an  hour  after  nine  at  night,  Ilook'd  upon  the  hundred 
weight  that  hung  at  the  bottom  of  the  rope,  the  weather  being  then  fair  ; 
and  a  mark  being  put  at  that  part  of  the  erefted  board,  where  the  bottom 
of  the  weight  touch'd,  I  perceived  the  sky  a  while  after  to  be  cloudy  and 
overcaft,  but  without  rain :  wherefore  going  to  view  the  weight  again,  I 
found  it  in  an  hour  and  a  quarter  to  have  rifen  a  quarter  of  an  inch,  or  more. 

June  6.  Yefterday  the  weight  was  obferv'd  to  reft  at  the  eleventh  inch 
of  the  erefted  board.  This  morning  about  eight,  I  found  it  rifen  about 
half  a  quarter  of  an  inch  above  the  eighth  ;  the  morning  being  cloudy,  tho* 
the  ground  very  dry  and  dufty.  The  weather  being  overcaft,  within  lefs 
than  an  hour  afterwards,  (fome  fcatter'd  drops  of  rain  then  beginning  to 
fall)  I  found  the  weight  rifen  about  half  an  inch  above  the  eighth  mark  *. 

Hence 


*  Dr.  yi4rlf7y  to  gain  matcriuls  for  an  cx- 


weather,  and  to  fend  in  their  accounts  of 


aQ  meteorological  hiftory,  defircs  the  cu-    itjannually^  to  the  fccrctaricsof  the  Royal 
rious  of  all  parts  to  keep  a  diary  of  the    Society,  where,  being  compared  with  thofe 
Vol.  II.  Ddd  mude 
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(bTics.       Hence  the  force  of  the  air's  moifture  is  not  fmall,  fmcc  it  could  raife  an 
VN,^  hundred  weight,tho'  the  chord  meftfured,  in  difttneter,  but  abtrnt  the  third 
pare  of  an  inch. 


imudc  by  the  order  of  rhai  illu&rioui  bo- 
dy,  the  refulc  may  be  publlfli'd  in  their 
Tranfaaion*.  A»  fucfi  •  work,  for  its 
great  ufefulners,  is  highly  deftrable,  we 
Shall  here  give  the  particular!,  which  the 
DoQor  delires  Oiould  be  principally  in- 
feried  in  fach  a  journal. 

And,  ift,  he  rcijuefti,  that  the  heights  of 
the  barometer,  thermometer,  and  the  ftate 
of  the  hygrofcopc,  be  obfcrt'd,  ai  leaft  once 
every  day ;  fron  what  point  of  the  coro- 
ftk  the  wind  blows,  and  with  what 
force;  the  sppearance  of  the  sky,  and  the 
quantity  of  rain  or  fnow,  that  fell  Gnce 
tnc  preceding  obfervation  was  made. 

J.  Thai  in  cafe  of  a  florm,  itt  begin- 
ning, incroafe,  height,  decline,  and  cdTa- 
tior,  be  accurately  remark'd,  with  the 
prccifc  times  wherein  each  bappen'd,  and 
the  heights  of  the  barometer  corrcfpond- 
Jng  to  thofc  times. 

5.  That  the  common  barometer,  artifi' 
cially  fill'd,  be  made  choice  of,  the  tube 
being  4  or  J  jnch  in  diameter ;  and  the 
veffel  coniaining  the  (lagnant  mercury,  S 
«r  10  limes  wider  than  the  tube. 

4.  If  a  portable  barometer  be  em- 
ploy'd,  the  Dofior  recommends  thefe  of 
(hat  excellent  artift  Mr.U-'uhhei,  'mCrane- 
CeuTt,  FUftfimt  ;  who  alio  (fays  the  Doc- 
tor) makes  moll  exquifite  thermometers. 

5.  If  any  other  thermometer  be  ufcd, 
the  DoQor  deJires  that  its  liiuaiion,  flruc- 
turc,  fcalc,  and  ihc  name  of  the  perfon 
who  mide  it,  may  be  fee  down  in  the  dia- 
ry ;  and  that  this  iuftrumcnt  be  placed  in 
a  room  that  looks  north,  where  a  fire  is 
fcldom  or  never  made. 

6r  TlwL  they  nwy.  he  dw  baun  cen? 


pared  together,  the  DoSor  fitrther  detirett 
that  the  lirfl  column  may  e:ehibit  the  day 
and  hour  of  the  obfervation,  old  llile ; 
that  the  ftcond  may  Ihcw  the  height  of 
the  roereury  in  the  barometer,  in  iocbci 
of  an  £i^f(/bfbot,  and  tbeirdccimal  parts; 
that  the  third  column  may  contain  the  de- 
nec  and  decimal  parts  of  a  degree  of  the 
jpirit  in  the  thermometer;  that  to  the 
fourth  be  aSign'd  the  wind,  with  its  de- 
gree* offeree,  which  may  be  cxpre&'d  by 
the  figures  i,  3,3,4,  ana  o  for  a  perfed 
calm.  That  the  fifth  may  contain  the  ap- 
pearance of  the  heavens,  and  a  fliort  hi- 
ttory  of  the  weather.  That  the  laft  may 
give  the  hei^l  of  the  rain  or  fnow  when 
dilToIv'd,  which  fell  (ince  the  preceding 
obfervation,  in  Enghpi  inches,  and  their 
decimal  pans. 

The  Quantity  of  rain,  this  very  learn- 
ed gentleman  tells  us,  may  be  easily 
computed  by  means  of  a  funnel  two  or 
three  feet  wide,  let  in  a  clofe  narrow- 
mouih'd  vcSel  to  receive  the.waier  falling 
in  an  open  place,  and  a  cylindrical  mea- 
fure  divided  into  inches  and  decimal  parts. 
But  the  diameter  of  the  cylindrical  mea- 
fuic  (hould  be  10  times  iefs  than  that  of 
the  funnel ;  whence  an  inch  height  of 
water  in  the  mcafurc,  will  appear  to  have 
fallen  to  the  height  of  pi- inch  upon  the 
funnel,  and  fo  for  other  decimal  parts  of 
an  inch.  Ar  the  end  of  every  month  and 
year,  the  Dofior  dcHies  may  be  let  down 
the  mean  mcnllrual  and  annual  height  of 
the  barometer  and  thermometer,  as  lite- 
wife  the  funs  of  all  the  heights  of  the  rain 
that  has  fallen  each  month  or  year.     See 
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SECT.    L 


Piece  of  copper-plate,  not  near  fo  thick  as  a  half-crown,  weighing 
twodrams  and  twenty-five  grains,  being  placed,  horizontally,  in  a 
crucible,  whofe  bottom  had  a  little  hole  in  it,  for  the  fumes  to  get 


'•MiStMi  ou^  ^^  '  ^°  ^^^^  '^  could  not  be  remov'd  from  its  pofition,  nor  be  eafily  made 
to  drop  dowrt,  and  loie  its  level,  tho'  the  crucible  were  turn'd  upfide  down  ; 
about  an  ounce  and  half  of  common  fulphur,  was  put  into  a  taller  and 
broader  crucible,  and  that,  wherein  the  copper  ftuck,  inverted  into  the 
orifice  of  it,  that  fo  the fiilphur  being  kindled,  the  flame  might  reach  the 
plate,  and  have  feme  vent  beyond  it,  at  the  hole  above-mention 'd.  The 
brimftone  burn'd  about  two  hours,  in  which  rime  it  feem'd  all  to  have  been 
refolv'd  into  flame  j  no  flowers  of  fulphur  appearing  to  have  fublim'd  in- 
to the  infide  of  the  upper  crucible.  And  tho'  the  copper-plate  were  at  a 
confiderable  diftance  from  the  fired  fulphur,  yet  the  flame  feem'd  to  haie 
aflually  penetrated  it,  and  to  have  made  it  vifiSly  fwell,  and  grow  thicker; 
which  appear'd  to  be  done  by  a  real  acceflion  of  fubilance ;  fince,  after 
we  had  wiped  off  fome  little  adhering  fordef,  and,  with  them,  feveral  pani- 
cles of  copper,  that  ftuck  clofe  to  them,  the  plate  was  found  to  weigh  near 
thirty-two  grains  more  than  at  firftj  and,  conlequently,  had  increas'd 
its  former  weight,  by  above  a  fifth  part. 

2.  Having,  by  refining  one  ounce  of  fterlii^  filver,  with  falt-peter,  re- 
duced it  to  feven  drams,  or  fomewhat  lefs ;  we  took  a  piece  of  it,  that 
■weigh'd  fifty-eight  grains,  and  ordering  it,  as  the  copper-plate,  in  the 
former  experiment.  After  the  flame  of  above  one  ounce  and  a  quarter  of 
fulphuihadjfor  about  an  hour  aod  half,  beac  upon  it,  the  filver  plate  feem'd. 


famf. 
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to  the  eye,  fome what  fwell'd ;  and  the  lower  furface  of  it,  next  the  flamcj  Statics 
was  brought  to  a  great  fmoothnefs  ;  the  weight  being  increased  to  one  V^^StN 
dram,  five  grains,  and  three  quaners  ;  which  acquired  weight,  falling  io 
fliort  of  that  gairi'd  by  the  copper,  the  difterence  may,  perhaps,  be  attri- 
buted to  the  dofenefs,  and  compaftnefe  of  the  filver,  argued  by  its  being 
heavier,  in  fpecicy  than*  copper ;  or  to  the  greater  difpofition  ot  the  pores 
of  copper,  to  be  wrought  on  by  the  fiery  menftruum*^ 

Nor  is  it  ftrangc,  that,  the  partides  of  flame,  which  are  either  of  a  fa- 
Kne,  or  a  piercing  terreftrial  nature,  being  wedg'd  into  the  pores,  or 
being  brought  to  adhere,  very  faft,  to  the  little  parts  of  the  bodies,  exr- 
pofedto  their  aflion,  the  addition  of- fo  many  little  particles,  that*  want 
not  gravity,  fliould,  becaufe  of  their  multitude,  be  .confiderable*  upon  ic 
balance;  tho*^  a  few  of  them  would  have  no  vifibleeffeft. 

3.  Into  a  very  fliallow  crucible,  we  put  one  ounce  of  copper-plates,  that  fin m^ 
and  fet  it  in  a  €upelling furnace,  where  Was  kept  for  two  hours;  and.^**^*'^ 
then  being  taken  out^  we  weigh'd  the  copper,,  whick  had  not  been  melt- 
ed, (having  firft  blown  off  all  the  aflies)  and  found  it  had  gained  thirty 
grains. 

4.  We  took  an  ounce  of  copper. filings,  and  putting  them  upon  a  veryi^ 
Ihailow  crucible,  and  under  a  muffler,  we  kept  them  there  for  abour 
three  hours  ;  and  afterwards  taking  them  oft,  we  found  them  of  a  very 
dark  colour  ;  not  melted,  but  caked  together,  in  one  lump ;  and  increased 
in  weight,  the  aihes.  and  duft  being  blown  oft^  no  lefs  than  4P  grains  r 
part  of  which  increafe,.  above  that  obtained  by  the  copper  plates,  raay^. 
probably,  be  due  to  tfa^s  longer  time  that^  in  this  experiment,  the  filings- 
were  kept  in  the  fire, 

5.  We  weighed  out  one  ounce  of  fmall  lumps  of  hartihom,.  that  had  been 
bum'd  till  they  appearM  white ;  and  having  put  them,  into  a  crucible,  and 
kept  them  in  a  cupelling  furnace,  for  two  hours,,  we  found,  when  they  were 
taken  out,  that  they  had  loft  fix  or  feven  grains  of  their  former  weight ;  per- 
haps, becaufe  the  internal  parts  of  fome  or  them,  might  not  be  exquifitely  cal-* 
cined,  but  retained  fome  oleaginous,  or  other  volatile  fubftance  ^  or  becaufe^ 
having  omitted  to  bum  them  well,  before,  they  were  weigh'd,  they  might,  fince 
their  nrft  calcination,  have  imbibed  fome  moift  particles  of  the  air  :  for  ha- 
ying kept  thfetn  awhile  in  the  fcale,  wherein  they  were  wci^hM,  they  did, 
.within  two  or  three  hours,  make  it  preponderate.  At  the.  iame  time  with 
this  hartihcm,  we,  alfo,  p.ut  in  one  ounce  of  well-heated  brick,  and  kept 
that,  likewife,  in  the  furnace,  for  above  two  hours  >  at  the  endof  which^ 


*  Mb  Mufcbifibroeciy,  counterpoizing  a 
prifm  of  iron,  that  weigVd  three  pound, 
in  fcales  which  would  turn  with  •^^  grain, 
afterwards  heated  the  prifm  red  hot; 
when  examining  it  again,  by  the  ikme  ba- 
lance, he  ftill  found  it  exaCUy  three  pound: 
whence  he  juftly  condiudeai  that  u  &ad 


gain'd.in>.wejgbt  from  the  fira  Fori  th^: 
experiment  being  made  in  the  open  air, 
and  th€S  metal  being  expanded  by  heaf, 
'tis  pbin,  that  the  ipecinc  gravity  of  the 
heated  metal,  was  dccreas  d  by  the  eci> 
panficm,  fb  as  to  be  theni  lijghter,.  .wttk 
reipeftto  tbeakf .  P^Sf^/nA^tili^p^rS^isi. 


JireigKr 
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ca.  veighing  it,  whilft  it  continued  hot,  we  did  not  find  it  to  bare  either  fen- 
\^  ^ly  got  or  loft  ;  bat,  feme  time  after,  it  fcem'd,  upon  the  balance,  to  hav* 
imbibed  a  little  moifture  from  the  air. 

6.  Upon  a  good  cupel,  wc  put  an  ounce  of  Englifl)  t^n,  of  the  better 
fore ;  and  having  placed  it  in  the  furnace,  under  a  muifler,  the'  it  pre- 
fently  melted,  yet  it  did  not  forfake  its  place,  but  remain  upon  the  con- 
cave furfacc  of  the  cupel,  till,  at  the  end  of  al>out  two  hours,  it  appcar'd 
to  have  been  well-calcin'd  ;  and  then  being  taken  out,  and  weigh'd  by  ir- 
fclf,  the  ounce  of  metal  was  found  to  have  gain'd  no  lefs  than  one 
dram. 

7.  An  ounce  of  lead  was  put  upon  a  cupel,  made  of  calcined  hartfliom, 
■and  placed  under  a  muifler,  after  the  cupel  was  firft  made  hot,  and  then 
weigh'd.  This  lead  did  not  enter  the  cupel,  but  was  turn'd  into  a  kind  of 
litharge  on  the  top  of  it,  and  broke  the  cupel,  whereby  fome  part  of  the 
laner  was  loft  in  the  furnace  j  yet  the  reft,  ttM^ether  with  the  litharge 
waigh'd  feven  grains  more  than  the  lead  and  heated  cupel,  when  they 
were  put  in. 

8.  We  took  a  cupel  about  two  ounces  in  weight,  made  of  ten  parts  of 
bone-alhes,  and  one  of  charcoal-afhcs,  mix'd  together  with  ale.  This 
was,  by  it  felf,  put  in  a  cupelling  furnace,  under  a  muffler ;  and  when 
'twas  throughly  and  highly  heated,  we  weigh'd  it  in  that  ftate.  This 
done,  'twas  immediately  again  plac'd  under  the  muffler,  and  kept  there 
for  about  two  hours ;  at  the  end  of  which  time,  'twas  taken  out,  red- 
hot,  and  prefently  put  into  the  feme  balance,  as  before  ;  where,  having 
blown  oif  the  adhering  aOies,  I  found  that,  tho'  when  'twas  firft  taken  from 
under  the  muffler,  we  had  bur  two  ounces,  and  two  grains,  yet  now,  the 
weight  beii^  put  into  the  oppofite  fcaie,  it  gain'd,  very  near  21  grains. 
And  here  nore,  that  'twas  not  without  fome  caufe,  that  I  weigh  d  the 
cnpd  red-bot:  forlhada  fufpicion,  that  nocwithftaniUr^the  drynris  of  the 
!bcae,it  might  receive  fooielitdealteracicD  of  weight:,  by  imbibing  tfaem^ 
panicles waiKkring  in  the  air;  and  accordm^y,  kaimg  the  cnpd  coun- 
terpMs'd,  to  cool  in  the  balance,  ia  a  fbort  time,  ic  began  fenlibly  to  prs- 
poaderate ;  and  fuiferii^  it  to  continue  there,  for  nine  t»  ten  hour$>  Ifcund 
It  about  three  grains  heavier  than  before. 

9.  Steel  bmog^a  metal  that,  as  experience  informed  me,  will,  very-  eafily, 
be  wrought  00  by  fluids  of  a  faime  nature,  'twas  reafonable  to  expe^, 
thai  flame  would  bare  a  greater  operation  on  ir,  efpcciaUy  if  ir  were,  be- 
fenrhftnii,  reduced  to  imaU  parts,  than  on  any  of  thcbodies-hitherto  de- 
fctibed.  And,  accordingly,  four  drams  of  the  filings  dF  fteel,  being  kept 
two  hours  on  a  cupel,  uoa«r  a  mti^r«  acquiredone  dtam,.  fix  grains  and 
a.qwvieri  increaft  of  weight, 

j(Q.  A  piece  of  refiped  filverj  being  put  i^toa  a.  cu)»l  uodfir  auDufflec, 
«Ki  k^  thue  for.  an  hour  and  a  aatfj  was  takes,  oat^  and  we^'d 
ttgftin  ;  and  as  before  it  wei^M'thiec^  dnunSj,  clinrtj'^'nro-  grahn,  and;  a 
iqthiiter,  it  now  weigh'd  in  .tte  Amc  fbtes,  three  drams,  thirty-four 
grains,  and  a  half. 

Wc 
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We  repeftt«d  the  experiment  with  half  an  ounce  oF  the  iiilngs  6^  liltrer,  StAttdi. 
wcU  refin'd  with  lead,  m  our  own  laboratory,  atitl  kept  them  ^ut  thret  V 
hours  upon  the  capei ;  when  taking  them  out,  we  (bund  them  of  a  \t(a 
plea&nt  colour,  than  before,  and  melted  into  a  lump,  whidi  Weigh'd  foul: 
drams,  fix  grains. 

11.  We  took  a  dram  of  the  filings  of  rink,  or  fpelter,  and,  haWng  jbltt 
It  upon  a  aipel,  under  a  muffler,  we  kept  it  there,  in  a  cupelling;  fird^ 
for  about  three  hours  ;  then  taking  it  off.  We  found  it  to  be  ealbed  mto  a 
brittle  dark-colour'd  lump,  which  look'd  as  if  the  filings  had  beeft  cal- 
cined.   This  being  weigh  d  in  the  &me  fcales,  gain'd  full  fit  grains. 

12.  Among  our  various  trials,  upon  common  metals,  we  thought  lit  td 
make  one  or  two  upon  a  metal  brought  us  from  the  Eaft-^lndlesy  and  there 
called  Tuttnag.  Two  drams  of  the  filings  of  tutenag,  being  j>ut  Upon  i 
cupel,  and  kept  under  the  muffler  for  about  two  hours,  the  filings  were 
not  melted  into  a  lump  of  metal ;  but  looked  as  if  pOWderM  ceTufe  and  mi- 
nium had  been  mix'd  together;  fomeof  the  parts  apoearihg  diftinftly  White^ 
and  others  red ;  the  calx  being  put  into  the  balance,  appeared  to  have 
gain'd  28 1  grains.  Another  time,  the  experiment  being  repeated.  With 
the  like  circumftances,  we  found  that  two  drams  of  filed  tutenag,  gav(f 
almoft  the  like  increafe  of  weight.  So  that  this  Indian  metal,  ftems  f6 
have  acquired  more  in  the  fire,  in  proportion  to  its  weight,  than  afly  we 
have  hitherto  made  trial  of. 

1  J.  To  confirm,  by  a  dear  experiment,  that  in  all  cupellations,  the  lead^ 
then  employed,  does  not,  together  with  the  bafcr  metalS,  to  be  purg'd  orf. 
from  the  filver,  or  gold,  fly  away  in  fmoke ;  we  took  two  ounce*  of  good 
lead,  and  one  dram  of  filings  of  copper  ;  and  having  caus'd  a  cupel  to  be 
ignited,  and  fuddenly  taken  out  c*  the  furnace^  and  weighed,  whilft  *twa$ 
very  hot,  we  prefcntly  put  it  back,  together  with  the  two  metals  laid  on 
Jt,  into  the  furnace  :  where,  having  been  kept  for  about  two  hours,  it 
was  taken  out  again,  and  found  to  have  nothing  on  the  ftnjace  of  it,  worths 
weighing  diftinffiy,  in  the  fcales,  wherem  the  cupel,  with,  what  Was  funk 
into  it,  amounted  to  four  ounces,  three  drams,  and  eleven  «f  ains  v  Which 
wanted  but  nine  grains  of  the  whole  weight  of  the  CUpet,  and  the  two  md* 
tals,  when  they  were,  aH  three  to^ethfr,  committed  to?  the  foe.  So  that 
tho'  we  make  a  liberal  allowance  for  the  increafe  of  weight,,  that  may,  with 
any  probability,  be  fuppoled  to  have  been  attained  By  the  oftpd,  and. 
what  was  put  upon  it,  yet  it  will  eafily  be  granted,  that  mudithe  greater 
part  of  the  metals,  was  not  driven  otf  in  fumes,  but  ente/d  into  the  ftrti— 
ftancc  of  the  cupel. 

After  having  ihewn,  that  either  flame,  or  the  anat(^tf$^>efflutia  of  the- 
fire,  will  be  incorporated  with  metals,  and  mineral,  expofed  naked  to 
its  action,  I  thoudit  proper  to  try  whether  this  flame,  or  imeous  fluid,, 
were  fubtile  enough  to  exercife  any  fuch  operation  upon  tht^  fike  bodies^^ 
ihelter'd  from  its  immediate  oxxiuOty    bj[  being  included  in  clofe  vef» 
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STAiifcs*  14.  We  took  an  ounce  of  new  filings  of  fteel,  and  having  included 
J^^ipKJ  than  betwixt  two  luted  crucibles,  kept  them,  for  two  hours,  in  a  ftrong 
SfTitJ  »orjii-  fire, -.and  fuffer'd  them  to  continue  there  till  the  fire  went  out ;  thecruci- 
tdiatti/ixpo-  bles  being  unluted,  the  filings  appeared  hard  caked  together,  had  acqui- 
i  to  tt.  y^^  a  dark  colour,  fomewhat  between  black  and  blue,  and  were  increafed 
iivc  grains  in  weight.     At  another  time,  an  ounce  of  filings  offteel,  being 

Eut  between  two  crucibles,  in  the  fame  manner,   after  they  had  been 
ept  about  an  hour  and  half,  in  the  Hre,  were  taken  out,  and  fi>und  to 
have  gain'd  fix  grains  in  weight, 

1 5 .  We  put  two  ounces  of  copper-plates  into  a  new  crucible,  over  which 
a  leffer  was  whelm'd,  and  luted  the  junctures ;  after  the  fame  man- 
ner, two  ounces  of  tin  were  included  betwixt  crucibles  ;  and  alfo,  two 
ounces  of  lead :  and  all  thefe,  being  put  into  the  cupelling  furnace,  were 
kept  in  a  flrong  fire,  for  about  an  hour  and  a  half)  and  then  being  taken 
out,  the  copper-plates,  tho'  they  fluck  together,  were  not  quite  melted  ; 
and  feem'd,  fome  of  them,  to  have  acquired  fcales,  like  copper  put  into  a 
naked  fire ;  and  the  two  ounces  had  gain'd  eight  grains  in  weight.  The 
lead  had  broke  thro*  the  bottom  of  the  crucible,  and  thereby  hinder'd  the 
defign'd  obfervation.  The  tin  acquired  fix  grains  in  weight,  and  was,  in 
part,  brought  to  a  pure  white  calx  ;  but  much  more  of  it  was  melted  in- 
to a  lump,  of  a  fine  yellow  colour,  almoft  like  gold,  but  deeper. 

i5.  We  took  one  ounce  of  very  thin  copper-plates,  andputtmg  them  be- 
twixt two  luted  crucibles,  we  kept  th^m  in  the  cupelling  mmace  for  about 
•three  hours ;  and  then  disjoining  the  veflels,  we  found  the  metal  co- 
vered with  a  dark  and  brittle  fubftance ;  which,  when  fcaled  ofl^  difclo- 
fcd  a  finely  coloured  metal,  that,  together  with  thefe  burnt  fcales,  a- 
mounted  to  twenty-one  grains  above  the  weight  fii^ft  put  in. 

17.  We  took  a  piece  of  fine  block-tin,  in  weight  half  a  pound  ;  this  we 
put  into  a  choice  glafs-retort,  and  kept  it  for  two  days  in  a  fand  furnace  ; 
which  ga\'e  heat  enough  to  keep  the  metal  in  fufion,  without  cracking  the 
glafs  :  then  taking  out  the  mixture,  we  carefully  weighM  it  in  the  fame 
fcales,  and  found  the  fuperficies  a  little  altered,  as  if  it  were  difpofed  to 
calcination  ,•  and- the  weight  to  be  increased  about  two  grains. 
[nd  al[o  Mfter  I  S.Wc  farther  try'd  how  much  fome  bodies  would  increafc  in  weight, by  the 
biyhave  been  fij-e,  whcn  they  had  already  been  expofed  to  the  vehemence  of  it.  One  ounce 
of  calx  of  tin,  made /^^y^,  being  put  in  a  new  cupel,  and  kept  under  the 
muffler  for  about  two  hours,  was  taken  out  hot,  and  put  into  the  Icales, 
where  the  powder  appear^  to  have  gain'd  in  weight,  one  dram,  thirty- 
five  grains,  by  the  operation  of  the  fire  ,'  which  made  it  alfo  look  much 
whiter  than  it  did  before. 

19.  Out  of  a  parcel  of  filings  of  fleel,  that  had  been  before  expofed  to 
the  fire,  and  had  confiderably  increased  its  weight  thereby  ;  we  took  an 
ounce,  and  having  expofed  them  at  the  fame  time  with  the  calx  of  tin,  and 
for  tlie  fame  time  kept  them  in  the  fire,  we  took  them  out  at  the  two 
hours  end,  and  found  the  weight  to  be  increafed,  two  drams,  twenty-two 
[rains.  The  filings  were  very  hard  caked  together,  and  the  lump  being 
>roken,  looked  ahnoft  like  iron.  20.  An 
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20.  An  ounce  and  four  drams  of  copper,  which  had  endured  a  violent  Statics. 
fire  for  an  hour  and  half,  being  included  betwixt  two  crucibles,  and  ex- 
pofed  to  a  ftrong  fire  for  two  hours,  and  fuffer*d  to  continue  there  till 
the  fire  went  out,  appeared,  thereby,  to  have  gained  ten  grains  in  weight, 
and  to  have,  upon  the  fuperficial  parts  of  the  plates,  feveral  dark-coloured 
flakes ;  fome  of  which  ftuck  to  the  metal  ,•  but  more,  upon  handling  it, 
fell  oft 

21.  We  took  eight  ounces  of  block-tin,  which,  being  cut  into  bits,  was 
put  into  a  good  round  vial,  with  a  long  neck  j  and  then  warily  held  over 
quick-coals,  without  touchin^j  them,  till  it  was  melted  ;  after  which,  it  was 
kept  almoft  continually  (baking,  to  promote  the  calcination,  for  near  an 
hour  ;  the  metal  being  all  the  while  in  fufion,  and  the  glafs  kept  at  fome 
diftance  from  the  coals.  For  the  greateft  part  of  this  time,  the  orifice  of  the 
vial  wascoverM  with  a  cap  of  paper,  to  keep  the  air,  and  fteams  of  the 
coals,  from  getting  into  the  neck  :  the  vial,  being  afterwards  removed  from 
the  fire,  was  broken,  and  the  metalline  lump  had  a  little  darkifh  calx,  here 
and  there,  upon  the  upper  furface  ;  but  much  more  beneath,  where  it  had 
been  contiguous  to  the  bottom  of  the  glafs.  Then  putting  all  this,  (care- 
fully freed  Irom  little  fragments  of  broken  glafs)  into  the  fame  balance,  with 
the  fame  coimterpoife  I  had  ufed  before,  I  found  an  increafc  of  weight, 
amounting  to  eighteen  grains,  which  the  tin  had  acquired  by  this  ope- 
ration. 

22.  We  then  feparated  the  calx ;  and  having  melted  the  metal  in  a  cru- 
cible, that,  by  pouring  it  out,  it  mi^ht  be  reduced  into  thin  plates,  capable 
of  being  'Cut  in  pieces,  and  put  mto  fuch  another  vial  as  the  former, 
we  weighed  it  again,  together  with  -  the  refervM  calx,  but  found, 
that  notwithftandine  all  our  care,  we  had  loft  three  grains  of  the 
eighteen  ^ain'd  before.  This  done,  we  put  the  metal  into  another 
vial ;  which  ha^ng  a  ftopple  of  paper ,  to  keep  out  fmoke  and  air, 
\)vas  held  at  fome  diftance  irom  the  coals,  only  whilft  the  tin  was  melt- 
ing; being  afterwards  warily  laid  upon  them,  and  kept  therefor  two  hours; 
at  the  end  of  which,  'twas  again  taken  0%  and  the  metal  weighed  with  the 
fame  counterpoife,  and  balance,  as  before ;  and  then  it  amounted  to  eight 
ounces,  twenty-four  grains;  and  had  much  more  fep&rable  calx,  than 
at  the  lirft  time. 

ISvr  did  I  much  wonder,  that  the  weight  fliould  be  increasM,  in  this 
laft  operation,  but  nine  grains,  in  two  hours  ;  and,  in  the  former  twice 
as  many,  in  half  the  time  ;  fince,  during  the  two  hours  the  glafs  was 
kept  in  one  pofture :  but,  in  the  firft:  operation,  it  was,  almoft,  perpetually 
fliaken,  during  the  time  Was  kept  in  fiifion  ;  for  'tis  obferv'd,  that  the 
agitation  of  melted  minerals,  will  much  promote  theeffeft  of  the  fire  upon 
them,  and  conduce  to  their  calcination. 

23.  But,  to  prevent  altfufpicionof  any  increafc  of  weight,  in  the  me- 
tal, arifing  from  fmoke,  or  faline  panicles,  getting  in  at  the  mouth  of  the 
veffel,  I  made  the  experiment  in  glaffes,  hermetically  feal'd,  as  follows. 
Eieht  ounces  of  good  tin,  carefully  weigh'd,  we  hermetically  fcal'd  up  in 
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nc5.  a  new  frr-all  retort,  with  a  long  neck,  by  wliich  'twas  held  in  the  hand  near 
a  chaicoal  file,  that  kept  the  mcial  in  fnfion  ;  being  now  and  then  ihaken 
for  almolt  half  an  hour;  in  which  time,  itfccm'd  to  have  acquir'd,  on  the 
lurface,  iLich  a  dark  colour,  as  argued  a  beginning  calcination  ;  and  it 
both  emitted  fumes  that  plaj'd  up  and  down,  and,  alfo,  afforded  two  or 
three  drops  of  liquor,  in  the  neck  of  the  retort.  The  glafs  was,  at  length, 
laid  on  quick-coals,  where  the  metal  continued  above  a  quarter  of^an 
hour  longer  in  fufion;  but,  before  the  time  was  come,  that  I  intended,  to 
fiifier  it  to  coc!,  in  order  to  its  removal,  it  fuddenly  broke,  into  a  great 
multitude  of  pieces,  and  with  a  noife,  like  the  report  of  a  gun.  In  die 
neck  we  found  feme  drops  of  a  yellowilh  liquor,  which  had  an  odious  and 
peculiar  tafte;  its  finell  alfo,  was  very  fetid,  not  unlike  the  diftill'd  oil  of 
dfb. 

24.  Some  tin,  which  had  been,  before,  partly  calcined  in  a  glafs,  being 
melted  again  in  a  crucible,  we  weigh'd  out  j'uft  eight  ounces,  and  thele 
we  put  into  a  bolt-head  of  wliire  glafs,  with  a  neck  above  twenty 
inches  long,  which  being  hermetically  fealed,  after  the  glafs  had  been  a 
while  kept  over  the  fire  left  it  fhould  break  by  the  rarifactioo  of  the  air, 
the  metal  was  kept  in  fulion  for  an  hour  and  a  quarter.  Being  unwil- 
ling to  venture  the  clafs  any  longer,  it  was  taken  from  the  fire,  and  when 
grown  cold,  the  feal'd  end  was  broken  off;  but  before  I  could  have  the 
bottom  cutout,  I  obferv'd,  that  the  upper  furface  of  the  metal  was  very 
darkly  colour'd,  and  very  irregularly  rough ;  and  the  lower  part  had,  be- 
tween the  bottom,  and  the  under  fide  oi  the  Uimp,  a  pretty  deal  of  loofe 
dark -colour'd  calx,  tho'  the  neighbouring  furGace,  and  fome  places  of  the 
lumpitfclf,  look'd,  by  candle-light,  of  a  golden  colour.  The  lump,  and 
calx  together,  were  weigh'd  in  the  fame  fcales  carefully,  when  we  found 
the  weight  to  have  ircreas'd  above  twenty-three  grains  ;  tho'  all  the  calx 
we  could  eafily  feparate,  being  weigh'd  by  it  felf,  amounted  not  to  eighty 
grains. 

2^.  Two  ounces  of  filings  of  tin,  were  carefully  weigh'd,  and  put  into 
a  little  retort,  whofe  neck  was  afterwards  drawn  flender  to  a  very  fniall 
apex  ;  then  the  glafs  was  placed  on  kindled  coals,  which  drove  ouc  fumes 
at  the  fmall  orifice  c£  the  neck,  for  a  pretty  while.  Afterwards,  the 
glafs,  being  fealed  up  at  the  apex,  was  kept  in  the  fire  for  above  two 
hours  ;  and  then  beii^  taken  off,  was  broken  at  the  fame  apex  :  whereupon 
I  heard  the  external  air  ruih  in ,  becaufe,  when  the  retort  was  fealed,  the 
air,  within  it,  was  highly  rarified.  Then  the  body  of  the  glafs  being  bro- 
ken, the  tin  was  taken  out,  confining  of  a  lump,  about  which  there  ap- 
pear'd  Ibme  grey  calx,  and  fome  very  Itnall  globules,  which  feem'd  to  have 
peen-filings  melted  into  that  form.  The  whole  weigh'd  two  ounces,  and 
twelve  grains.  In  the  neck  of  the  retort,  where  it  was  join'd  to  the  body, 
there  appear'd  a  yellowifli,  and  clammy  fubftance,  thinly  fpread,  which 
ibielt  aJmofi  like  the  fetid  oil  of  tanar. 

z6.  We  took  an  ounce  of  the  filings  of  zink,  carefully  weigh'd ;  and 
having,  as cuefuUy,  puc them  ioco a lound  bolt'glafs,  we  causa  the  neck 
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to  be  drawn  out  very  flender,  and  then  orderU  it  to  be  fet  upon  quick-  Statics. 
coals,  where,  being  kept  for  four  hours,  there  appeared,  for  great  part  of  v,  ~ 
the  time,  fmoke  t6  afcend  from  the  zink,  and  get  out  at  the  unftopp'd 
apex.  And  I  obferv'd,  that  the  upper  part  of  the  glafs  was  lined  with  a 
darkilh  grey  fublimate.  The  glafs  being  dexteroufly  cut  afunder,  we  took 
out,  not  only  the  filings  of  zink,  £bme  of  which  were  melted  into  little 
globules,  but  the  fibres  too  ;  yet,  weighing  all  thefe  in  the  fame  fcales  we 
had  ufed  before,  we  found  above  five  grains  wanting  of  an  ounce. 

27.  Having  carefully  weighed  out  four  ounces  of  good  lead,  cut  into 
little  pieces,  I  put  them  into  a  fmall  retort  with  a  long  neck,  wherein  was, 
afterwards,  left  only  an  orifice,  not  much  bigger  than  a  pin's-head  ,•  this 
glafs  was  kept  over,  and  upon  the  coals,  for  above  two  hours;  and  then, 
luppofing  the  danger  of  the  glafs's  breaking  to  be  over,  we  feal'd  it  up  at 
the  little  orifice,  and  kept  it  on  the  coals  for  two  hours  longer.  Before  we 
broke  the  glafs,  I  perceived  the  pieces  of  lead  to  have  been  melted  into  a 
lump,  whofefurface  was  dark  and  rugged,  and  part  of  the  metal  to  have 
been  tumM  into  a  dark-colourM  powder,  or  calx.  All  this  being  taken 
out  of  the  retort,  was  weigh'd  in  the  fame  balance,  whereon  the  lead  ap- 
pearM  to  have  gain'd,  by  the  operation,  fomewhat  above  thirteen  grains. 

28.  To  fhew  that  metals  are  not  the  only  bodies  capable  of  receiving  an 
increafe  of  weight  from  the  fire,w^  feafd  up  two  drams  of  little  bits  of  good 
red  coral,  hersQeticaUy,  in  a  thin  bubble  oi  glafs,  and  kq>t  them  warily,  at 
feveral  times,'  over  and  upon  kindled  coals  ;  and,  at  length,  being  taken 
out,  found  them  of  a  v^  dark  colour,  and  to  have  gained,  in  weighty 
about  3  V  grains. 

ip.  And  having  taken  very,  flrong  frefli  quick-lime,  provided  on  pur- 
pofe  for  choice  experiments,  and  expofed  it,  before  the  air  had  time  to 
flake  it,  upoh  the  cupel^  Co  a  flrong  fure^  where  it  was  kept  for  two  hours ; 
I  found  tl^t  it  had  infireafeid,  in  weight,  beyond  my  expeAatipn.:  for,  be- 
ing feafbnably  put  into  the  balance,  the  lumps  that  weighM,  when  ex- 
pofed, but  two  drams,  amounted  to  two  drams  and  twenty-nine  grains. 
Hence  it  appears,  that,  notwithftanding  a  body  may,  for  many  hours,  or 
even  for  fome  da jrs,  be  expofed  to  a  very  violent  fire ;  yet  it  may  be  fUU 
capable  of  admitting,  and  retaining  frefn  corpufdes :  fo  that»  tho'  well- 
made  lime  be  ufually  obferv'd  to  be  much  lighter  than  the  ftones  where- 
of 'tis  made;  yet  the  iightnefs  does  not  neceffarily  prove^  that,  be- 
caufe  a  burnt  lime-flone  has  lofl  much  of  its  matter  by  the  fire,  it  has» 
therefore,  acquired  no  matter  from  the  fire  ;  but  only  infers,  that  it  has 
loft  far  more  than  it  has  got.  And  this  may  give  ground  to  fuipef);,  that, 
in  moft  of  the  foregoing  trials,  the  aocefs  or  the  fiery  particles  was  greater 
than  the  balance  difcoverM  ;  fince,  for  ought  we  know,  many  of .  the  lefs 
fix'd  particles  of  the  expofed  body,  might  be  driven  away,  by'  the  vehe- 
mence of  the  heat,  and,  confequently,  the  fiery  corpufcles  that  ffiflen'd 
themfelves  to  the  remaining  matter,  might  be  numerous  enough,  not  only 
to  give  the  additional  weight,  found  by  the  fcales ;  but  to  maks  amends 
for  all  the  fogitivc  particles  that  had  been  expell'd  by  the  fire.    And,  fince 
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.TICS,  fo  fix'd  a  body  as  quick-lime,  is  capable  of  being  wrought  apon  by  the 
ir^>  fiery  effluvia  ;  fo  that  they  come  to  be,  as  'twere,  incorporated  with  it ; 
perhaps,  in  other  calclii'd  or  incinerated  bodies,  the  remaining  calces  or 
afhes  may  retain  more  than  the  bare  impreffion  of  the  fire.  By  this  expe- 
riment, and  thofe  made  in  feal'd  retorts,  which  fliew,  that  what  is  aftbrd- 
ed  by  fire,  may,  in  a  corporeal  way,  invade,  adhere,  and  add  weight  even 
to  fix'd  and  ponderous  bodies;  there  is  a  large  field  open'd,  for  thefpc- 
culative  Co  apply  the  difcovcry  to  many  phenomena  ot  nature  and  chy- 
niiftr}-. 

SECT.    II. 

h™w  ripO  obviate  fome  fcruples,  that  might  be  eiitcrtain'd  upon  tliisdrcum- 

fjH^.      A,    fiance  of  our  experiments,  that  the  glall'es  employ 'd  about  them 

were  not  expoled  to  the  aftion  of  mere  flame,  but  held  upon  charcoal; 

I  attempted  to  make  them  fucceed  with  a  body  fo  thin,  and  difengaged 

from  grofs  matter,  as  mere  flame  is  allow 'd  to  be. 

I.  Suppofing,  then, that  good  common  fulphur,  by  reafon  of  its  great  in- 
flammability, and  the  vehemency  and  penetrancy  of  its  flame,  would  be  a 
very  fit  fewel  for  my  purpofe ;  I  provided  a  fmall  double  vefl'el,  fo  contriv'd, 
that  the  one  part  Ihould  contain  as  many  coals  as  were  necefl'ary  to  keep 
the  fulphur  melted ;  and  the  other,  which  was  much  fmaller,  and  Oiaped 
like  a  pan,  fliould  contain  the  brimftone  rcquifite  for  our  tryal;  and  that 
thefe  two  fliould  be,  with  a  convenient  lute,  fo  join'd  to  one  another,  that 
all  being  clofed  at  the  top,  except  the  orifice  of  the  little  pan,  the  fire  and 
fmoke  of  the  coals  having  their  vent  another  way,  no  fire  fliould  come  at 
the  retort  to  be  employ 'd,  but  the  flame  of  the  burning  brimftone.  Then 
two  ounces  of  filings  of  tin  being  carefully  weigh'd  out,  and  put  into  a 
glflfs  retorr>  provided  for  fuch  trials,  and  made  fit  to  be  eafily  feal  d  up  at  the 
neck;  the  fulphur,  which  ought  to  be  of  the  purer  fort,  was  kindled,  and 
'  the  glafs,  by  degrees,  exposed  to  it ;  where  that  continued  near  two  hours 
before  the  metal  melted :  after  which,  the  retort  was  there  kept  on  near  an 
hour  and  a  half  more,  with  the  metal  melted  in  ic ;  then  percriving  a  pretty 
deal  of  darkifh  calx  at  the  bottom,  and  partly,  too,  upon  the  furface  of  the 
frr  greater  portion  of  the  metal,  which  now  lay  in  one  lump ;  the  part  of  the 
retort  which  had  been  feal'd,  being  broken  off,  we  firft  took  out  the  calx, 
and  next  the  lump,  and  putting  them  into  the  fcales,  they  had  been  for- 
merly weigh'd  in,  we  found  them  to  hare  acquired  {oar  grains  and  a  half. 
The  experiment  was  afterwards  repeated  with  the  fame  quantity  of  filings 
of  the  fame  metal,  and  at  the  end  of  the  operation,  which  in  ail  lafted 
fomewhat  above  three  hours,  having  broken  oS  the  feal'd  neck  of  the  re- 
tort, we  found  that  a  lai^e  proponion  of  dark-colour'd  calx  had  been 
produced:  and  this  being  weigh'd  with  the  uncalcin'dpartof  the  metai,  the 
two  ounces,  we  firfl  put  in,  appear'd  to  have  acquir'd  no  lefs  than  eleven 
«nda  half. 

Sudi 
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Such  fupcrftruftures  may,  pof&bly,  in  time,  be  built  on  thi^^  and  the  Statics* 
like  experiments,  that  I  mall  here  obviate  even  a  fcruple,  which  ap- 
pears  too  fceptical.  But,  confidering  that  tho'it  were  vcrj'  improba- 
ole,  yet  pofCble,  that  the  increafe  of  weight  acquired  by  bodies  expofed 
in  glafs  veflels  to  the  fire,  might  proceed  not  from  the  corpufcles  ol  fire, 
but  from  the  particles  of  the  glafs  itfelf,  loofenM  by  the  power  of  fo  in- 
tenfe  an  heat,  and  forcibly  driven  into  the  inclofed  body ;  I  took  two 
glaffes,  the  one  fliaped  into  a  little  retort,  and  having  weighM  them, 
kept  them  for  a  confiderable  time  upon  kindled  coals,  and  then  weighed 
them  again,  I  could  gather  little  of  certainty  from  the  experiment; 
(the  retort  at  one  time  feeming  to  have  acquired  above  half  a  grain  in  the 
fire)  only  that  there  was  no  likelihood  at  all,  fo  confiderable  an  in* 
creafe  of  weight,  as  we  feveral  times  obtained  in  clofed  veflels,  ihould  pro- 
ceed from  the  elafs  itfelf,  and  not  from  the  fire. 

2.  We  carefolly  weighM  out  an  ounce  of  the  filings  of  block-tin,  and  put 
them  into  a  glafs  retort,  whofe  neck  was  afterwards  drawn  out  flender ; 
we  alfo  provided  fuch  a  convenient  metalline  lamp,  that  the  flame  of  the 
fpirit  burnt  in  it,  might  not  melt  or  crack  the  glafs.  This  lamp,  tho  ftu:- 
nifli'd  with  a  cotton  wieck,  aflforded  no  foot ;  becaufe,  as  long  as  it  was 
well  fupplied  with  liquor,  it  remained  unbumt.  Thefe  things  being  in 
readinefs,  the  retort  was  warily  approach'd  to  the  flame,  and  the  metal 
thereby  in  a  fliort  time  melted.  After  which,  the  glafs  bcmg  kept  expo&d 
to  the  fame  flame,  for  near  two  hours,  the  feal'd  apex  of  the  retort  was 
broken  off;  when  there  appeared  to  have  been  produced  a  confiderable  quan-* 
tity  of  calx,  that  lay  lodfe  about  the  remaining  part  of  the  tin,  which^ 
upon  its  growing  cold  was  hardened  into  a  lump.  This  and  the  calx  being 
taken  out  of  the  retort,  with  care,  that  no  little  frt^gment  of  glafs  ihould 
impofe  upon  us,  it  was  weighed  in  the  fame  fcales  as  formerly,  and  found  to 
have  gainM  4  4-  grains,  bdides  the  duft  that  ihick  to  the  infide  of  the  re-* 
tort ;  of  which  we  reckoned  enough  to  make  about  half  a  grain  more  :  fo 
that  of  fuch  a  fine  and  pure  flame  as  of  this  totally  ardent  fpirit,  enough, 
to  amount  to  five  grains  was  arretted,  and,  in  good  meafure,  fixM,  by  its 
operation  on  the  tin. 

3 .  For  confirmation  of  the  laft  experiment,  wherein  we  had  employed  the 
inflammable  fpirit  of  fugar,  we  made  the  like  with  highly  reftity'd  fririt 
of  wine ;  only  fubftituting  an  ounce  of  lead  inftead  of  one  of  tin.  The* 
event  was,  that  after  the  metal  had  been,  for  above  two  hoiu's,  kept  in  the 
flame,  the  feal'd  neck  of  the  retort  being  broken  off,  the  external  air  rufh'd 
in  with  noife ;  and  we  found  above  feven  fcruples  of  lead  tum*d  into  a 


folute  gravity  of  the  metal  had  been  increafed  by  the  particles  of  flame 
which  nuck  rail  to  it ;  yet  this  aggregate  of  lead,  and  extinguifhed  flame, 
had  loft  much  of  its  fpecific  gravity :  for  lead  is  to  water  of  the  fame 
bulk,  as  about  1 1  f  to  1 ;  whilft  this  fubtile  calx  of  lead  was  to  water  of  the 
fame  bulk,  but  as  p  to  i.  Now 
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TICS.      Now  whence  can  tiiis  increafc  of  abfoluce  weight,  obferv'd  in  the  me- 
^Vj/  tals  cxpofed  to  the  mere  ilame,  be  deduced,  but  from  ibme  ponderous  parts 
,tvtty.    of  the  flame  ?     And  how  could  thcl'e  pans  invade  there  of  the  metal  ia- 
cloled  in  a  glafs,  otherwife  than  by  paffing  thro'  the  pores  of  that  glafs  i 

But  I  do  not,  by  tlici'e  experiments^  pretend  to  make  out  the  porofity 
of  glafs,  any  farther  than  with  re,;ard  to  fome  of  the  ponderable  parts  of 
flame  ;  for,  otherwife,  glafs  is  not  eafily  penetrable. 
'Tt^-  upon  the  whole,  it  appears,  ift,  That  flame  may  be  a  menftruum,  and 
"^  work  on  fome  bodies,  not  only  by  making  a  notable  comminution,  and  dif- 
wioJWi  fipatJon  of  their  parts,  but,  alio,  by  a  coalition  of  its  own  particles  withthoie 
iM.  erf  the  fretted  body;  and  thereby,  permanently,  add  fubftance  and  weight 
thereto.  Nor  is  it  repugnant  to  flame's  being  a  menJlruum,  that,  in  our 
experiment,  tiie  lead  and  tin  expofed  to  it,  were  but  reduced  to  powder, 
and  not  diffolved  in  the  form  of  a  liquor,  and  kept  in  that  ftate.  For,  be- 
Jides  that  the  interpofed  glafs  hinder'd  the  igneous  particles  from  getting 
thro'  in  plenty  enough,  'tis  not  necelTai"y  that  all  menftrua  fliould  be  fuch 
iblvents.  For  whether  it  be,  that  the  menftrua  we  think  fimple,  may  be 
compounded  of  very  different  pans,  whereof  one  may  precipitate  what  is 
ditVolved  by  the  other,  or  for  fome  other  caufe  ;  it  is  certain,  tliat  foirie 
Kienftrua  corrode  metals,  and  other  bodies,  without  keeping  any  confide- 
rable  part  didblved  j  as  may  be  fecn,  if  you  put  tin  to  a  certain  quantity  of 
Aquajortisy  which  will,  in  a  veryfliort  time,  reduce  it,  almoft  totally,  to  a 
veiy  white  fubftance,  that,  when  dry,  is  a  kind  of  calx.  And  fb,  with  a 
due  proportion  of  oil  of  vitriol,  abftra^ied  from  quick-Giver,  by  a  ftrong  fire, 
we  have  feveral  times  reduced  the  main  body  of  the  mercury  into  a  white 
powder,  whereof  but  an  incoiifiderablc  part  was  dilfoluble  in  water.  And 
fuch  a  white  calx  I  liave  had,  by  the  aclion  of  anodier  fretting  liquor  on 
a  body  not  mt-tallinc.  But  whether,  as  it  fcems  probable,  it  be  from  the 
vehement  agitation  of  the  permeating  particles  of  flame,  that  violently  tear 
alunder  the  metalline  corpufcles  ;  or,  from  the  nature  of  the  igneous  men- 
Aruum,  which  being,  as  'twere,  ftrain'd  thro'  glafs  iifelf,  muft  be  ftrangely 
minute;  'tis  worth  obferving  how  fmall  a  proportion,  in  point  of  weight, 
of  the  additional  adhering  body,  may  ferve  to  corrode  a  metal,  in  compa- 
nion of  the  quantity  of  vulgar  menftrua  requifite  for  that  purpofe.  For, 
tho'  we  are  obliged  to  employ,  to  make  the  folution  of  crude  lead,  feveral 
rimes  its  weight  of  fpirit  of  vinegar,  or  a  large  proportion  of  Aqua  fonts  ; 
'twas  obferved  in  our  experiment,  that  tho'  the  lead  was  increaled  bat  fix 
grains  in  weight,  yet  above  a  hundred  and  twenty  of  it  were  fretted  into 
powder  ;  fo  that  the  corrofive  body  appear'd  to  be  but  about  the  twentieth 
part  of  the  corroded. 
ll*»  tiiui  if  ^t^'y*  Another  confequence,  deducible  from  our  difcovery  of  the  pcr- 
tHuiiim^  vioufnefs  of  glafs  to  flame,  may  be  this,  that  there  is- caule  to  queftion 
52E  '  the  truth  of  what  is,  generally,  taken  for  granted  about  calcination  ;  and, 
particularly,  of  the  notion  that  chymifts  have  entertain'd  about  the  calces 
0f  metals  and  minerals.  For,  it  does  not  appear,  by  our  trials,  that  any 
[iroportionj  wonh  regarding,  of  moift  and  furtive  pans,  was  expell'd  in 

the 
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the  calcination  J  but  it  appears  very  plainly,  that,  by  this  operation,  the  StAjrj^.*^ 
metals  gain'd  more  weight  than  they  loft  :  fo  that  the  main  body  of  the  V^^V'^^^ 
metal  remained  entire,  and  was  far  from  being  either  elementary  earth, 
or  a  compound  of  earth  and  fix'd  fait.  From  which  very  erroneous  hy- 
pothefis,  the  chymifts  infer  the  fweet  vitriol  of  lead,  which  they  call 
Saccharum  Saturni,  to  be  but  the  fweet  fait  of  it,  extraifted  only  by  the  fpirit 
of  vinegar,  which  does,  indeed,  plentifully  concur  to  compofe  it.  Whence, 
I  conclude,  that  the  calx  of  a  metal,  even  made  per  fe,  that  is,  by  fire 
alone,  may  be,  at  leaft  in  fome  cafes,  not  the  Caput  mortuum^  or  Tirra 
damnata,  but  a  magiftery  of  it.  For,  in  the  fenfe  of  the  moft  intelUgible 
of  the  chvmical  writers,  that  is  properly  a  magiftery,  wherein  the  principles 
are  not  leparated  i  but  the  bulk  ot  the  body  being  preferved,  it  acquires 
a  new  and  convenient  form,  by  the  addition  of  the  menftruum,  or  folvent, 
employed  about  the  preparation.  Befides,  I  have,  feveral  times,  from  the 
calx  of  lead,  reduced  aftual  lead.  And,  having  once  taken  but  about  a 
third  or  fourth  part  of  the  calx  of  lead,  produced  by  the  flame  of  fpi- 
rit of  wine,  I  found,  that,  without  any  flux-powder,  or  other  addition, 
but  merely  by  the  application  of  the  flame  of  highly  reftify'd  fpirit  of 
wine,  there  would,  in  a  fhort  time,  be  obtain^  a  confiderable  proportion 
of  malleable  lead  ;  whereof  the  part  I  examined,  was  truly  fo. 

jdly,  Oneufe,  among  the  reft,  we  may  make  of  the  foregoing  difco-p^fJ^^^^ 
ver)',   regards  a  controverfy  among  the  coi-pufcular  philofophers.     For  iJ[\i^\iagi!!* 
fome  of  them  think,  that  when  bodies  are  expofed  in  clofe  veffels  to  the'«'*?'**'^.^'>^ 
fire,  tho'  the  igneous  corpufcles  do  not  ftay  with  the  bodies  they  invade  ;o//j&//if/s."** 
yet  they,  really,  get  thro  the  pores  of  the  interpofed  veffels,  and  permeate 
the  included  bodies  in  their  paffage  upwards :  whilft  others  will  not  allow 
the  igneous  corpufcles,  which  they  take  to  be  but  vehemently  agitated  par- 
ticles of  terreftrial  matter,  to  penetrate  fuch  minute  pores  as  thole  of  glafs ; 
but  fuppofe  the  operation  of  the  fire  to  be  performed  by  the  vehement     . 
agitation  made  of  the  fmall  parts  of  the  glafs,  and  by  them  propagated 
to  the  included  bodies;  whofe  particles,  by  this  violent  commotion,  are. 
greatly  alter'd. 

But  tho'  it  be  probable,  that  the  brisk  agitation  communicated  by  the 
fmall  parts  of  the  glafs  to  thofe  of  the  body  containM  in  it,  may  contribute 
much  to  the  effeft  of  the  fire,-  and  tho',  by  the;  fmall  increafe  of  weight 
we  found  in  our  expofed  metals,  'tis  very  likely  that  far  the  greater  part 
ofthe  flame  was  excluded  by  the  clofe  texture  of  the  glafs ;  yet,  on  the 
other  fide,  'tis  plain,  that  igneous  particles  pafs'd  thro*  the  glafs,  and  not 
only  divided  and  agitated  the  included  bodies,  but  manifeftly  and  perma- 
.  nently  adhered  to  them. 

44thly,  We  receive  this  fiirther  information  from  our  experiments,  that  ^^^^J^j^^*- .^^ 
bodies  very  fpirituous,  fugitive,  and  minute,  may,    by  being  ^ffoci^ted  may,  by  ajaeu- 
with  proper  particles,  tho'  of  quite  another  nature,  fo  change  their  former  ^JelJfJ^t^'* ' 
qualities,  as  to  be  arretted  by  .a  folid  and  ponderous  body,  to  that   de-  t»utiJigr, 
gree,  as  not  to  be  driven  away  from  it  by  a  fire  intenfe  enough  to  melt 
and  calcine  metalSi    For  the  foregoing  trials  feem  plainly  to  difcover, 

that 
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nci.  tUac  even  the  agitated  parts  of  flame,  minute  enough  to  pafs  thro'  the 
^^\J  pores  of  glaft  itWf,  were,  fome  way,  entangled  among  the  metalline  par- 
ticles of  tin  and  lead  ;  and  thereby  brought  to  be  fo  fix'd,  as  to  endure  the 
heat  that  kept  thofe  metals  in  fufion,  and  gradually  reduced  them  to 
calces:  a  plicnomenon  that  one  would  not  cafily  look  tor;  efpecially  con- 
fidering  how  fimplc  a  texture  that  of  lead,  or  tin,  may  be,  in  comparifon 
of  the  more  elaborate  fti-udlures  of  many  other  bodies.  And  this  pheno- 
menon, which  (hews  us  what  light  and  fugitive  particles  of  matter,  nay 
permanently,  concur  to  the  compolition  of  ponderous  and  fix'd  bodies,  will, 
perhaps,  afiord  uleful  hints  to  the  ipeculativc ;  efpecially,  if  this  ftrift 
combination  of  a  Ipirituous  arc. fugitive  lubrtance,  with  fuchas,  beinggrofs 
and  unwieldy,  are  lefs  fit  than  organized  matter,  to  entangle,  or  detain 
them,  be- apply 'd,  as  it  maybe,  widi  advantage,  to  thofe  aggregates  of 
fpiricuous  corpufclcs,  and  organical  parts,  that  make  up  the  bodies  of 
plants  and  animals.  And  tliis  hint  may  fuggeft  a  conliderable  inference  to 
be  drawn  from  the  operation  of  the  fun-beams  on  appropriated  lubjcdls  ; 
iuppofing  it  to  prove  Uke  that  of  flamcon  tinand  lead  ". 


•  The  following  queries  of  ^\t  IfiacNevj- 
«n,  give  us  the  bcft  lieht  wc  have  inro 
the  nature  of  fire  and  name.  "  Is  not," 
liiys  chat  great  philofopher,  "  fire  abody, 
"  heated  To  hot.  as  to  emit  li^t  copiouf- 
*'  ly2  For,  whatclfc  is  a  rcd-liot  iron, 
"  than  fire?  And,  whaielfeisa  burning 
"  coal,  ihun  red-hot  Wood  !  L«  not  flame 
*■  K  vapour,  fiimc,  or  ekhiiluioa,  heated 
"  rednot ;  that  is.  To  hot  as  to  ihinc  ? 
**  For,  bodies  do  not  flame,  without  cmit- 
*'  ting  a  copiou-1  fume; and  thisfume  burns 
•'  in  thcflame.  The  Ii^ii  faiuuinm  vapour, 
'*  Ihining  without  heat;  and,  istherc  not 
*'  ihcfamedifiercncebctwecn  this  vapour, 
"  aod  flame,  as  between  rotten  wood, 
"  fhinirg  wiihoui  heat,  and  burni'ng  coals 
'*  of  fitc?  Indiftillinehoifpiritt,  if  the 
"  hcadofthefttU  be  taken  off,  the  vapour, 
••  which  aiccndsout  of  thcftill,  will  take 
"  fire  at  the  flame  of  a  candle,  and  turn 
"  into  flame;  and  the  flame  will  run  s- 
"  long  the  vapour,  from  the  candle,  to  the 
"  ftiU-  Some  bodies,  healed  by  motion, 
■'  or  fermentation,  if  the  beat  grow  in- 
"  tenrc.fume  copioufiy  ;  and,  if  the  heat 
"  be  (;rca:  enough,  the  fumes  will  Ihinc, 
•'  and  become  fiamc.  Metals,  in  fufion, 
'■  do  not  flame  for  want  of  a  copious 
"  fume.  Salt-pcire  fumes  copioufly,  and 
*'  thereby  flames.  All  flaming  bodies,  as 
"  oil, callow, WJ^iiWood.foffil,  coals,  pitch, 
"  and  I'ulphur,  by  flaming  wafte,  and  vanilh 
«'  into  burning  fmoke ;  which  fmoke,  if 


"  the  flame  be  put  our,  is  very  thick,  and 
"  vifiblc;  and  fometimes  fmcUs  flronglv  ; 
"  but,  in  the  flame,  it  lofes  its  fmell,  by 
"  buminj;  :  and,  according  to  the  nature 
"  of  the  fmoke,  the  flame  is  of  fereral  CO- 
"  lours;  as  that  of  fulphur,  blue  ;  that  of 
'*  copper,  opcn'd  with  fublimnte,  green  ; 
"  that  of  tallow,  yellow  ;  rhatof  carophirc, 
"  white.  Smoke  paffing  thro*  flame,  can- 
"  not  but  grow  red-hot ;  and,  red-hot 
"  fmoke  can  have  no  other  appearance 
"  than  that  of  flame.  When  gun-powder 
"  takes  fire,  it  goes  away  into  flaming 
"  fmoke.  For  the  charcoal  and  fulphur, 
"  cafily  take  fire,  and  fet  fire  to  the  ni- 
"  trc  i  and  the  fplrii  of  the  nitre,  being 
"  thereby  rarificd  into  vapour,  rufhesout, 
"  with  ciplofion,  much  after  the  manner 
"  that  [he  vapour  of  water  rufliei  out  of 
"  anzolipile;  the  fulphur,  alfo, being  vo- 
"  Utile,  is  converted  into  vapour,  and 
"  augments  The  explafion.  And,  the  acid 
"  vapour  of  the  fulphur,  namely,  that 
"  which  diftils  under  a  glafs- bell, into  oil 
"  of  fulphur,  entering  violently  into  the 
"  fixed  body  of  the  nitre,  fcis  loofc  the 
"  (pirit  of  the  nitre,  and  evciies  a  great 
"  fermentation,  whereby  the  heat  is  far- 
"  ther  augmented,  and  the  fined  body  of 
"  the  nitre  is  alio  raritied  into  fume ; 
"  and  the  ejcplofion  is,  thereby,  made 
''  more  vehement,  and  quick.  For,  if  fait 
'*  of  tartar  be  mixed  with  gun-powdec 
*'  and  the  mixture  be  warin'd  liU  it  taket 
f*  fire. 


\Ere  andH^e  weiglsd. 

**  lire,  the  explolioB  ivill  be  more  violenr, 
**  and  quick,  than  that  of  gun-powder  a- 
*'  lone  ;  which  caonot  proceed  from  any 
"  other  caufe,  than  the  afiion  of  (he  va- 
*'  pour  of  the  gun-powder  upon  the  fait 
*'  of  tartar,  whereby  the  fait  is  rarified. 
"  The  explolion  of  gun-powder  arifej, 
"  therefote,  from  the  violent  aflion, 
*'  whereby  &11  the  mixture,  bein^  quickly 
**  md  vehemently  heated,  is  rurilied,aoa 
*  converted  into rume and  vapour;  which 
"  vapour,  by  the  violence  of  that  a&ion, 
"  becoming  fo  hot  ai  to  Ihine,  appears 
•*  in  the  form  of  flame." 

The  following  query  is  fo  beautiful,  and 
opens  fuch  a  glorious  fcene,  that  I  fliould 
be  tempted  to  add  it,  tho'  it  bore  a  Icfi 
relation,  than  it  does,  to  the  prefent  fub- 
jea. 

**  Do  not "  continues  the  fame  great  au- 
thor, "  large  bodies  confervc  their  heat 
*<  the  longeft ;  their  parts  healing  one  a- 
"  nother  ?  And,  may  not  a  great,  denfe, 
**  and  fixed  body,  when  heated  beyond 
*'  K  certain  degree,  emit  light  focopiouOy, 
**  at,  by  the  emilEon,  and  re-a&ion  of  its 
**  light, and  the  reflexions,  and  refraSions 
**  of  its  rayt,  within  its  poret,  to  grow 
*'  fiill  hotter,  till  it  cornea  to  a  certain  pe- 
**  nod  of  heat ;  fuch  as  is  that  of  the  fun  1 
*'  And,  are  not  the  fun,  and  fixed  ftars, 
"  great  earths,  vehemently  hot ;  whote 
**  heat  ii  conferrad  by  the  greatnels  of  the 
"  bodies,  and  the  mutual  aSion,  «ik1  le- 
**  aSion  between  them,  and  the  light 
**  which  they  emit ;  and  whofe  pans  are 
**  kept  from  fuming  away,  not  only  by 
**  their  6«ity,  but,  aifo,  by  the  vaft  weight 
*'  and  denfity  of  the  atmofpheres,  incum- 


40t 


'*  bent  upon  them ;  and  veiy  ftrongly  co 
"  preiEng  them,  and  condenfing  the  i 


"  pours  and  exhalations  which  arife  from  Statics. 

"  them  I  For,  if  water  be  made  warm,  in  iX'Y'^./ 

"  any  pellucid  vefTcl  emptied  of  air,    that 

"  water,  in  the  vacuum,  will  bubble  and 

"  boil,   as  vehementlv  as  it  would  in  the 

"  open  air,  in  a  veffel  fet  upon   the  fire, 

"  till   it  conceives  a  much  greater  hear. 

"  For,  the  weight  of  the  incumbent  at> 

"  molphere,  keeps  down  the  vapours,  and 

'*  hinders  the  water  from  boiling,  till  it 

'"  grow  much  hotter  than  is  requtlite  to 

"  make  it  boil  in  vacua.     Alfo,  a  mixrure 

"  nftin  and  lead,  bcingput  upon  ared-hot 

'*  iron,   in  vaetu,  emiti  a  fume  and  flame; 

"  but  the  fame  mixture,  in  the  open  air, 

*.'  by  reafonof  the  incumbent  atmofpherc, 

"  does  not  fo  much   as  emit  any  fume, 

"  which  can  be  perceiv'd   by  fight.     In 

'*  like  manner,  the  great  weight  of  the  , 

"  atmofphere,'  which  lies  upon  the  globe 

'*  of  the  fun,  may  hinder  bodies  there  from 

"  rifing  up,  and  going  away  from  the  fun, 

**  in  the  form  of  vapours,  and  fumes,  un- 

"  lefs  by  means  of  a  far  greater  heat  than 

"  that  which,  on  the  furntce  of  our  earth, 

'*  would  very  eafily  turn  them   into  va- 

"  pours  and  fumes.    And  the    fame  great 

"  weight  may  condenfe  thofe  vapours,  and 

**  exhalations,  as  foon  as  they  (hall,  at 

"  any  time,  begin  to  afcendfrom  the  fun, 

**  and  make  them  prefeotly  foil  back  a- 

"  gain  into  him;  and,  by  that  aQion,  in- 

'*  crenfe  his  heat,    much  after  the   lame 

"  manner  that,  on  our  earth,  the  air  in* 

"  creafes  the  heat  of  a  culinary  fire.  And 

"  the  fame  weight  may  hinder   the  globe 

"  of  the  fun  from  being  dim inifh'd ;  unleft 

**  by  the  emiffion  of  light,  and  a    very 

"  fmoll  quantity  of  vapours  and  eihala- 

**  tioDi.    Nnot^  Oflie.  p.  116.-^1$. 
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THE 


PREFACE 


PNeumatics  is  that  part  of  univerjal  fhihfofhy^  nuhich  conjtders  the  pro^ 
pertieSy  the  ufe^  and  effeSls  of  the  air  \  the  fluid  we  treat  he ,  and  which 
is  ahfolutefy  necejfary  to  Maintain  the  life  of  animals. 
'This  is  afubjeBi  therefore ^  that  cannot  but  be  highly  ufeftd  to  inquire  into  : 
and  herein  Mr.  Boyle  appears  to  have  exercifed  hinyef  more  than  am  philofo^ 
pher  before  his  time,  or  pnce.    Indeed,  the  ancients  had  no  notion  of  this  part 
0f  philofophy  J  and  fem  to  have  never  dreamed  of  an  engine  wherewith  to  dram  the 
air  from  veffds,  and  prevent  its  return  into  them.    Otto  Gueric^  the  famous 
fonfiit  ^Mdgdeburgs  flrfi,  unlefs  we  except  Friar  Bacon,  hit  upon  an  expedient 
to  do  it;  and,  from  a  hint  ef  this  it  was,  that  Mr.  Boyle,  improving  upon  the 
defign  of  the  confid,  original^  contrived  his  air-pump  :  a  machine^  to  which  we  are 
indebted  for  the  fobttion  rf  manjf  phenomena  in  nature ;  andmomemous  difcoveries 
in  the  fluid,which,  of  aB  external  ones,  feems  to  be  the  moft  familiar^  and  ufeful  t(t 
us.  A  man  of  an  ordinary  capacity^  pojfefs^d  offuch  an  engine  as  this,  would  have 
been  perplexed  to  knew  whatufeto  makerfit ;  butjucha  genius  as  Mr.Bo\\!^,, 
eould  not  but  apply  it  to  noble  and  ferviceable  purpofes.    In  vejfels  of  gfafs, 
emptied  of  air,  by  its  means,  he  foon  included  a  great  variety  of  proper  fubjeBs, 
one  after  another ;  of  which  he  had,  before^hand^  wrote  down  a    long  cata- 
logue.   And,  as  this  engine  was,  at  firfl,  imperfeSi,  but  afterwards  received 
confiderable  improvemems,  at  different  times,  lam  induced  to  let  all  the  expert-- 
ments,  made  with  it,  by  Mr.  JEloyle,  fiand  in  the  order  wherein  he  wrote  them, 
rather  than  to  range  them  under  fever al  heads'    For,  thus  they  give  the  hifiory 
of  the  air-pump,  and  its  improvemems  from  time  to  time:  but,  if  the  other  me-* 
thod  had  been  taken,  the  advantage  ofthefe  experiment s,muft  have  been  lofi 
in  their  hifiorical  capacity  ;  which  would  prove  a  greater  inconvenience^  than 
the  feeming  diforder  wherein  they  now  occur:  efpeciaDy  confidering,  that  this  may 
eafily  be  remedied,  by  means  of  the  index. 


The   r  R  E  F  A  C  E. 

Numerous  are  the  experiments  made  by  Mr.  Boyle,  mth  this  engine  ;  hut  fiitt 
there  may  be  foinethinglejt  for  future  philcfophers  to  do  with  it,  befides  repeat- 
ing, varying,  and  cotifirming  his  trials.  Tlje  air-pump,  ai  'tis  nov}  made,  has 
many  advantages  over  even  the  befi  which  was  emplo/d  by  Nbr.  Boyle :  it  is  fo 
tMUth  more  manageable,  iommediouSy  and  exaSl,  (efpeciaSy  as  improved  by  that 
excellent  mechanic,  Mr.  Haiiksbee)  its  apparatus  isfo  viell  fuited  for  all  exigen- 
cies of  experiments  i  and,  the  whole  comes  on  fuch  eafy  terms,  in  comparifon  cf 
Vihat  it  coji  our  generous  philofopher,  that,  if  it  were  only  to  be  witnefs  of  the  fur- 
frilling  difovcries  he  made  with  it,  'tis  pity  any  weB-wifher  to  philofophy  Jhould 
be  without  it. 

But,  were  this  infirument  in  more  general  ufe ;  and,  would  mett  of  inven- 
tion fetthemfelvesta  contrive  new  experiments  for  it,  who  htoxos  whatfarther  light  it 
might  afford  us ;  and  in  producing  howmany  etlxr  effeHs  of  nature,  the  air  wouW 
appear  tobeconcern'd?  Toe  /u/f  Mf. Hauksbee  madefeveral  experiments  viith'it^ 
•which,  perhaps,  Mr.  Boyle  himfelf  never  thought  of;  iho'  he  evidently  contri- 
•L-ed  a  large  number  ;  which,  for  want  of  a  fit  opportunity,  convenient  glaffes^  and 
other  apparatus,  he  could  never  fee  the  event  of.  ThefidjeSi,  therefore,  ap- 
pears, far  from  being  exhaujled :  the  air-pump  is  a  fruitful  engine,  andfeemt 
titled  to  examine  almofl  ail  the  produElions  of  nature :  and,  there  are  mawf 
things,  in  phihfophy,  that  cannot  be  done  without  it.  'Tvias  this  which  lately  opened 
a  new  field  of  knowledge,  and  greatly  affi/ied  Mr.  Boyle  to  introduce,  or  revive 
the  mechanical  philofophy  ;  this,  evidently,  help'd  to  overthrow  the  doEhine  of 
nature's  dread  of  a  Vacuum,  by  whiih,  ih  modifb  philofophy  of  his  time, 
falfely  accounted  for  abundance  of  phenomena  ;  to  this  is  owing,  the  gretttej{ 
part  of  thofe  noble  experiments,  which  appear  under  the  following  head  0/ Pneu- 
matics ;  and,  lajlly,  to  this  we  owe  fome  furprizing  difcoveries  of  Sir  Ifkac 
Newton,  and  a  ^eat  Pare  of  the  prefem  fyfiem  of  philofophy. 
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Phylico-mechanical 

EXPERIMENTS, 


To  fliew  the 


Spring  and  Effects  of  the  A I R. 


S  E  C  T.    I. 

TH  E  air  is  fo  neceflary  to  life,  that  moft  creatures,  which  breathe,  ^  v^^^ 
cannot  fubfift,  for  many  minutes,  without  it ;  and  moft  of  the  *"**'^^ 
natural  bodies  we  deal  with,  being,  as  well  as  our  own,  almoft 
perpetually  contiguous  to  it,  the  alterations  thereof  have  a  manifeft  ihare 
m  many  (M>vious  e£k&s,  and,  partic^arly,  in  diftempers :  wherefore,  a  far* 
ther  inquiry  into  die  nature  of  this  fluid,  will,  probably,  fliew,  that  it 
concurs  to  exhibit  abundance  of  phenomena,  wherein  it  has,  hitherto^ 
feemed  little  concerned.  So  that,  a  true  account  of  any  new  experiment, 
upon  a  thing  whereof  we  have  fuch  a  conftant  and  neceflary  ufe,  may 
prove  advanta^ious  to  human  life. 

With  this  view,  before  ever  I  was  informed  that  Om  Gueric,  the  in- 
genious conful  of  Magdeburg^  had  pra£iiied  a  way,  in  Germany^  of  emp- 
tying glafs  veiTels  of  the  air,  I  had  made  experiments  on  the  fame  foun- 
dation ;  but,  as  that  gentleman  firft  produced  confiderable  efife£ts  by  this 
means,  I  acknowledge  the  afliftance  and  encouragement  which  the  report 
of  his  performances  a£brded  me. 

But,  as  few  inventions  happen  to  be  compleat  at  the  firft,  fo  th€\ 
engine  employ^  by  the  conful,  feemM  very  defective  in  its  contrivance  ; 
whence  but  little  more  could  be  expected  from  it,  than  thofe  very  few  phe- 
nomena obferved  by  the  author,  and  related  by  Schottus.  I,  therefore,  put 
Mr.  Hooky  upon  contriving  an  air-pump,  more  manageable  and  conveni- 
ent, that  might  not,  like  the  G^mTi/xn-engine,  require  to  be  kept  under 
water  :  and,  after  fome  unfuccefsful  attempts,  he  fitted  me  with  one,  con-  * 
fifting  of  two  principal  parts  j  a  glafs  veiTel,  and  a  pump  p  evacuate  the 
air.  The: 
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•■  The  firft  is  a  glafs  A,  with  a  large  mouth,  a  cover  thereto,  and  a  ftop- 
'  cock  fitted  to  the  neck  below.  This  would  contain  30  fquarts  of  water. 
B  C,  the  month  of  it,  is  about  four  inches  in  diameter,  and  llirrounded  with 
a  glafs  !ip,  altnoft  an  inch  high,  for  the  cover  to  reft  on  ;  wherein  D  E,  is  a 
brafs  ring,  to  cover,  and  be  cemented  on  to  the  lip  BC  To  the  inter- 
nal orifice  of  this  ring,  aglafsftoppjj  is  fitted,  to  keep  out  the  external 
air.  In  the  middle  of  this  cover  is  a  hole  H  I,  hali"  an  inch  in  dia- 
meter, incirclcd  with  a  ring,  or  fockec ;  to  which  is  adapted  a  brafs 
ftopple  K,  to  be  tiim'd  round,  without  admitting  the  Icaft  air.  In 
the  lower-end  of  this,  is  a  hole  8,  to  admit  a  ftring,  8,  9,  10 ;  which 
alfo  palTes  thro*  a  fniall  brafs  ring  L,  lixcd  to  the  bottom  of  the  ftop- 
ple F  G,  to  move  what  is  contain'd  in  the  exhaufted  vcflel,  or  re- 
ceiver. That  the  ftop-cock  N,  in  the  firft  figure,  might  perfeiflly  ex- 
clude the  air,  we  farten'd  a  thin  tin-plate,  MTV  \V,  to  the  fliank 
of  the  cock  X,  all  along  the  neck  of  the  receiver,  with  a  cement  made 
of  pitch,  rofin,  and  wood-aflies,  poured  hot  into  the  cavity  of  the 
plate ;  and  to  prevent  the  cenienc  from  running  in  at  ilie  orifice  Z,  of 
the  Ihank  X,  it  was  ftopt  with  a  cork  hVd  to  a  ftring,  that  it  might 
be  drawn  out  at  the  upper  orifice  of  the  receiver  ;  and  then  the  neck  cf  the 
glafs,  being  made  warm,  was  prefled  into  the  cement,  which  thus  fill'd 
the  interftices  betwixt  the  tin-plate  and  the  receiver,  and  betwixt  the  re- 
ceiver and  the  Ihank  of  the  cock. 

.  The  lower  part  of  our  engine  confifts  of  a  fucking-pump,  fuppoited  by 
a  wooden  frame,  with  three  lei;s  1 11,  lb  contrived,  that,  for  the  fieer 
motion  of  the  hand,  one  fide  oi^^it  may  ftand  perpendicular;  and  a-crofs 
the  middle  of  the  frame  we  nail'd  a  piece  cf  board  223,  to  which  the 
principal  part  of  the  pump  is  fixed.  The  pnmp  confilts  of  an  exaft  ftrong 
concave  cylinder  of  brals,  fourteen  inches  iong,  its  cavity  three  inches  in 
diameter  J  to  which  a  fucker,  4455,  is  adapt«l,  made  up  of  two  parts j 
one  of  which  44,  is  lefs  in  diameter  than  the  cavity  of  the  cylinder,  with 
a  thick  piece  oftann'd  leather  nail'd  on  it,  whereby  it  excludes  the  air. 
The  other  part,  a  thick  iron  plate  jj,  is  firmly  join'd  to  the  middle  of 
the  former,  and  is  a  little  longer  tlun  the  cylinder  ;  one  edge  of  it  be- 
ing fmooth,  and  the  other  indented,  to  receive  the  teeth  of  a  fmall  iron- 
nut  <t&y,  fixed  by  two  ftaples  to  the  underiide  of  the  board  nailed  a-croCs 
12,  on  which  the  cylinder  ftands  ;  and  it  is  tum'd  by  the  handle  7. 

The  laft  part  of  the  pump  is  the  valve  R,  a  hole  at  the  top  of  the  cy- 
linder, and  taper  towards  the  cavity ;  to  this  is  fitted  a  brafs-plug,  to  be 
taken  out  as  occafion  requires.  The  engine  being  thus  contrived,  fbme  oil 
jnuft  be  pour'd  in  at  the  top  of  the  receiver  upon  the  flt^  cock,  to  fill  up 
the  interftices  of  its  parrs,  and  that  the  key  S,  may  turn  with  the  greater 
eafe.  A  quantity  of  oil,  alfo,  muft  be  left  in  the  cylinder,  to  prevent  the 
air  from  getting  betwixt  that  and  the  fucker ;  for  the  like  reatbns,  fome 
,  muft,  likewife,  be  apply 'd  to  the  valve. 

And  here  *tis  proper  to  obfene,  that  when  we  ufed  oil,  or  water,  fe- 
parately,  foi  tliis  purpofe,  aud  they  have  not  anfwered  the  end,  a  mixture 

of 
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of  the  two  has  afterwards  proved  efie&ual.  And,  that  the  air  may  notP^B^^ATici, 
enter  betwixt  the  brafs-cover  and  the  ring,  'twill  be  convenient  to  Jay  ^^-^"^^^^^ 
fome  diachylon-plaifter  on  their  edges  with  a  hot  iron.  That  no  air,  alfo, 
may  remain  in  the  upper  part  of  the  cylinder,  the  handle  is  to  be  tum'd 
till  the  fucker  rifes  to  the  top ;  and  then,  the  valve  being  fliut,  it  is  to  be 
drawn  down  to  the  bottom;  by  which  means,  the  air  ming  driven  out  of 
the  cylinder,  and  a  fucceflion  from  without  prevented,  the  cavity  of  the 
cylinder  muft  be  empty  of  air  ,•  fo  that,  when  the  ftop-cock  is  tum'd  to 
afford  a  communication  betwixt  the  receiver  and  the  cylinder,  part  of  the 
air  before  lodged  in  the  receiver,  will  be  drawn  down  into  the  cylinder  ; 
which,  by  turning  back  the  key,  is  kept  from  entering  the  receiver  again, 
and  may,  by  unftopping  the  valve>  and  forcing  up  the  fucker,  be  driven 
into  the  open  air;  andfo,  by  repeated  exfuftions  out  of  the  receiver,  and 
expulfions  out  of  the  cylinder,  the  veflel  may  be  exhaufted  as  the  experi- 


ment requires 


"*  The  air-pump  has  received  great   im- 
provements fince  the  time  of  Mr.  B^/e,  and 
ieems  brought  to  its  utmoft  degree  of  fim- 
pilcity,  andperfeftion,  by  the  late,  and  the 
prefent  Mr.  Rauksbee.This  inftrument,  as  *tis 
J.      y    now  made*  by  yir.llaHkshee^  con- 
.  *' ^  "  fiftsoftwobrafi-dylinders,  A4  4<r, 
twelve  inches  high,  and  two  their  internal 
diameter.     The  emboli  are  raifed,  and 
deprefl!bd»  by  turning  the  winch  bh^  back- 
ward and  forward.  This  winch  is  fiiften'd 
to  a   fpindlc,   pafling   thro*  a  lanthom, 
whofe  pins  lerve  for  cogs,  laying  hold  of 
the  teeth  of  the  racks  eccc\  fo  that  one  is 
depreflcd,  and  the  other  elevated  recipro- 
caily.    By  this  means  the  valves,  made  of 
limber  ^lad^er,  and  fix'd  on   the  upper 
part  of  fA^heirhoIus,  and  at  the  bpttom 
of  the  cylinders,  mutually  cxhauftand  dif- 
charge  the  fame  air  from  the  receiver : 
which  becoming  nearly  empty,  the  pref- 
iure  of  the  external  air  on  the  defccnding 
embolus  is  fo  great,  that  the  power  re- 
quired  to  raife  the  other,  need  but  little 
furmount  rhe  fri&ion  of  the  moving  parts ; 
whence  this  pump  becomes  preferable  to 
all  others.    Tlie  bottoms  of  the  barrel  lie 
in  a  brafs-difli   dd^  its  (ides  two   inches 
high,  containing  water  to  keep  the  lea- 
ther-collars, on  which  thecylindcrsdand, 
mot  ft;  whereby  the  air  is  precluded.:  The 
cylinders  arc  fcrew'd  hereon  by  the  nuts 
fere^   which   force    the   frontifpiece  jf, 
down  iipon   them  ;  thro'  which   pafs  the 
two  pillars  gggg*   Each  pillar  has  jin  iron 
Vol.  II. 
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belongliu;  toit,  paffing  from  them  in  the 
form  or  a  fwan's  neck^^;  thefe  irons 
being  fattened  to  the  hind  part  of  the 
frame,  to  prevent  their  (baking.  Between 
the  two  barrels,  riles  a  hollow  brafs-wire 
hbhh^  communicating  with  each  of  them, 
by  means  of  a  perforated  piece  of  brafs, 
lying  horizontally  from  one  to  the  other. 
The  upper  end  of  this  wire  is  faften*d  to 
another  piece  of  perforated  brafs,  fcrew'd 
on  below  the  plate  iili^  which  is  ten 
inches  over;  having  a  brafs-rim  foldered 
on  it,  that  it  may  contain  water.  Be- 
tween the  middle,  and  the  fide  of  this 
plate,  riles  a  fmall  pipe  Jb,  about  an  inch 
and  half  high;  thro*  which,  into  the  hol- 
low wire,  jpafles  all  the  air  into  the  bar- 
rels firom  the  receiver.  Upon  the  plate  of 
the  pump  is  always  laid  a  wet  le&ther, 
for  the  receivers  to  ftand  on.  This  leather 
prevents  the  air's  getting  into  the  glalTcs, 
whole  edges  are  ground  true  ;  and  ferves 
for  t\m  purpole  vafily  beyond  any  cement 
whatever.  Another  excellence  in  this 
pump,  is  the  gage  ////,  aglafs-tube  about 
thirty-four  inches  long,  fo  placedi,  that  it 
cannot  cafily  be  damaged,  or  prove  in- 
convenient. Its  lower  orifice  is  immerfed 
in  a  gUfs  of  quick-fil  vcr  rmp  ;  on  the  fiirfiice 
whereof  is  a  perforated  piece  of  cork  for 
the  tube  to  pafs  thro*.  On  this  cork  is 
placed  a  board  of  box-wood,  about  ah  inch 
in  breadth,  and  grooved  in  the  middle, 
to  receive  the  tube,  which  is  looped  on 
thereto,    that  it   may    rife    and  lAV  as 

•    Gg  g  •      .  ^he 
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^^^--  ..  upon  drawing  down  the  fucker  of  our  engine,  whilft  the  valve  i$ 
^^^^^^  fliut,  the  cylindrical  fpace  defertcd  by  it  will  be  left  empty  of  air  ;  and, 
rt(  c-giM  therefore,  upon  turning  the  key,  the  air  contain'd  in  the  receiver  rufhes 

into  the  cylinder,  till,  in  both  veltels,  it  be  brought  to  an  equal  dilatation  ; 

fo   that,    upon  (hutting  the    receiver,    turning  back  the   key,    opening 

I  the  valve,  and  forcing  up  the  fucker  again,  aimoft  a  whole  cj-linder  of  air 
will  be  driven  out  after  this  firil  ejtfuftion ;  but,  after  every  fucceedio:? 
ftroke,  lefs  air  will  cume  out  of  the  receiver  into  the  cylinder:  fothat,  at 
length,  the  fucker  will  rife  aimoft  to  the  top  of  the  cylinder,  before  the 
valve  need  be  open'd.  And  if,  when  it  is  fo  exhaufted,  the  handle  of  the 
pump  be  let  go,  and  the  valve  be  ftopp'd,  the  fucker,  by  the  force  of  the 
ixcernal  air,  which  is  an  o\-er-baIance  to  the  internal  rarify'd  air,  will  be 
forced  to  the  upper  part  of  the  cylinder,  and  higher,  in  proportion,  as  the 
■ir  is  more  e\haultcd  *.  We  oblcrved,  alfb,  that,  whilft  any  confidc- 
rable  quantity  of  air  remains  in  the  receiver,  a  brisk  noife  is  immediately 
produced,  upon  turning  the  key. 
^!wf  tni  But  to  render  our  experin\encs  the  more  intelligible,  we  muft  prcmife, 
vf^m'd  *^"  '^®  *'^  abounds  in  claftic  particles,  \vhicli  being  prelTed  together  by 
their  own  weight,  conftantly  endeavour  to  expand  and  free  tbemfclves  from 
that  force ;  as  wool,  for  example,  refifts  the  hand  that  fijuecies  it,  and 
contrafts  itsdimenlions ;  but  recovers  them  as  the  hand  opens,  and  en- 
deavours at  it,  even  whilil  that  is  (hur.  It  may  be  aUcdg'd,  that  tho'  tbe 
'  air  conHfts  of  elaftic  particles,  yet  this  only  accoimts  lent  the  dUatation  of 

it  ia  pneumatical  engines,  wherein  it  hath  been  compre&'d,  and  its  ipring 
siolently  bent;  by  an  external  force;  upon  the  removal  whereof,  it  ex^nds, 
barely  to  recover  its  natural  dimenlkms  j  whilft.  In  our  experiments,  the  air 
appears  not  to  ha\T  been  compreffed,  brfore  its  fpontaoeous  dilatation.  But, 
wo  have  many  experiments  to  prove,  that  our  armofphereis  a  heavy  body, 
and  that  the  upper  parts  of  it  prefs  upon  thelower.  And  I  found  a  dry 
lamb's  blulder,  containing  two  thirds  of  a  pint,  and  comprcfs'd  by  « 
pack-fbread  tied  about  it,  to  Ic^  io  a  v«ry  tender  balance,  i  i  grata  of 


the  mercuryaftendsordefecDdiistliegsge. 
To  the  upper  ^ri  of  thtt  tube  it  ccrmrmci  k 
brtiG-he>uf,that  fits  into  theperferMedbraft- 
piecc,  fcrew'do*  underthc  plus,  and  co■T^- 
nuoicating  both  with  the  Teceivcr,Mid  the 
hollow  bnii-wire  hhhh.  The  box  botfd 
is  graduated  into  iachci  and  qiuiTten,frocit 
ihe  Turface  of  the  qaiek-filver  to  nrvcrf- 
eight  inches  high ;  and  dience  'tis  dWided 
inio  tenths.  By  that  moint,  the  d^ron 
«F  vuriikQion  may,  tt  aH  times,  be  nwctv 
f)brerved  ia  ao  eitpernsent.  The  aip-CKX 
n,  which  leti  in  the  air,  it,  likewife,  * 
fcTcw  on  the  fame  perJbfated  brafi,  in 
whick  tbe  upper  part*  of  the  gage,  mkI 
tte    bc^w  wnCf  are   infeR^     »<•» 


npreAm  »  : 

pwE  ofifasMivp;  M  wMe  wper  pan 
ff,  ibm!  «  tea  of  iMdmr-ceUan,  pa£ 
te  ailipofwirt:,  to  ukc  oip,  let  £iil,  or 
Sify*ad  »mf  tking  in  the  iQccivcr,t  widk- 
oui  adHniBjt  tbe  aiA 


*TheocigjiMl  air  i» the Tecei««r. is at 
vraft  ta  tbe  remaiBdei:,  at  Am  fiin  of  the 
eaf  itctty  of  the  vefiel  «f  tbe  pynsj^  raiic«l 
to  ibc  power,  nhafireaponeiit  ia  eaual  to 
tho  noBdwr  «£  tbe  fiMfcei  of  tte  fiicka, 
m^mcKf^ckf  oi  tba  voflU  iwledtB  tbe 
ranie  power.    See  tfaii  fkenoaftFatad  by 
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its  former  weight,  by  the  rcceis  of  the  air,  upon  pricking  it.  Suppo^ng,  T'^SJ^^I; 
therefore,  that  the  air  is  not  deftitute  of  weight,  'tis  eafy  to  conceive,  that  ^*'^^^^' 
the  part  of  the  atnioiphere  wherein  we  live,  is  greatly  comprefs  d  by 
thofe  dire£^Iy  over  it,  to  the  top  of  the  atmofphere.  And  tho'  the  height 
of  this  atmolphere,  according  to  Kepler,  fcarce  exceeds  eight  miles,  yet  la- 
\ex  attronomers  extend  it  fix  or  feven  miles  farther.  The  learned  Riccioh 
makes  it  reach  fifty  miles  high.  So  that  a  column  of  air,  feveral  miles  in 
height,  prefling  upon  fome  daftic  particles  of  the  iame  Suid  here  below, 
pay  eafily  bend  their  littk  fprings,  and  keep  them  bent  ;  as  if  fleeces  of 
wool^  were  piled  to  a  vafi  height  upon  one  another,  the  hairs  of  the  low- 
eft  locks  would,  by  the  weight  of  all  the  incumbent  parts,  be  ftrongly  com- 
prefs'd.  Hence  it  is,  that,  upon  taking  off  the  preflure  of  the  incumbent 
air,  from  any  parcel  of  tho  lower  atmofphere,  the  particles  of  the  latter 
poffefs  more  Ipace  than  before.  Ifit  be  £irther  ob;e£led  againft  this  con- 
denfation  <^  the  inferior  air,  that  we  find  this  fluid  readify  yields  to  the 
motion  of  flies,  feather,  &c.  we  may  reply,  that  as  when  a  man  fqueezes 
wool  in  his  handy  he  £bg1s  it  make  a  continual  refiftance ;  fo  each  parcel  of 
the  air,,  about  the  earth,  coaftantly  endeavours  to  thruft  away  fiich  conti- 
g;uous  bodies  aa  keep  it  benr,  and  hinder  the  expanfion  of  its  parts;  which 
will  fly  out  towards  that  pa^,  where  they  find  the  leaf^  refinance.  And, 
finoe  the  corpuiicles  whereof  the  air  confifts.  tho'  of  a.  fprin^  nature,  arc 
4b  very  fmaliy  as  to  compoie  a  fl  uid  Sody,  tis  cSa{y  to  conpeive,  that  here» 
as  in  other  Buids,  tiie  compOKnt  parts  are  in  perpetual  motion,  whereby 
tbey  become  apt  to  yield  to,  or  be  difplaced  by  other  bodies  ;  and  that  the 
&me  corpufcies  are  &>  variouHy  mov  d,  that,  u  £bme  attempt  to  force  a  bo- 
.dy  one  way,  others,  whofe  nu)tion  hatfi  an  oppofite  determination,  as 
ftrongly  prdis  it  the  contrary  way ;  wheitce  it  moves  not  out  of  its  place  ; 
the  pre£(ure,  on  all  fides,  being  equaL  For  if,  by  ^  help  of  our  en- 
.gin^,  the  air  be  drawn  coaly  from  one  fide  of  a  bocfyy  he,  who  thinks  to 
move  that  body,  as  eafily  as  before,  wift,  upon  trial,  find  himfelf  mifta- 

X,  Thus,  when  our  receiver  is  tolerably  exhaufled,  the  brafs  ftopple  in 
.the  cover,  is  fo  difficult  to  lift,  tha^t  there  feems  to  be  fome  great  weight 
faften'd  to  the  bottom  of  it :  for,  the  internal  air  beitoff,  now,  very  much 
dilated^  its  iprin^  muft  be  greatly  weakned  ;  and,  confequently,  it  can  but 
faintly  prefs  againft  the  lower-end  of  the  ftopple,  whilft  the  ^ring  of  the 
e^eternal  air  keeps  it  down,  with  its  full  natural  force.  And^as  tAe  air  is  gra- 
dually admitted  into  the  receiver,  the  wei^it'  is  maiiife^y  felt  to  de* 
creaic;  till,  at  lengtli,  the  receiver  being  agam  filled  with  air,  the  ftopple 
.  rtwy  be  ea lily  lifted. 

It  may  fccm  furpriiing,  that  we  fpeak  of  the  air  flfiut  up. in  ou¥  re- 
ceiver, as  of  the  prel&ire  of  the  atmofphere;  tho'  the  glafs  maiiifeffly 
kecp^  the  incumbent  piUar  of  air  from  prdOSng  upon  that  within  the  v'eflel« 
But,  let  us  confider,  that  if  a  fleece  of  wool,  by  preffure,  be  thus  difeftly 
reduced  into  a  narrow  compafs,  and  convey 'd  into  ar  dofe  box/  tho*  the  \^ 

topner  focce  oea^es  to  beild  its  numerous  ipringy  parts,  yet  they  continue         .  iV 

Gggz.  as 


{ 
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foT'««'    6.  Having  thus  found,  that  tht  air  ha  th  an  elaftic  power,  we  were  do- 
'^-^  firous  to  know  how  for  a  parcel  of  that  fluid  might  be  dilated  by  its  own 

fpring. 
utatin  We  thoroughly  wetted  a  limber  Iamb  s  bladder,  in  water,  tliat  the  iidcj 
^7 '"  of  it  being  Squeezed  together,  no  air  mipht  be  left  in  its  folds,  and  ftrong- 
""""  iy  tied  the  neck  of  it  about  that  of  a  (mall  glafs,  capable  of  holding  five 
drams  of  water ;  the  bladder  being  firft  lo  fqucez'd,  that  the  air  it 
lontain'd  xvas  wholly  forced  into  the  glafs,  with(»it  being  comprefs'd 
th*rt'  ;  then  the  pump  bein^  fet  on  work,  the  air,  in  the  viai,  ibon  be- 
gan to  dilate,  produc'd  a  Iniall  tumor  in  the  neck,  and  gradually  came 
funhei"  into  the  bladder  ;  elevating  the  fides,  and  difplayng  the  foldj, 
rill,  at  length,  it  feeni'd  blown  up  to  its  full  extent ;  when  tlK  external 
air,  being  pennitt^  to  return  into  the  receiver,  the  air  that  had  fiU'd  the 
bladder,  was  thereby  reduced  into  its  former  narrow  receptacle,  and  the 
bladder  became  flaccid  and  wrinkled,  as  before.  Then  taking  out  the 
bladder,  and  glai's,  we  fill'd  them  both  with  water,  thro'  a  hole  made  in 
the  top  of  the  bladder ;  and  found  the  wei^it  of  it  to  be  five  ounces,  fit  c 
drams,  and  a  half.  So  that  the  air,  at  its  vtimoft  expanlion,  pofleis'd  aUne 
nine  times  the  fpace  it  did  when  firft  put  into  the  receiver. 

But  to  meafure  the  expanfive  force  of  the  air  more  accurately,  we  cook 
a  cylindrical  pipe  of  glafs,  its  bore  about  a  quarter  of  an  inch  io  d»- 
L  ameier,  its  length  about  (even  inches,  and  left  it  open  ac  one  end  v  but 
the  other,  where  it  was  hermetically  fealed,  had  a  fmaB  ghtis  bubl:^ 
to  receive  the  air,  whofe  dilatatiwi  was  to  be  meafiir'd.  Akxi^  the 
itde  of  this  tube  we  pafted  a  Dip  of  parchment,  divided  inco  twcncy-fix 
equal  parts,  marked  with  black  lines,  to  meafiire  both  the  included  air, 
and  its  expanfion.  Afterwards  we  almoft  fill'd  the  tube  with  water;  when, 
ftopping  the  open  end,  and  inverting  it,  the  air  was  permitted  to  a£:end 
t«  the-  bttbWe  •■,  an^,  as  the  afcent  w^s  very  flow,  it  gave  us  the  oppdrtgmity 
iomark- hew  much  more,  or  lefs  than  one  of  dioiediTi^onSr  tluair  cook 
up.  Thus,  after  a  trial,  or  two,  wecenvey'd  to  the  tofrof  tfarg^a&,  *. 
bubbfe  e^air,  apparently  equal  t&  ene  of  choiedivifions ;  then  the  open  end 
of  the  tube  being  put  into  a  fmafl  vial*  whofe  boctom  was  carerid  wick 
wateTi  we  induded  both  dftflcs  in  a  fmall  flendter  receiver,  and  cai&d 
ihe  pump  to  be  work'd.  'Die  event  was,  that,  ar  the  firft  exfiaftroa  of 
the  air,  there  feemM  not  any  expanfion  of  the  bubble,  comparable  ta  what 
appeared  at  the  fecond ;  ana,  after  a  very  few  ftrofees^  the  bubble,.  reacl»- 
ing  as  low  as  the  furface  of  the  fubjacent  water,  gave  us  caufe  to  think, 
tiiat  it  would  have  expanded  much  farther,  had  mere  been  room.  We, 
therefore,  took  out  the  little  tube,  and  found  that,  befides  the  twenty-fix 
ivjfions,  the  glfafs  bubble,  aiwf  Wpe.  part  of  the  ppc,  to  wIbcN  the  parth- 

j;nMnfttlMt.lJquocuT«pftblecifJho'erecCt  |  wd  upon  ihii  foundAiioD,   he  ingcniouflf 

icit  libQ  fpnag  of  tbc  air  a&muchu  aboiu  I  moiseccrfc  iacIiAmeitsJ^VAc4dim,A.  i709. 
■J  of  *e  weight  of  the  Rtmofphcre,  Oiewn  j  p.   104.    A'.  I703.  p.  fii,  8tc. 
by  The  barometer,  in  Ipriag,  orautuino  :  | 

ment 


Phyfico-mechamcal  Experiments.  415? 

mcnt  did  not  reach,  amounted  to  fix  dWfions  more.  Whence  it  appears,  VKzwrnATia 
that  the  air  poflfefs'd  one  and  thirty  times  more  Ipace  than  before;  and  *  ^^^^^  ^ 
yet  feem'd  capable  of  a  far  greater  cxpanfion.  \\Tierefore,  after  the  fame 
manner,  we  let  in  another  bubble,  that  feem'd  but  half  as  big  as  the  for- 
mer, and  found  that,  upon  exhaufting  the  receiver,  it  did  not  only  fill 
up  the  whole  tube,  but,  in  part,  broke  thro' the  water  in  the  vial;  and 
thereby  manifefted  itielf  to  hiave  poflfefs'd  above  fixty  times  its  former 
fpace. 

Finding,  then,  that  our  tube  was  (till  too  fliort,  we  took  a  flender  coni- 
cal one,  thirty  inches  long,  hermetically  feal'd  at  the  flender  end,  and 
almoft  fiird  it  with  water ;  and  conveying  a  bubble  of  air  to  the  top  of  it,  we 
put  the  open  end  in  a  vial,  as  before  :  then  the  cover,  by  means  of  a  fmaU 
hole  made  in  it,  for  the  glafs-pipe  to  come  out  at,  was  cemented  to  the 
receiver;  and  the  pump  bein^fet  on  work,  the  air  manifeftly  appeared 
extended  below  the  furlace  of  u\e  water ;  and  (bme  bubbles  were  feen  to 
come  out  at  the  bottom  of  the  pipe,  and  break  thro'  the  water.  This  done^ 
we  left  otf  pumping,  and  obierv'd,  that  at  unperceiv'd  leaks  of  the  re- 
ceiver, the  an:  got  in  £o  faft,  that  it  very  quickly  impelfd  up  the  water  to 
the  top  of  the  tube  ;  excepting  a  little  ipace,  whereinto  that  bubble  was 
driven,  which  had  befere  poflefsM  the  whole  tube,  •  This  air,  at  the  flender 
end,  appear  d  to  be  a  cylinder  of  4  inch  in  length ;  but  when  the  pipe  was 
taken  out,  and  inverted,  itfeemM,  at  the  other  end,  lefs  in  bulk  than  a 
pea.  Then,  with  a  fmall  pair  of  fcales,  weighing  the  tube  and  water,  we 
^Dund  they  amounted  to  one  ounce  thirty  grains  and  a  half;  and  filling  the 
tube  with  water,  and  weighing  again  the  pipe  and  water,  we  found  the 
weight  increased  only  by  one  grain.  Laftly,  poiunng  out  the  water,  and 
carefully  freeing  the  pipe  from  it,  we  weighVl  the  gUfs  alone,  and  found 
it  wanted  two  drams  and  thirty  -two  grains  of  its  former  weight.  So  that 
the  bubbk  of  air  potkfSng^  the  ipace  but  of  one  grain  weight  of  water,  itr 
appear^  that  this  air,  by  its  own  fprin^  was  rarified  to  one  hundred  finy- 
two  times  its  former  dimenfions ;  tho*  it  had  been  compreisM  only  by  the 
ordinary  weight  of  the  contiguous  air.  The  experiment,  indeed,  was  made 
in  a  moift  night,  and  in  a  room  with  a  large  fire ;  which  did,  perhaps^  feme- 
what  rarify  the  bubble  of  air. 

It  hath  teem'd  almoft  incredible,  what  Merfetmus  relates,  that  the  air,  by 
the  violence  of  heat,  may  be  dilated  fo  as  to  take  up  feventy  times  its  na- 
tural fpace :  we,  therefore,  once  more,  convey^  into  the  tube  a  bubble  of 
the  iame  bignefs  with  the  former;  and  profocuting  the  experiment  as 
before,  we  wferv'd,  that  the  air  did  manifoffi|y  ftretch  itfett  fo,  as  to 
appear,  feveral  times,  far  below  the  furfoce  of^the  water  in  the  vial; 
and  that,  too,  with  a  furface  very  convex  toward  the  bottom  of  the  pipe» 
Kay,  the^pmnp  being  ply'd  a  little  longer,  the  air  reachM  to  that  place, 
where  the  tube  refted  upon  the  bottom  of  the  vial,  and  feem'd  to  lut  againfl. 
and  rebound  from  it.  Whence  'tis  probabte,  if  the  experiment  coidd  be 
ib  made  that  the  expanfion  of  the  air  mLght  not  be  refifted,  it  would  yet 
enlarge  its  bounds,  and  perhaps  firetch  itfdf  to  mote  than  two  hundred 

times 
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1^'**- times  its  former  bulk.    And  this  may  render  many  phenomena  of  our  en- 

^^^  gine  credible  ;  fince,  of  that  part  of  the  atmofphere  wherein  we  live,  what 
we  call  the  free  air,  and  prefmne  to  be  uncomprcfs'd,  is  crowded  into  fo 
very  fmall  a  portion  of  the  fpace,  it  would,  if  unrcfiftcd,  poffcfs. 

^fc  i       7.  To  difcovcr  the  llienf^th  of  glafs,  and  what  intereft  the  figure  of  a 

[Jji/rf  body  may  have  in  relifting  a  prcffure,  we  made  the  following  expcri- 

i7ii^«irr  ments. 

'fS't.  j^  round  glafs  bubble,  capable  of  containing  five  ounces  of  water,  being 
purpofely  blown  very  thin,  and  with  a  flendcr  neck,  we  moderately  emp- 
tied the  receiver,  and  nimbly  applied  the  neck  of  the  bubble  to  the  orifice 
of  ihe  bottom  of  it ;  and  after  turnint;  the  key  of  the  ftop-cock,  we  made  a 
free  paflaf;e  for  the  air  to  come  out  of  the  bubble  into  the  receiver  j  which 
k  did  with  great  celerity  ;  leaving  the  bubble  as  empty  as  the  receiver  it- 
felf.  We  then  let  in  the  external  air,  which  now  prefs'd  only  on  the  out- 
fide  of  the  exhaufled  bubble,  being  prevented  from  getting  within  it  i  nc- 
vcrthelefs,  it  continued  as  intire  as  before;  the  roundnefs  of  its  figure  ena- 
bling it,  tho'  almoft  as  thin  as  paper,  to  refift  a  preflure  equal  to  that  of 
■  the  whole  incumbent  atmofpneic.  And  repeating  the  experiment,  we 
found  again,  that  the  preffure  of  the  air,  thrufting  all  the  parts  inwards, 
made  them,  by  reafon  of  their  arched  figure,  fo  fupport  one  another,  that 
the  glafs  would  not  break. 

I.  8.  U'e  took  a  glafs  alembic,  containing  between  two  and  three  pints  ; 

tlie  roftrum  C,  being  hermetically  feal'd  ;  and  at  the  top  of  it  was  a  hole, 
wherein  we  cemented  one  of  the  ihaiiks  of  a  ftop-cock  ;  fo  that  the  glafs 
being  inverted,  the  wide  orifice  flood  uppermoft ;  and  to  this  was  ceinented 
a  cover  of  lead  :  the  other  fhank  of  the  ftop-cock  was  alio,  with  cement, 
faften'd  into  the  upper  part  of  the  pump,  which  beginning  to  be  work'd, 
the  remaining  air  became  by  much  too  weak  to  balance  the  preffure 
of  the  external  air,  when  the  glufs  was,  with  a  great  noife,  crack'd 
almoft  Iwlf  round,  along  that  part  of  it  where  it  began  to  bend  inwards  ; 
ins  in  the  line  A  B  j  and  upon  attempting  to  evacuate  more  of  the  air,  the 
crack  appear'd  to  run  further,  tho'  the  glafs,  where  it  was  broken,  feem'd 
above  twenty  times  as  thick  as  the  bubble  employ'd  in  the  preceding  expe- 
riment; Hence  it  may  feem  ftrange,  that  taking  another  glafs  bubble, 
alike  in  all  refpefts,  for  ought  appear'd,  to  that  juft  mention  d,  fealifig  it 
tip  hermetically,  and  fufpendine  it  in  the  receiver,  the  exfuftion  of  the 
iurrounding  air  did  not  enable  tne  internal  air  to  break  or  crack  it :  and 
this  prov'd  the  cafe,  tho*  the  experiment  were  tried  feveral  times,  with 
bubbles  of  different  fizes.  But,  perhaps,  the  heat  of  the  lamp,  wherewith 
fuch  glaffes  are  hermetically  feal'd,  might  rariiy  the  contam'd  air,  and 
Weaken  its  fpring: 
*'^-ii-  '  i"-  Ii^to  t^he  ni:ck  of  a  common  foxu"-ounce  vial,  we  put  a  (lender  pipe  of 

glafs,  and  Carefully  faften'd  it,  with  a  mixture  of  pitch  and  rofin,  tothe  neck 
thereof.  This  vial,  containing  water  that  reach  d  confiderably  higher  than 
the  lower  end  of  the  pipe,  was  put  into  a  fmall  receiver,  in  liich  manner, 
that  the  glaft  pipe,  paffing  thro'  a  hole  in  the  leaden  cover  of  the  receiver, 

was 
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wal  principally  without  the  veffel  ,•  which  being  exaftly  clofed,  we  workM  ^'^JJJiT^ 
the  pump :  but  at  the  very  firft  ftroke,  and  before  the  fucker  was  drawn  ^"^^^^^ 
to  the  bottom  of  the  cylinder,  there  flew  out  of  the  vial,  a  large  piece  of 
glafs,  with  a  furprizing  violence  and  noife,  £o  as  to  crack  the  receiver  in 
inany  places. 

For  farther  fatisfaftion,  we  repeated  the  experiment  in  a  round  glafs, 
that  would  contain  fix  ounces  of  water  i  which  we  put  into  a  fmall  receiver, 
lb  that  the  bottom  of  it  refted  upon  the  lower  part  of  the  receiver,  and 
the  neck  came  out  thro*  the  leaden  cover  of  the  lame.  This  vial  we  inclu- 
ded in  a  bladder,  before  it  was  put  in,  and  the  receiver  being  closed,  fo 
that  the  outward  air  could  not  enter  but  by  breaking  thro*  the  vial,  into 
whofe  cavity  it  had  free  accefs  by  the  mouth,  the  fucker  was  nimbly  drawn 
down;  upon  which,  the  external  atr  immediately  prefs'd  forcibly,  as  well 
upon  the  leaden  cover  as  the  vial  j  and  the  cover  happening  to  be  in  one  place 
a  little  narrower,  than  the  edge  of  the  receiver,  it  was  deprefs'd,  and 
thruft  into  it  fo  violently,  that  getting  a  little  within  the  lip  ot  the  glafs,  it 
thruft  out  the  fide,  where  it  was  deprefs'd,  fo  as  to  fplit  the  receiver.  And 
having  fitted  a  wider  cover  to  the  fame  receiver,  and  closM  both  that,  and 
the  crack  with  cement,  we  profecuted  the  experiment  in  the  former  manner 
with  this  fuccefs ;  that,  upon  fuddenly  deprefling  the  fucker,  the  exter- 
nal air  burft  the  vial  into  above  a  hundred  pieces,  many  of  them  exceeding 
fmall,  and  with  fuch  violence,  that  we  found  a  wide  rent,  and  many  holes 
made  in  the  bladder. 

And  to  ftiew,  that  thefe  phenomena  were  the  cflfefts  of  a  limited  force, 
and  not  of  fuch  an  abhorrence  of  a  vacuum^  as  muft,  upon  occafidn,  exer- 
cife  a  boundlefs  power,  we  try'd  feveral  thicker  glaffes,  and  found  that 
the  experiment  would  not  fucceed;  £3rthe  glafies  were  tsien  out,  as  entire 
as  they  were  put  in. 

And  here,  by  the  way,  we  may  obferve,  that  every  fmall  crack  will  not 
render  a  roundifh  reteiver  ufeleCs  m  our  experiments,  oecaufe,  upon  evacua- 
tion of  the  internal  air,  the  external  on  all  fides  preffing  the  glafs  towards 
the  center,  thrufts  the  edges  of  the  crack  clofer  together. 

And,  in  cafe  of  confiderable  flaws,  we  fucce&fully  apply  a  plaifler, 
made  of  quick-lime,  finely  powdered,  and  nimbly  ground,  with  a  proper 
quantity  of  the  fcrapings  ot  cheefe,  and  fair  water,  enough  to  bring  the 
mixture  to  a  foft  pafte ;  which,  when  the  ingredients  are  exquifitely  incor- 
porated, will  have  a  flrong,  and  fetid  fcent ;  and  then,  it  mufl  be  immediate- 
\y  fpread  upon  a  linen  cloth,  and  applied,  left  it  begin  to  harden. 

10.  We  let  down,  intooxir  receiver,  a  tallow-candle  of  a  moderate  Ciztytbi fUm  tfuiu 
and  fufpending  it,  fo  that  the  flame  appeared  in  the  middle  of  the  veflel,/j^^*  •*» 
we  prelently  clos*d  it  up,  and  upon  pumping  found,  that  within  little  more,  *  > 
than  half  a  minyte  after,  the  flame  went  out. 

At  another  time,  the  flame  lafted  about  two  minutes,  tho*  upon  the  firft 
cxfuftion  it  feem'd  to  contra  A  itfelf  in  all  its  dimenfions,  and  after 
two   or  three  exfuftions,   it  appeared  exceeding  blue,    and  gradually 

Vo  L.  n.  H  h  h  receded 
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DMATias.feceded  from  the  taliow,  till  at  length  icfeem'd  to  poffefs  only  the  very 
'^^  copof  the  wick,  and  there  it  vanilh  d. 

The  fame  candle,  beingllghted  again,  was  (hut  into  the  receiver,  to  try 
how  it  would  biu'n  there,  without  exliauftine  the  air  ;  and  we  found  that  it 
lafted  much  longer  than  formerly  ;  and  before  it  went  out,  it  receded  from 
the  tallow,  towards  the  top  of  the  wiek,  tho'  not  near  fo  much,  as  in  the 
former  experiment. 

We  took  notice,  that  when  tlie  air  was  not  drawn  out,  a  confiderable 
part  of  the  wiek  remain'd  kindled  upon  the  extiiiftion  of  the  flame, 
which  emitted  a  fmoke,  that  fwiftly  afcended  direftly  upwards,  in  a  flen- 
der  and  uninterrupted  cylinder,  till  it  came  to  the  top,  from  whence  ic  re- 
tum'd,  by  the  fides,  to  the  lower  part  of  the  vefl'el ;  but  when  the  flame 
went  out,  upon  the  exfudlion  of  the  air,  we  once  perceiv'd  it  not  to  be 
'follow 'd  by  any  fmoke  at  all.  And  at  another  time,  the  upper  part  of  the 
wiek,  remaining  kindled  after  the  extinftion  of  the  flame,  a  flcnder  fteam 
lafcended,  but  a  very  little  way,  and  after  fome  uncertain  motions,  for  the 
greateft  part,  foon  fell  downwards. 

Joining  together  fix  (lender  tapers  of  white  wax,  as  one  candle,  and 
having  lighted  all  the  wieks,  we  let  them  down  into  the  receiver,  and  made 
whatTiaft  we  could  to  clofe  it  up  with  cement.      But,  tho'in  the  mean  while, 
'  we  left  open  the  valve  of  the  cylinder,  the  holeof  the  ftop-cock,  and  that  in 

^J^  the  cover  of  the  receiver,  that  fome  air  might  get  in  to  cherifh  the  flame, 
^^^L  and  that  the  fmoke  might  have  a  vent ;  yet  the  air  fufliced  not  for  fo  great 
^^^*  a  flame,  till  the  cover  could  be  perfeftly  luted  on';  fo  that  before  we  were 
teady  to  employ  the  pump,  the  flame  was  extingujfli'd.  Wherefore,  we  took 
but  one  of  the  tapers,  and  having  lightedit,clos'd  it  up  in  the  receiver,  to  try 
how  loni^  a  fmall  flame,  with  a  proportionable  fmoke,  would  continue  in 
fuch  a  quantity  of  air;  but  we  found,  upon  two  feveral  trials,  that  from  our 
beginning  to  pump,  the  flame  went  out  in  about  a  minute.    It  appear'd, 
in*fced,  niatthe  fwingingof  the  wire,  whereby,  the.candles  hung,  haft- 
.  ned  the  extinAion  of  the  flame,  which  feem'd,  oy  the  motion  of  the  pumP) 

to  be  thrown,  fometimes  on  one  fide  of  the  wiek,  and  fometimes  on  the 
other.  But,  once  refraining  to  pump,  after  a  very  few  exfudlions,  tfie 
flame  lafted  not  much  longer.  And  laftly,  clofing  up  the  fame  lighted  ta- 
per, to  difcover  how  long  it  would  laft,  without  drawing  out  the  air ; 
,  we  found,  that  it  burnt  vividly  for  a  while  ;  but  afterwar(£,  began  to  di- 
minifh  gradually  in  all  its  dimcnfions,  tho' the  flam  edid  not,  as  before,  retire 
itfelf  by  little  and  little  towards  the  top,  but  towards  the  bottom  of  the 
wiek,  lothat  the  upper  part  of  it,  manifeftly  appear'd  for  fome  time,  a- 
bove  the  top  of  the  name;  which,  having  lafted  about  five  minutes,  was 
fucceeded  by  a  ftream  of  fmoke,  that  afcended  in  a  ftrait  line. 
CisAi  iUf  II.  A  fpiral  wire,  fill'd  to  the  height  of  about  five  inches,  with 
Til.  34,  wood-coals  throughly  kindled,  being  let  down  into  the  receiver,  and  the 

pump  fet  to  work  ;  we  obferv'd,  that  upon  the  very  firft  cxfuftion  of  the 
coals,  the  fire  grew  dim,  and  tho*  the  agitation  of  the  veflel  made  them 
fwing  i  yet,  when  we  could  no  longer  dueem  a  rednefc  in  any  of  them. 
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we  found  that,  from  the  beginning  of  the  pumping,  that  is,  about  twoPHBUMATict . 
minutes  after  the  coals  had  been  put  in,  glowing,  to  the  total  disappear-  V^W^. 
ing  of  the  fire,  there  had  pafs  a  three  minutes. 

We  then,  prefently,  took  them  out,  and  found  there  had  remained  fome 
little  parcels  of  fire,  rather  coverM,  than  totally  extinguifh'd  ;  for,  in  the 
open  air,  the  coals  began  to  re-kindle,  in  feveral  places.  Wjierefore,  ha- 
ving, by  fwineing  them  about  in  the  wire,  throughly  lighted  them  a  fecond 
time,  we  let  them  down  again  into  the  receiver;  and  clofingit,  waited  till 
the  fire  feem'd  totally  extinft,  without  working  the  pump,  and  found  thac 
from  the  time  the  vefTel  was  clofed,  till  no  fire  at  all  could  be  per- 
ceived, there  had  elapfed  four  minutes. 

Laftly,  having  taken  out  the  wire,  and  put  other  coals  into  it,  we,  in 
the  fame  room  where  the  engine  flood,  let  it  hang  quietly  by  a  firing,  in 
the  open  air  ;  and  found  that  the  fire  began  to  go  out  firft  at  the  top,  and 
outfides  of  the  coals  ;  but  inwards,  and  near  the  bottom,  it  continued  vi- 
fible  for  above  half  an  hour  5  a  great  part  of  the  coals,  efpecially  the  lower- 
moft,  being  reduced  to  aihes  brfore  the  fire  was  extinguilh'd. 

A  piece  of  iron,  of  the  bignefs  of  a  middle-fized  charcoal,  being,  alio,  Kti-bot  inn. 
made  red-hot  throughout,  we  fufpended  it  in  the  exhaufted  receiver ;  but 
could  not  obferve  any  manifeft  change  upon  the  exfuftion  cf  the  air. 
The  iron,  indeed,  began  to  lofe  its  fiery  rednefs  at  the  top ;  but  that 
feem'd  owing  to  the  upper-end's  being  fomewhat  more  flender,  than  the 
lower ;  and  the  rednefs,  tho*  it  were  in  the  day-time,  continued  vifible 
about  four  minutes ;  and  then  before  it  quite  difappear'd,  we  let  in  the  air,  • 
but  no  change  enfued.  Yet  fome  little  remainclers  of  wax,  that  ftuck 
to  the  wire,  and  were  turnM  into  fumes  by  the  heat  of  the  iron,  afforded 
a  more  diffufive  fmoke  when  the  air  was  drawn  out,  than  afterwards  ; 
tho'  allowance  were  made  for  the  decreased  heat  of  the  metal.  And  laft- 
ly, notwithftanding  a  confiderable  extradUon  of  the  air,  and  the  inconfi- 
derable  diffipation  of  the  parts  of  the  iron  ,  the  fides  of  the  receiver  were 
very  fenfibly  hot,  and  retained  a  warmth  for  fome  time  after  the  iron  was 
taken  out, 

12.  We  fufpended  a  piece  of  well-lighted  match,  in  our  receiver,  with  Li^fe^iiM^cj^ . 
the  lighted  end  downwards,  when  the  fumes  of  it,  almoft,  immediately  fiU'd, 

and  ckrken'd  the  receiver.  Wherefore,  left  the  vcffel  fliould  be  endan- 
gered, the  pump  was  nimbly  ply'd,  and  a  great  deal  of  air  and  fhioke, 
mix'd  tc^ether,  drawn  out ;  whereby  the  receiver  growing  more  clear,  we 
could  dilcem  the  fire  in  the  match,  to  burn,  by  degrees,  more  languidly  ; 
and,  after  no  long  time,  it  ceas'd  to  be  difcernible  either  by  its  light,  or 
finoke.  And  tho'  we  continued  pumping  for  a  while  longer,  yet,  upon 
admiflion  of  the  external  air,  the  fire,  that  feem'd  to  have  been  long  extin- 
guifli'd,  prefently  revived,  and  began  again  to  fliine,  and  diffipate  the  ad- 
jacent fewel  into  fmoke,  as  before. 

13.  We,  afterwards,  let  down  into  the  receiver,  together  with  a  piece  of 
lighted  match,  a  large  bladder,  well  tied  at  the  neck,  and  containing  only 
about  a  pint  of  air,  the'  capable  dF  containing  ten  times  as  much. 

Hhh2  This 
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■*?■*''     This  was  defign'd  to  try,  whether  the  ftnokc  of  the  match,  replenifliing 

'^^  the  receiver,  would  hinder  the  dilatation  of  the  internal  air,  upon  the  ex- 

traftion  of  the  externa!  ;    and  to  difcover  whether  the  extinclion  of  the 

fire  in  the  match,  proceeded  from  wane  of  air,  or,  barely,  from  tlie  pref- 

fiire  of  its  own  fumes. 

The  event  was,  that,  at  the  beginning  of  our  pumping,  the  match  ap- 
peared well  lighted,  tlio'  it  had  almoft  (ill'd  the  receiver  with  fmoke  ; 
but,  by  degrees,  it  burnt  more  dimly ;  tho',  by  nimbly  drawing  out  the 
air,  and  fmoke,  the  veflel  became  lefs  opake  :  fo  that  the  longer  we  pump'd, 
the  lefs  air,  and  fmoke,  came  out  of  the  cylinder,  upon  opening  the  valve  ; 
yet  the  fire  in  the  match,  went  out  but  llowly.  And  when,  afterwards, 
we  had  darken'd  the  room,  and,  in  vain,  attempted  to  difcover  any  fpark 
of  fire,  we  ftill  continued  pumping  ;  and,  at  laft,  letting  in  the  air,  the  fire 
quickly  revived,  yielded  light,  and  plenty  of  fmoke.  Then  we  fell  to 
pumping  a-frefh,  and  continued  it  till  long  after  the  match  went  out  again  j 
JO  that  in  leis  than  half  a  quarter  of  an  hour,  the  fire  wasextinguiflied, 
bcyondthepoflibiUty  of  a  recovery  by  re-admictingthe  air.  If  the  cylin- 
der were  emptied,  when  the  receiver  was  full  of  fmoke,  immediately 
upon  turning  of  the  ftop-cock,  the  receiver  would  appear  manifeftly  dark- 
ned,  to  an  eye  viewing  the  light  tliro'  it  ;  and  this  darknefs  was  lefs,  as 
the  receiver  contain'd  lefs  fmoke :  it  was  alfo  inftantaneous,  and  feem'd  to 
proceed  from  a  fudden  change  of  place  and  fituation,  in  the  exhalations, 
upon  the  vent  afforded  them,  and  the  air  they  were  mix'd  with,  out  of  the 
.  receiver  into  the  cylinder.  We  alfo  obferv'd  a  kind  of  a  halo,  for  a  con- 
(iderablc  time,  about  the  fire,  that  ieem'd  to  be  produced  by  the  furround- 
ing  exhalations.  And,  when  the  fumes  feem'd  moft  to  replcniih  the  recei- 
ver, they  did  not,  fenfibly,  hinder  the  ail',  included  in  the  bladder,  from  di- 
lating itlelf,  after  the  fame  manner  it  would  otherwile  have  done:  to 
■  that/before  the  the  match  was  quite  extinft,  the  bladder  appear'd  diftended 
to  fix  or  feven  times  its  former  dimenfions. 

We,  alfo,  took  a  fmall  receiver,  capable  of  containing  about  a  pound  and  a. 
half  of  water,  and,  in  the  midft  of  it,  fufpended  a  hghted  match;  but 
tho*  within  a  minute,  from  putting  in  the  match,  we  had  cemented  on 
the  cover,  yet,  before  we  began  to  pump,  the  fmoke  had  fo  fill'd  the  re- 
ceiver, as,  apparently,  to  choke  the  fire.  And  finding  it  thus  impoffible 
to  clofe  up  the  velfel,  and  pump  out  the  fumes  foon  enough  to  prevent  the 
extinftion  of  the  fire^  we  uied  this  expedient  :  as  foon  as  we  had  pump'd 
once  or  twice,  we  fitddenly  turn'd  the  key,  and  thereby  gave  accefs  to 
the  excluded  air,  which  ruihing  violently  in,  drove  away  the  alhes,  fill'd 
the  glafs  with  frelh  air,  and  re-kindled  the  fire ;  and  having,  by  this 
means,  obtain'd  a  lighted  match  in  the  receiver,  without  fpending  time, 
to  clofe  it  up,  we  exhaufted  the  receiver,  and  found  the  match  then  quickly 
ceas'd  to  fmoke. 
AUgnn-t^  14.  We  took  a  piftol,  and  having  firmly  ty'd  it  to  a  ftick,  almoft  as  long 
ArjiMi  >»«*asthe  cavity  of  the  receiver,  we  primed  it  with  dry  gun-powder;  then 
cocking  itj.we  &ftai*d  the  trigger  to  one  end  of  a  ftnng^  whofe  other  end 
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was  faften'd  to  the  key  in  the  cover  of  our  receiver.  This  done,  we  con-  J^SCSi^ 
vey'd  the  whole  apparatus  into  the  veflel,  which  being  clofed  up,  and  emp-  ^'▼^^• 
tied  after  the  ufual  manner,  we  turnM  the  key  in  the  cover,  and  thereby 
ftiortning  the  ftring,  puU'd  the  trigger,  and  obferv'd,  that  the  force  of 
the  fpring  of  the  lock,  was  not  fennbly  abated  by  the  abfence  of  the  air ; 
for,  the  cock  falling  with  its  ufual  violence,  ftruck  as  many,  and  as  con- 
fpicuous  fparks  of  nre,  as,  for  ought  we  could  perceive,  it  did  in  the  open 
air.  Upon  often  repeating  this  experiment,  we  could  not  perceive,  but  that 
the  fparks  of  fire  moved  upwards,  downwards,  and  fide-ways,  as  when 
out  ot  the  receiver. 

We,  likewife,  fubftituted  a  piece  of  fteel  for  the  flint,  when,  the  piflol 
being  cock'd,  and  conveyed  into  the  receiver,  we  pulW  the  trigger,  after 
the  air  was  drawn  out ;  and  tho'  the  place  were  purpofely  darkned,  there 
appeared  not,  upon  the  collifion  of  the  twof  fteels,  the  leaft  fpark  of  fire. 
\Ve  have,  indeed,  found,  that,  by  the  dextrous  collifion  of  two  hardened 
pieces  of  fteel,  many  fparks  may  be  ftruck  out ;  but  that  was  done  with 
fuch  a  vehement  percuffion  of  their  edges,  as  could  not  well  be  procured 
in  our  receiver. 

But  moft  of  our  attempts,  to  fire  the  gun-j>owder  in  the  pan  of  the  pi- 
ftol,  fail'd,  becaufe  we  were  obliged  to  let  it  hang,  almoft  perpendicu- 
larly, in  the  recdvcr  ;  whereby  the  powder  was  (hook  out,  before  the  fparks 
could  reach  it.  Once,  however,  the  experiment  fucceeded ;  and  the  kin- 
dled powder  feem'd  to  make  a  more  expanded  flame,  than  it  would  have 
done  in  the  open  air,  and  mounted  upwards  :  upon  the  extindtion  of 
the  flame,  the  receiver  appeared  darkn^  with  fmoke,  which  feem'd  to 
move  freely  up  and  down,  and,  upon  letting  in  the  air,  began  to  circulate 
much  fafter  than  before. 

1 5 .  We  convey 'd  into  a  finall  receiver,  a  piece  of  combuftible,  dry,  black  ^^^^^  *• 
matter ;  and  care&illy  clofing  the  veflel,  we  brought  it  to  a  window,  ^t^t^nuhSfy^ 
which  the  fun  flionc  m  very  freely  ;  then,  drawing  out  the  air,  we,  with  fy  **•/*••''  ^«x^ 
a  buming-glafs,  threw  the  fun's  ra vs  upon  the  combuftible  matter,  which  '**  ^**"*^ 
began  immediately  to  fend  out  a  unoke  that  darkned  the  receiver ;  but, 
notwithftanding  all  our  care,  the  external  air  got  in,  and  fruftrated  the  ex- 
periment. 

We,  therefore,  lodg'd  this  combuftible  matter  in  the  cavity  of  our  lar- 
geft  receiver,  fo  that  it  was  almoft  contiguous  to  the  fide  next  the  fun  :  we 
then  endeavoured  to  kindle  it,  but  foun^  jthat  by  reafon  of  the  thicknefs  of 
the jglafs,  the  fun-beams,  thrown  in  by  the  buming-glafi,  were,  in  their 
paflage,  fo  diflocated,  and  fcatter'd,  that  we  could  not,  poflibly,  unite 
enow  of  them,  to  make  the  matter  yield  a  fenfi  bfmoke. 

16.  We  convey'd  into  the  receiver,  a  little  pedeftal  of  wood,  in  the  midft  j^  ^^^j  ^^ 
of  which  was,  perpendicularly  erefted,  a  (lender  iron,  upon  the  iharp  ^'l^  y^^ 
point  whereof,  an  excited  needle  of  fted,  of  about  five  inches  long,  wasJi^Jt. 

&  placed,  that,  hanging  in  equilibrium,  it  could  move  freely  every 
way.  Then  the  ^  being  pump'd  out,  we  employed  a  load-ftone,  mode- 
rately vigorous,  totheoutudeofthe  glafs,  and  found  chat  it  attracted,  or 

repell'd 
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S"J"TepeU'd  the  ends  of  the  needle,  without  any  remarkable  difference  from 
'^^  what  the  fame  load-ftone  would  have  done,  had  none  of  the  air  been 
drawn  away  from  about  the  needle  ;  which,  when  the  load-ftone  was  re- 
mov'd,  rcfted,  after  fome  tremulous  vibrations,  in  a  pofition  north  and 
foutli. 
^J^«"^  17.  A  /lender,  and  very  exafi  cylinder  of  glafs,  near  three  feet  in 
"length;  its  bore,  a  quarter  of  an  inch  in  diameter  ;  being  hermetically 
fealed,  at  one  end,  was,  at  the  other,  filled  with  quick-fiher  ;  care  being 
taken,  that  as  few  bubbles  as  poflible,  ftiould  be  left  in  the  mer- 
cury. Then  the  tube,  being  ftbp'd  with  the  finger,  and  inverted,  was 
open'd  into  a  long,  flender,  cylindrical  box,  half  fill'd  with  quick-filver ; 
when  that  in  the  tube  fubfiding,  and  a  piece  of  paper  being  rafted  level  to 
•  its  upper  furface,  the  box  and  tube  were,  by  ftrings,  carefiiUy  let  down 
into  the  receiver ;  and  the  cover,  by  means  of  this  hole,  flipt  along  as 
much  of  the  tube,  as  reach'd  above  the  top  of  the  receiver:  the  interval 
left  betwixt  the  fides  of  the  hole,  and  thole  of  the  tube,  being  exquifitely 
fiJl'd  up  witl)  melted  diachylon  ;  and  the  round  chink,  betwixt  the  cover 
and  the  receiver,  likewise,  very  carefully  clos'd  ;  upon  which  clofure,  there 
appeared  no  change  in  the  height  of  the  mercurial  cylinder:  whence  the 
air  feems  to  bear  upon  the  mercury,  rather  by  virtue  of  its  fpring,  than 
of  its  weight  jfince  its  weight  could  not  be  fuppos'd  to  amount  to  above  two 
or  three  ounces;  which  is  inconfiderable,  in  comparifbn  of  fuch  a  cylinder  of 
mercury  as  it  would  fuftain.  Now  the  fucker  was  drawn  down,  and  imme- 
diately, upon  the  evacuation  of  a  cylinder  of  air,  out  of  the  receiver,  thequick- 
filver  in  the  tube  fubfided ;  and  notice  being  carefiiily  taken  of  the  place 
where  it  ftop'd,  we  work'd  the  pump  again,  and  mark'd  how  low  the  quick- 
filver  fell  at  the  fecond  exfuftion :  but, continuing thus,we  were  foonhinder'd 
fixwn  accurately  marking  theftages  in  its  dcfcent,  l>ecaufe  it  prefently  funk 
below  the  top  of  the  receiver :  10  that  we  could,  from  hence,  only  mark  it 
by  the  eye.  And  continuing  pumping,  for  about  a  quarter  of  an  hour,  we 
could  not  bring  the  quick-filver,  in  the  tube,  totally  to  fubCde.  Then  we 
let  in  fome  air  ;  upon  which,  the  mercury  began  to  re-afcend  in  the  tube, 
and  continued  mounting,  till  having  retum'd  the  key,  it  immediately  refted 
at  the  height  it  had  then  attain  a.  And  fo,  by  turning,  and  returnit^ 
the  key,  we  did,  feveral  times,  impel  it  upwards,  and  check  its  afcent ; 
till,  at  length,  admitting  as  much  of  the  external  air,  as  would  come  in, 
the  quick -filver  was  impell'd  up,  almoft,  to  its  firft  height ;  which  it  could 
not  nilly  regain,  becaufe  fome  little  particles  of  air  were  lodg'd  among 
thofe  of  the  quick-iilver,  and  rofe  in  bubbles  to  the  tc^  of  the  tube. 

It  is  remarkable,  that  having,  two  or  three  times,  try'd  this  experiment, 
in  a  fmall  veflel ;  upon  the  very  firft  cylinder  of  air  that  was  drawn  out 
of  the  receiver,  the  mercury  fell,  in  the  tube,  18  inches  and  a  half;  and, 
at  another  time,    19  inches  and  a  half. 

We,  likewife,  made  the  experiment  in  a  tube  lefs  than  two  feet  in 
length  ;  and,  when  there  was  fo  much  air  drawn  out  of  the  receiver,  that 
the  remaining  part  coiUd  not  counter-balance  tte  mercurial  cylinder,  it  fell 

above 
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above  a  fpan  at  the  firft  ftroke ;  and  the  external  air  being  let  in,  impell-d  P»««MATici 
it  up  again,  almoft  to  the  top  of  the  tube  :   fo  little  matters  it,  how  heavy  ^"^ 
or  hght  the  cylinder  of  quick-filver  be,  provided  its  gravity  overpower 
the  preffure  of  as  much  external  air,  as  bears  upon  the  furface  of  that  mer- 
cury into  which  it  is  to  fall. 

Laftly,  we  obferv'd,  that  if  more  air  were  impelled  up,  by  the  pump, 
into  the  receiver,  after  the  cjuick-filver  had  regain^  its  ufual  ftandard  m 
the  tube,  it  would  afcend  ftill  higher ;  and  inmiediately,  upon  letting  out 
that  air,  fall  again  to  the  height  it  reftcd  at  before. 

But,  in  order  to  fill  the  Torricellian  tube  with  exaftnefs,  the  edges  of 
the  open  end  fhould  be  made  even,  and  turned  inwards,  that  fo  the  ori- 
fice, not  much  exceeding  a  quarter  of  an  inch  in  ^liameter,  may  be  the 
more  eafily,  and  exa£tly  flop  d  by  the  finger ;  between  which,  and  the 
quick-filver,  that  there  may  be  no  air  intercepted,  it  is  reqiwfite  that 
the  tube  be  perfeftly  full,  that  the  finger,  preffing  upon  the  protuberant 
mercury,  may  rather  throw  fome  out,  than  not  find  enough  to  keep  out 
the  air  exa£bly.  It  is,  alfb,  an  ufeftil  way,  not  quite  to  fill  the  tube,  but 
to  leave,  near  the  top,  about  a  quarter  of  an  inch  empty  :  for,  if  you  then 
ftop  the  open  end,  and  invert  the  tube,  that  quarter  of  an  inch  of  air, 
will  afcend  in  a  great  bubble  to  the  top  ;  and,  in  its  pafTage,  lick  up  all 
the  little  bubbles,  and  unite  them  with  itfelf,  into  one  great  one.  So  that, 
if  by  re-inverting  the  tube,  you  let  that  bubble  return  to  the  open  end 
of  it,  you  will  have  a  much  clofer  mercurial  cylinder  than  before  •  and 
need  add  but  a  very  little  quick-filver  more,  to  fill  up  the  tube  ex- 
a&ly.  And,  laftly,  as  for  fuch  lefs,  and  invifible  parcels  of  air,  which 
cannot  be  thus  gathered  up,  you  may  endeavour,  before  you  invert  the 
tube,  to  free  the  quick-filver  from  them,  by  ihaki.ng  the  glafs,  and  gent- 
ly knocking  on  the  outfide  of  it,  after  every  little  parcel  of  quick-filver 
pour'd  in ;  and  afterwards,  forcings  the  bubbles  to  difcbfe  themfdves, 
and  break,  by  applying  a-  hot-iron  near  the  top  of  the  glafs' ;  which  will 
raife  the  bubbles  fo  powerfully,  as  to  make  the  mercury  appear  to  boil. 
I  remember,  that  by  carefully  filling  a  fliort  tube,  tho'  not  quite 'free  from  , 
air,  we  have  made  the  mercurial  cylinder  reach  to  thirty  inches,  and  a- 
bove  an  eighth ;  which  is  mentioned,  becaufe  we  have  round,  by  experi- 
ence, that  in  ihort  tubes,  a  little  air  is  more  prejudicial  to  the  experiment, 
than  in  long  ones. 

18.  We  fiU'd  a  glafs  tube,  about  three  feet  long,  with  mercury  ;  and^^^. 
having  inverted  it  into  a  veflel  of  other  ouick-filver,  that  in  the  tube,  ^^"JJJ! 
fell  (k)wn  to  its  ufual  height;  leaving  fome  little,  particles  of  air  in 
the  fpace  it  had  deferted  :  for,  by  the  application  of  hot  bodies,  to  the  up- 
per part  of  the  tube,  the  quick-filver  would  be  a  little  deprefsU  Laft- 
ly, having  put  both  the  tube,  and  the  veflel  whereon  it  refted,  into  a  con- 
venient wooden  fram^  we  placed  them  together  in  a  window  of  my  cham- 
ber. 

And  during  feveral  weeks,  that  the  tiibe  continued  there,  I  obferv^d, 
that  the  quick-filver  did^  fometimes  fiuntly  unicate  the  liquor  of  a  thermo- 

.    meter. 
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"I""',-  meters  fubfiding  a  little  in  warm,  and  rifing  a  licrle  in  cold  weather  ;  which 
"^^  we  afcrib'd  to  the  greater,  or  lefler  preflure  of  tliac  little  air,  which  re- 
main'd  at  the  top  of  the  tube,  expanded,  orcotidcns'd  by  the  heat,  or  cold 
of  the  ambient  air.  But,  the  quick-iilver  often  rofe,  and  fell  in  the  tube 
very  confiderabiy,  after  a  manner,  quite  contrary  to  that  of  weather-glaf- 
fes,  where  air  is  at  the  top ;  for  fometimes,  I  obferv'd  it,  in  very  cold 
weather,  to  fink  much  lower,  than  at  other  times,  when  the  air  was  eom- 
paratively  warmer.  And  ibmelimes,  tiie  quick-filver  would,  for  feveral 
days  together,  reft  almoft  at  the  fame  height ;  and  at  others,  it  would  in 
the  compafs  of  the  fame  day  confiderabiy  vary  its  altitude;  tho'  there 
appear'd  no  change,  either  in  the  air  abroad,  or  in  the  temper  of  that 
within  my  room,  norin  any  thing  elfe,  to  which  fucb  a  change  could  rea- 
Ibnably  be  imputed;  efpecially  confidering,  that  the  fpace  wherein  the 
mercury  continued  unfattled  for  five  weeks,  amounted  to  full  two  inches ; 
defcending  in  that  time  about  t4  of  an  inch  from  the  place  where  itfirft 
fettled,  and  afceuding  the  other  inch,  and  -t4  :  and  when  we  took  the  tube 
out  of  the  frame,  after  it  had  ftaid  there  part  of  November,  and  December^ 
s  large  fire  being  then  in  the  room,  we  found  the  mercurial  cylinder  to  be 

N^Urove  the  upper  iurface  of  the  ftagnant  mercury  29  -i  inches*. 
Such 


♦That  the  quick-filver  in  the  barometer 
Ihould  l!aDd  lower,  when  the  air  is  thick 
andmoift,  than  when  it  is  dry,  and  clear, 
feems  to  ovcrLhrow  the  theory  of  the  air's 
gravitation.  Indeed,  to  difcover  the  cau- 
feiof  Bllihcitiinurc  variations  in  the  air,  is 
»  very  difficult  ta<k.     The  winds  have  a 

Eeat  ihare  herein,with  the  vapours,  exha- 
lions,  and  expirations  of  the  earth  ;  per- 
liaps  alfo,  the  chknges,  which  happen  in 
the  adjacent  regions  ;  the  flux  and  reflux 
caufed  bv  the  moon  in  the  air,  no  lef^ 
than  in  the  Tea,  and  manv  other  particu- 
lars, are  not  unconcem'd.  Now,  the  air 
is  heavier,  than  the  vapours  it  fuftains  ; 
its  particles  being  more  grofs,  and  ariling 
irom  denfer  bodies,  than  the  panicles  ^ 
vapours.  But,  winds  a\ij  change  this 
weight  of  the  air,  in  any  particular  re- 
gion ;  either  by  bringing,  and  keeping  up 
more  air  over  it,  ai  may  eafily  happen, 
when  two  contrary  winds  blow  ;  or  hy 
fwceping  ic  away,  and  affording  room  for 
therubjaccnt  air  to  expand  itfclf;  as  may 
be  the  c«le,  when  two  oppolite  winds 
meet,  or,  when  only  one  blows  exceeding 
ftrong.  Thus,  'tis  fkSt,  that  violent  gufts 
make  the  mercury  in  the  barometer  great- 
ly to  fink  of  a  fudden.  The  cold  nitrous 
particlts  of  the  air,  or  the  air  itfelf,  being 
eondenfed    by  ctrid  in  the  ttortb,  una 


blown  to  another  quarter,  may,  not  onlj 
condenie  the  atmofphere,  but  make  it 
heavier.  Moreover,  heavy  dry  exhala- 
tions will  increafc  the  weight  of  the  air, 
(as  fults  and  mcKKU  dilfolv'd  in  proper 
menftrua,  increafe  the  fpecific  gravity 
of  ihem  ;)  and  perhaps,  a[  the  fame  time, 
add  to  its  elafiicity.  Again,  the  air,  by 
ihefe,  or  the  like  caufcs,  being  rendred 
heavier,  is  the  more  able  to  fuftain  the  va- 
pours;  which- therefore  coming  to  be  in- 
timaielv  mix'd  therewith,  and  floating  e- 
wery  wtiere  uniformly  therein,  render  it 
fair  and  clear.  But,  when  From  contrary 
caufcs  it  becomes  lighter,  'tis  rendred  un- 
able to  fufiain  the  vapours,  which  always 
opprcfs  it ;  fo  that  being,  as  it  were,  preci- 
pitated together,  they  form  clouds,  and 
running  into  drc^s,  fall,  by  their  increafed 
gravity,  to  the  earth.  Hence  we  fee, 
what  caufes  render  the  air  heavier,  and 
more  able  to  fuftain  the  quick-iilver  in 
the  barometer,  namely,  fuch  as  make  the 
air  clear  and  diy :  but  the  caufes,  which 
render  the  air  light  and  unfit  to  fuftain 
the  mercury,  produce  rain.  When  there- 
fore, the  air  is  lighteft,  and  the  mercury 
in  the  barometer  loweft,  the  clouds  ap- 
pear very  low,  and  in  very  fwift  ii^otion ; 
and  the  air  having  clear'd  itfelf  of  its 
cloodl  by  rUDf  becwaet  very  bright  and 
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Such  an  inequality  in  the  rife,  and  fall  of  the  mercury  will,  I  fear,  ren-^»";j«"«<?«. 
der.  it  difficult  to  determine  by  the  barometer,   whether  the  moon  be  the  ^■^▼^i"' 
caufc  of  the  tides,  efpedally,  till  the  reaibn  of  this  odd  phenomenon  be 
certainly  known  ;  which  ftems  Drincipally  to  depend  upon  confiderable  al- 
terations in  the  air,  in  point  of  rarity  and  denfity. 

19.  We  took  a  tube  of  glafs,  about  four  feet  in  length,  hermetically  AUheieptri* 
fcal'd  at  one  end,  filfd  it  with  common  water,  and  inverted  the  open  end,  ^.^Jr"''^'  ^** 
beneath  the  furface  of  a  veflcl  of  water.    Then  this  veflfel,  with  the  tiibe  ^ 

in  it,  being  let  down  into  the  receiver,  the  pump  was  fct  on  work  /  when,  till 
the  receiver  was  moderately  exhaufted,  the  tube  continued  quite  full  of  wa- 
ter ;  it  being  requifite,  that  a  ^eat  part  of  the  air  oontain'd  in  the  receiv^ 
er  (hould  be  drawn  out,  to  bring  the  remaining  to  an  equilibriiun,  with 
fo  fhort  a  cylinder  of  water.  But,  when  once  the  water  b^n  to  fall  in 
the  tube,  each  exfuftion  of  air  made  it  defcend  a  little  lower;  tho'  nothing 
r.ear  fo  much,  nor  fo  unequally,  as  the  quick-filver  did.  The  lowefl^ 
we  were  able  to  draw  down  the  water,  was,  to  about  a  foot  above  the 
furface  of  that  in  the  veflel.  And,  when  the  water  was  drawn  down  thus 
low,  we  found,  that  by  letting  in  the  outward  air,  it  might  be  immedi- 
ately impeli'd  up  again,  to  the  higher  parts  of  the  tube. 

Upon  making  this  experiment  in  a  fmall  receiver,  we  obfervM,  that 
at  the  firft  exluftion  ot  the  air,  the  water  ufually  fubfided  feveral  inch- 
es; and  at  the  fecond,  fometimes  near  two  feet ;  whereupon  letting  in 
the  external  air,  the  water  was  impelled  up,  with  a  very  great  velocity. 

20.  That  the  air  hath  a  confiderable  elaftic  power,  we  have  abundantly  jrhnher  roster 
proved:  but,  whether  water  participates,  in  any  meafure,  thereof,  feems^'''^"' 
hitherto,  to  have  been  fcarce  confider'd. 

Into  a  large  glals  bubble,  with  a  long  neck,  we  pour'd  common  water, 
till  it  reachM  about  a  fpan  above  the  bubble  ;  and  a  piece  of  paper  being 
pafted  thereon,  we  put  it,  unftoppM,  into  the  receiver  \  when,  the  pump 


tnmfpArent,  (b  u  to  afford  an  excellent 
profpeQ  of  remote  oVfi&u  But,  when  it 
It  heavy,  and  the  auick-filver  ftandf  hi^h 
in  the  barometer,  tbe  heavens  appear  fair, 
but  (bmewhat  thick,  by  reaibn  of  the  va- 
pourt»  every  where  equally  difperied 
therein,  and  is  lefs  fit  to  afford  a  good 
view  of  obje&s  at  a  diftance.  And  if  any 
clouds  are  fcen,  they  be  very  hieh,  and 
move  flow.  When  tne  air  is  at  tne  hea- 
vieft,  thick  clouds  Ibmetimes  cover  the 
earth,  confifting  probably  of  fuch  exhala- 
tions, as  the  air,  at  that  time*  if  anaUe 
to  fuftain;  and  which,  cannot  float  there- 
in, when  'tis  light.  In  our  climate,  the 
barometer  ftands  higheft,  when  the  wea- 
ther is  coldeft,  and  when  the  eaft,  or 
north-eaft  winds  blow  ;  becaufe,  at  that 
time,  two  winds  blow  together,  from  op- 
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polite  parts ;  for  in  the  AiUintU  ocean,  at 
the  d^ee  of  latitude  anfwering  to  ours, 
the  wmd.  alrooft  continuallv  blows  weft ; 
and  when  the  north*wind  blows,  an  air 
condens'd  by  cold  is  brought  to  us.  Farther, 
in  the  moft  northern  r^iont,  the  height  of 
the  barometer  varies  more,  ths^  in  the 
fouthcm ;  the  winds  being  there  more 
ftrong,  changeable,  and  contrarv  to  one 
another,  on  a  fmall  traQ  of  land;  where- 
by, at  one  time,  they  heap  up,  and  con- 
denfc  the  air,  and  at  another,  fwcep  it  a- 
way,  and  rariiy  it.  Lafilv,  the  barome- 
ter varies  leaft  between  tne  tropics,  be- 
caufe the  wind  is  there  almoft  always 
gentle,  and  blows  the  fam^.  way.  See 
CUsth,  AmmU$.  in  Robdult.  &  Fhlif  Tranf* 
No.  18 1«  29a. 
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j*5J^- was  work'd,  after  die  ufual  manner,  and  a  confiderablc  pan  of  the  air 
^^^^  i;i  the  receiver  drawn  out,  before  we  difcem'd  any  expanfion  o£  the 
water  ;  but  continuing  to  pump,  the  water  manifcftly  began  to  afcend  in 
the  ftem  of  the  glals,  and  feverai  bubbles,  from  the  lower  parts  of  the  vef- 
fel,  made  their  way  thro'  the  liquor  to  the  top  of  it,  and  there  broke  into 
the  receiver.  After  the  water  once  appear'd  to  fwell,  at  each  time  die 
airwasiet  out  from  the  receiver  into  the  pump, the  water  in  the  neck  of  the 
glals,  fuddenly  rofe,  about  the  breadth  of  a  barley-corn,  and  fo  by  de- 
grees attain'd  to  a  confiderable  heiglit,  above  the  mark.  And  at  length, 
the  external  air,  being  fuddenly  re-admitted,  the  water  immediately  fuofi- 
ded,  and  defertcd  all  the  additional  Tpacc,  it  had  gain'd  in  the  glals. 

21.  We  convey 'd  into  the  receiver  a  new  glafs-vial,  capable  of  holding 
about  lix  or  feven  ounces  of  water  ;  into  which  we  had  before-hand  put  only 
two  or  three  fpoonfuls  of  that  fluid,  and  ftopp'd  it  clofe  with  a  tic  cork. 
The  receiver  being  emptied,  there  appear'd  no  change  ia  the  inclofcd 
water;  the  air,  imprifon'd  with  it,  not  having  the  force  to  blow  out  the 
ftopple.  Wherefore,  we  again  put  in  the  vial,  lefs  firmly  clofed  than  be- 
fore ;  but  when  the  air  was  pumped  out  of  the  receiver,  that  within  the 
\-i3l  quickly  found  little  paffages  to  get  out  at ;  for  when  the  vial  was  put 
in  the  time  before,  the  water  remain'd  all  the  while  perfetftly  free  from 
bubbles ;  but  now  the  bottom  of  the  glafs  appear'd  all  cover'd  with  them, 
which,  upon  the  return  of  the  exciuded  air,  prefently  flirunk  up. 

Hence  it  feem'd  deducible,  that,  whilft  the  vial  continu'd  well  ftopp'd,  . 
the  included  water  iuftain'd,  from  the  air  flint  up  with  it,  a  prelTure  equal 
CO  that  of  the  atmofphere;  fincc,  till  the  air  could  get  out  of  the  glaTs, 
there  appear'd  no  bubbles  in  the  water,  notwithftanding  the  want  of  pref- 
fure  in  the  ambient  body. 

But,  further,  we  caufcd  a  convenient  quantity  of  water  to  be  hermeti- 
cally feal'd  up  in  a.-  glafc-egg,  whofe  long  neck  was  faften'd  to  one  end  of 
allring,  the  other  end  whereof  was  ty'd  to  the  cover  of  our  receiver;  then 
the  egg  being  convey'd  into  the  receiver,  and  that  being  evacuated,  we, 
by  turnmg  the  brafs-ftopple,  fo  ftiorten'd  the  firing,  as  to  break  the  glafs; 
whereby  liberty  being  given  to  the  air  imprifon'd  m  the  egg,  to  pals  into 
the  receiver,  its  fudden  recefs  made  fd  many  bubbles  appear  immediately, 
and  afcend  fo  fwiftly  in  the  water^  chatcheir  motion  look'd  like  that  of  a 
violent  fliower  of  rain  ;  except  that  the  bubbles  did  not,  like  the  drops  of 
rain,  tend  downwards,  but  upwards ;  as  happens  in  the  diffolution  of  leed- 
pearl,  in  fome  very  acid  menftruum,wherein,  if  a  large  quantity  of  the  pearls 
be  caft  whole,  they  will,  at  firft,  be  carry 'd  in  fwarms  from  the  bottom  to 
the  top  of  the  liquor.  And,  without  fealing  up  the  glafs,  tlus  experiment 
may  be  try'd  in  a  fmall  receiver  :  for  the  air  may  here  be  drawn  out  fo 
foon,  that  the  bubbles,  lurking  in  the  water,  will,  immediately,  difplay 
themfelves,  and  afcend  in  throngs.  So  that,  having  made  the  experiment, 
in  fuch  a  receiver,  with  red  wine,  inftead  of  water,  the  wine  appear'd 
all  cover'd  with  a  large  vanifhing  white  froth. 

22.   To 
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42.  To  difcover  whether  the  expanfion  of  the  water  reallv  proceeded P'^um^ici. 
from  an  elaftic  power  in  the  parts  ot  that  fluid  ;  we  fillM  a  glaw-vial,  with  *  ^^^^ 
a  pound  and  iome  ounces  of  water,  and  then  put  into  it  a  glafs-pipe, 
open  at  both  ends,*  and  feveral  inches  in  length,  lo  as  to  reach  a  little  be- 
low the  neck ;  then  we  carefully  cemented  it  thereto,  that  no  air  might 
come  into  the  vial,  nor  any  water  get  out  of  it,  but  thro'  the  pipe ;  and 
the  pipe,  being  warily  fiUd  about  halfway  with  water,  and  a  mark 
being  pafted  over-againft  the  upper  furface  thereof,  the  whole  was,  by 
ftrings,  let  down  into  the  receiver :  when,  pumping  out  the  air,  the  wa- 
ter in  the  pipe  began  to  rife,  while  fome  little  bubbles  difcover 'd  them- 
felves  on  its  fides ;  and,  foon  after,  the  water  ftill  fwelling,  there  appeared, 
at  the  bottom  of  the  pipe,  a  bubble,  about  the  bignefs  of  a  fmall  pea  ; 
whidi,  afcending  thro'  the  tube  to.  the  top  of  the  water,  ftaid  there  a 
while,  and  then  broke.  But  the  pump  being  nimbly  ply'd,  the  expanfion 
of  the  water  fo  incrcafed,  that,  quickly  gettmg  up  to  the  top  of  the  pipe, 
fome  drops  of  it  began  to  run  down  along  the  outfide  of  it ;  which  obli- 
ged us  to  forbear  pumping  a  while,  and  let  it  fubfide,  as  it  did,  within 
lefs  than  two  inches  of  the  bottom  of  the  pipe.  Then  the  pump  being 
again  fet  on  work,  the  bubbles  began  to  afcend  from  the  bottom  of  the 
pipe  ;  of  which  we  reckoned  about  fixty  large  ones,  that  afcended  one 
after  another-  And,  at  length,  letting  in  the  external  air,  the  water,  in 
jhe  pipe,  inftantly  feU  down  almoft  to  the  bottom  of  it. 

When  the  greater  part  of  the  air  had  been  pump'd  out  of  the  receiver, 
the  bubbles  aicended  fo  very  flowly  in  the  pipe,  that  their  progrefs  was 
fcaice  difcernible ;  their  magnitude  not  t)ermitting  them  fufficiently  to  ex- 
pand themlelves  in  the  cavity  of  the  glafs,  without  preflEng  againft  the  fides 
of  it.  And,  what  feems  ftrange,  thefe  bubbles  were  commonly  much 
larger  than  thofe  which  rofe  before  them  ^  fome  of  them  being  equal  in 
bulk  to  four  or  five  peas. 

And  tho',  in  ordinary  bubbles,  the  air,  together  with  the  thin  film  of 
water  that  invefts  it,  commonly  fwells  above  the  furface  of  the  water,  and 
conftitutes  hemifphcrical  bodies ;  the  little  parcels  of  air,  that  came  up 
after  the  receiver  was  tolerably  emptied,  did  not  make  protuberant 
bubbles  5  but  fuch,  whofe  upper  furface  was  either  level  with,  or  beneath 
that  of  the  water :  fo  that,  the  upper  furface  being  ufually  fomewhat 
convex,  the  lefs  protuberant  parts  had  a  quantity  of  water  above  them. 

We  farther  obfervM,  that,  in  the  bubbles  which  firft  appeared,  the  af- 
cending air  made  its  way  upwards,  by  dividing  the  w^ter  thro*  which  it 
pafs'd  ,•  in  thofe  that  rofe  at  the  latter  end  o£  the  ertjeriment,  the  af- 
cending parcels  of  air,  having  now  little  more  than  the  weight  of  the  in- 
cumbent water  to  furmount,  were  able  to  expand  themfelves,  fo  as  to  fill 
that  part  of  the  pipe  which  they  pervaded,  and,  by  prefllng  every  way 
againft  the  fides  of  it,  to  raife  what  water  they  found  above  them,  with- 
out letting  any  confiderable  quantity  glide  down  along  the  fides  of  the 
g^afs :  fo  that,  fometimes,  we  could  Tee  a  bubble  thruft  on  before  it  a 
y^hole  cylinder  of  water,  perhaps  an  indi  high,  and  carry  it  up  to  the  top 
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&i**ii:i.of  the  pipe  J  tho*,  upon  letting  in   the  external  air,  chefe  bubbles  fud- 

^^^^-^  denly  vaniJh'd. 

Hence  it  appears,  that  the  air,  and  other  bodies  under  water,  may  be 
prefs'd  upon  us  well  by  the  acmofphere,  as  by  the  weight  of  the  incum- 
bent water.  Hence,  likewife,  it  cannot  from  the  preceding  experiment 
be  fafely  concluded,  that  water  uncomprefled,  has  an  claftic  power  i 
fioce  the  ititumefcence,  produced  in  that  experiment,  may  be  alcribed  to 
the  luimeroiis  little  bubbles  produced  in  water,  freed  from  the  preffiire  of 
the  atmolphere.  And  hence,  laftiy,  it  fccms  probable,  that,  in  the  intcr- 
fticcs  of  water,  there  lie  conceal'd  many  parcels  either  of  air,  or  Ibrae- 
thing  analogous  thereto ;  tho'  fo  very  fmall,  tliat  they  ha^e  not  been  hither- 
to ful'pefted  to  lurk  there. 

a  J.  It  may,  indeed,  be  conjednr'd,  that  thcfc  bubbles  proceed  not 
fo  much  from  any  air  in  the  water,  as  from  the  more  fubtJle  parts  of  the 
water  itfelf. 

\Vc,  therefcffc,  repeated  our  former  expciimcnc,  in  a  three-foot  tube, 
fill'd  with  water,  and  in  a  fmall  receiver ;  and  fotmd,  that,  upon  the  fubli- 
ding  of  the  fluid,  fo  many  bubbles,  vilibly  broke  into  the  upper  part  of  the 
tube,  that,  having  afterwards  let  in  the  external  air,  the  water  was  not 
thereby  impell'd  to  the  top,  within  more  than  half  an  inch.  Then  we, 
again,  drew  the  air  out  of  the  receiver,  and  found,  that,  by  reafon  of  the 
body  which  poflefs'd  the  top  of  the  tube,  we  were  able,  not  only  to  make 
the  waterfall  to  a  level,  with  the  furface  of  that  in  the  velTcl;  but  alfb  a 
great  way  beneath  it.  Now,  fmce  this  could  not  well  be  afcribed  to  tJie 
bare  fubfiding  of  the  water  by  its  own  weight,  the  water  feems  to  have 
been  depretfea  by  the  air.  And,  indeed,  the  furface  of  the  water,  in  the 
tube,  was  much  more  concave  than  ufual.  And,  by  the  way,  when  the 
water,  in  the  pipe,  was  fimk  .ilmofl:  as  low  as  the  water  without ;  we  ob- 
ierv'd,  that,  by  the  bare  application  of  the  hand,  moderately  warm,  to  the 
deferted  part  of  the  tube,  the  remaining  water  would  be,  Suddenly,  cotifi- 
derably  deprefs'd.  And  having,  for  a  while,  held  a  kindled  cod  to  the 
outfide  of  the  tube  ;  the  air  was,  by  the  heat,  To  far  expanded,  that  it 
quickly  drove  the  water  to  the  bottom  of  the  tube,  which  reftcd  leveral 
inches  below  the  furface  of  the  ambient  water.  Hence  it  appears,  that 
the  air,  when  expanded  to  between  ninety,  and  a  hundred  times  its  natu- 
ral dimeniions,  will,  yet,  readily  admit  of  a  much  farther  rarifeftion,  by 
heat. 

But,  to  proceed ;  in  cafe  our  bubbles  were  produced  by  air,  lurking  in 
the  water  j  that  air  being  got  together  at  the  top  of  the  tube,  I  imagin'd, 
if  the  receiver  were  again  exluufted,  bubbles  would  not  rife,  as  be- 
fore :  and,  accordingly,  the  air  being  again  pumped  out,  the  water,  in  the 
tube,  defcended;  but,  for  a  great  while,  we  fcarce  law  one  bubble  appear ; 
only  when  the  receiver  had  been  very  much  exhaufted,  and  the  water 
fiillen  very  low,  we  di&over'd,  near  the  bottom  of  the  tube,  &me  little 
«KS,  which  £eem*d  to  confift  of  iuch  parcels  of  air,  as  had  not,  by  rea- 
fon 
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4bn  of  their  finallnefs,  got  up  to  the  top  of  the  water,  with  die  more^»»*««A*«5* 
bulky  and  vigorous  fort.  And  having,  by  letting  in  the  air,  forced  up  Vi^'V^/ 
the  water  into  the  tube,  we  could  not  perceive  that  it  afcend^  near  the 
top,  tho*  the  engine  remained  unemployM  for  two  or  three  nights  togo* 
ther.  Having,  alfo,  try'd  a  like  experiment  with  quick-filver,  inftead  <^ 
water,  in  a  tube  about  a  foot  and  a  half  long ;  upon  drawing  down 
the  quick-filver  as  low  as  poflible,  and  letting  in  the  external  air,  wfe 
found,  that  fome  lurking  particles  of  air  were  got  up  to  the  top  of  the 
tube,  and  hinder'd  the  auick-filver  from  rifing  to  that  height  again.  And, 
tho'  the  mercury  were,  by  this  means,  brougnt  to  appear  as  a  very  clofe 
cylinder ;  yet  the  air,  in  the  receiver,  being  again  evacuated,  I  could  per- 
ceive feveral  little  bubbles  faften'd  to  the  infide  of  the  tube,  near  the  bot- 
tom. And,  having  piu'polely  watched  one  or  two  of  the  principal,  I  ob- 
fervM,  that  tho*  they  grew  gradually  bi^er,  as  the  furface  or  the  fner- 
curial  cylinder  fell  nearer  to  them ;  fo  that,  at  length,  they  fwell'd  to  a 
confiderable  bulk  j  yet,  upon  letting  in  the  air,  they  did  not  break,  but 
prefently  ihrunk  up,  till  they  became  invifible. 

Hence,  it  feems  highly  probable,  that,  even  in  the  clofeft,  and  moft 
ponderous  liquors,  an^  therefore,  much  rather  in  water,  there  may  lurk 
undifcernible  parcels  of  air,  capable,  upon  the  removal  of  the  preflure  of 
the  atmofphere,  and  that  of  the  liquor  wherein  it  lurks,  to  produce  con- 
fpicuous  bubbles. 

From  thefe  feveral  particulars,  it  feems  plain,  that  the  bubbles  we  have 
been  treating  of,-  were  produced  by  fuch  a  fubftance,  as  may  be  properly 
enough  call'd  air  i  tho*  we  do  not,  pofitively,  determine,  whether  air  be  a 
primc^enial  body,  that  cannot  be  generated,  or  tum'd  into  water,  or  any 
other  body.  This  feems  an  important  queftion,  and  might  greatly  conduce 
to  explain  the  nature  of  the  air. 

Many  naturalifts  efteem  the  air  to  be  ingenerable,  and  incorruptible  ;  and  whether aW  mmy 
plaufible  reafons  may  be  drawn,  to  countenance  this  opinion,  from  the  t'^^i^,'^''*  ^ 
permanency  required  in  the  corporeal  principles  of  other  bodies.  Schot- 
tus  tells  us,  that,  in  the  Mufaum  Kircherianutn,  there  is  a  glafs,  near 
half  full  of  ordinary  fpring-water,  which,  having  been  hermetically  feal'd 
up  by  the  famous  Clavius,  is,  to  this  day,  preierv'd  not  only  clear  and 
pure,  but  without,  in  the  leaft,  turning  into  air,  tho*  it  has  flood  for 
fifty  years. 

Nor  doth  it  appear,  in  thofe  glaflcs  which  are  hermetically  feafd  for 
chy mical  ufes,  tmt  the  included  air,  during  its  long  impriibnment,  not- 
withftanding  the  alteration  it  receives  from  various  degrees  of  heat,  dif- 
cemibly  alters  its  nature ;  whilft  we  plainly  perceive,  in  digefticms  and  di- 
ftillations,  that,  tho*  water  maybe  rarifyd  into  vapours;  yet  it  is  not, 
really,  changed  into  air,  but  only  divided  by  heat,  and  dififiued  into  very 
minute  parts ;  which,  meeting  together,  prefently  return  to  fuch  water 
as  they  conftituted  before.  And  even  fpirit  of  wine,  and  other  fubtile  and 
fugitive  fpirits,  tho'  they  readily  fly  mto  the  air,  and  mingle  with  it,  do 
yet,  in  the  glailes  of  chymifts^  eaiily  refume  the  foim  of  liquors.    And  fo 
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K'"'*- volatile  Cilts,  tho*  they  will  readily  difperfe    themfelves  in  the  air,  flnil 
^^^^  play  up  and  down  the  capacity  of  a  receiver  ;  yet,  after  a  while,  faftcn 
themfelves  to  the  infide  thereof,  in  the  form  of  I'aUs. 

And  the  experiment  made  in  our  engine,  with  a  piece  of  match,  feems 
to  (hew,  that  even  thofe  light  and  iiibrilc  fumes,  into  which  tlie  fire  itfdF 
ftiattcrs  dry  bodies,  have  no  fuch  fpring  as  that  of  the  air  j  fince  they 
were  unable  to  hinder  the  espanfion  of  the  air,  included  in  a  bladder  they 
furrounded.  yefephus  Acofia^  indeed,  tells  us,  that  he  faw,  in  the  IVeJl- 
ladiet,  (bme  grates  of  iron  fo  rufted  and  confumed  by  the  air,  that  the 
metal  crumbled  between  the  fingers,  was  like  parcnd  ftraw.  yaie~ 
Htus,  alfo,  tells  us,  that,  in  the  iflands  call'd  Aures,  the  air  is  fo  fharp, 
as,  in  a  fhort  time,  to  fret  not  only  iron-rlates,  but  the  \'eiy  tiles  upon 
the  roofs  of  houfes,  and  reduce  them  to  duft.  But  it  may  be  laid,  that 
thefe  authors  afcribe  fuch  eftedts,  chiefly,  to  the  winds  ;  and  that 
the  corroiion  of  the  iron  may  proceed  not  from  the  air  itfelf,  or  any 
of  its  genuine  parts ;  but  from  Ibme  faline  corpufcles  difperfed  thro'  it, 
and  driven,  by  the  winds,  againft  the  bodies  it  is  prefiamed  to  fret. 

But,  to  try  whether  water  could  be  tnrn'd  into  air,  we  fiU'd  an 
a;olipilc  therewith  ;  and  placing  it  upon  kindled  coals,  ^vhen  the  heat  forc'd 
out  a  veiiement  ftream  of  aqueous  vapours,  we  ty'd  an  empty  bladder 
about  the  neck  of  it ;  and  finding  the  aolipile,  after  a  while,  to  blow  up 
the  bladder,  we  carefully  ty'd  ic  again,  that  the  included  fubftance  might 
not  get  away.  Then  fiipping  it  oft  from  the  aolipile,  we  convey'd  it  into 
our  exhaulted  receiver,  and  found,  that  the  included  fubftance  expanded 
to  a  much  greater  bulk  than  before.  And,  having  again  taken  out  the 
bladder,  we  fuffer'd  it  to  remain  ty'd  up  till  the  next  morning,  when  ic 
appear'd  little  lefs  tumid:  but,  upon  repeating  the  experiment,  I  found 
it  very  difficult  to  make  it  fo  accurately,  as  to  ihcw,  that  water  may  be 
rarify'd  into  true  air. 

On  the  other  hand,  we  found,  by  experience,  that  water,  rarify'd  into 
vapour,  may,  for  a  while,  rcfemble  the  elaftic  power  of  the  air.  For,  if 
you  fill  a  convenient  zolipile  with  water,  and  lay  It  upon  quick-coals,  you 
may,  after  a  while,  obferve  fo  great  a  preffure  of  fome  of  the  parts,  con- 
tained in  it,  upon  others ;  that  the  water  will,  fometimes,  be  thrown  up 
into  the  air,  aoove  three  or  four  feet  high.  And,  if  you  then  take  the 
xolipilc,  almofl:  red-hot,  from  the  fire,  you  may  perceive,  that  the  water 
will,  for  a  confiderable  time,  be  fpouted  out  in  a  violent  ib-eam.  And, 
if  there  remains  but  httle  water  in  the  zolipile,  when  'tis  thus  taken  from 
the  fire ;  immerfing  the  neck  of  it  into  cold  water,  you  will  find,  that, 
after  it  begins  to  draw  fome  of  it  in,  there  will  be  generated,  from  time 
to  time,  many  lai^  bubbles  in  that  water  wherein  the  neck  was  plunged. 
Thefe  bubbles  feem  manifeftly  to  proceed  frt>m  hence,  that,  for  a 
while,  the  heat,  in  the  a*olipile,  continues  ftrong  enough  to  rarify  part  of 
the  water  that  isfuck'din,  and  expel  it,  in  the  form  ofvafwurs,  thro* 
that  incumbent  on  the  pipe.  If,  alfo,  when  the  a»>lipile  is  almoft  full  of 
^trater,  you  hold  a  fire-brand  in  chat  ftream  of  vapours  which  ilTues  out 
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tf  the  tjarrow  mouth  thereof^  it  will  be  veiy  ftnmgly  blown  with  a  eon- ^*J^J^;»»' 
fiderabie  noifc.    And  it  has  been  obferved,  that,  by  placing  the  brand  ^^^'^^ 
almoft  at  the  mouth  of  the  aeolipile,  the  wind  appeared  more  vehement, 
than  if  it  were  held  fome  inches  from  it. 

The  elaftic  power  of  this  ftream,  indeed,  fcems  manifeftly  owing  to  the 
heat  that  expands,  and  agitates  the  aqueous  particles  thereof  i  and  fuch 
rapid  winds  fcem  to  be  but  water  broke  into  little  parts,  and  put  in  mo- 
tion ;  Cince,  by  holding  a  folid,  finooth,  and  clofe  body  againft  it,  the  va- 
pours condenfing  thereon,  will  prefently  cover  that  body  with  water. 

But  Khcher  relates  a  remarkable  experiment,  which  feems  to  Ihew,  that 
water  is  convertible  into  air.  He  tells  us,  that  he  made  an  hydraulic  or^ 
gan,  which  was  fupplied  with  wind  after  the  following  manner.  "  There  ^^-  js. 
•^  was  built  a  little  chamber  A  H,  five  feet  high,  and  three  broad,  with 
**  two  tranfvevfe  partitions  C  D,  and  E  F,  perforated  like  a  fieve  \  under  thefe 
**  ran  a  pipe  G,  which  carried  the  water  that,  by  a  ftop-cock,  was  let  out  at 

H :  the  water,  therefore,  rufliing  in  violently  at  G,  excited  a  very  great 

wind  within  j  which  bringbg  too  much  moifture  along  with  it,  the 
**  partitions  were  contrived  to  purge  it  therefirom,  that  it  might  be  con- 
•*  vey'd  more  piire  thro'  the  pipe  A  :  but  to  render  the  air  Hill  more  pure, 
**  we  made  a  fpiral  tube  of  lead  Q^R,  and  inferted  it  into  the  veflel  S  : 
•*  by  which  means  the  air  arrvied  at  the  organ,  thro'  the  orifice  Z,  as  dry 
•*  as  if  it  had  come  out  of  an  oven'*. 

Now,  if  the  wind  that  blows  the  organ  here,  doth  not,  upon  the  cef- 
fation  of  its  unufual  agitation,  gradually  relapfe  into  water,  I  ihould 
ftrongly  fiifpeft,  that  'tis  poffible  for  water  to  be  eafily  tum'd  into  air  ; 
for  it  can  fcarce  feem  probable,  that  fo  little  air,  as  is  commonly  contained 
in  water,  (bould  be  able,  in  fo  fmall  a  quantity  of  water,  as  feems  here  env- 
ploy'd,  to  make  fb  violent  a  wind  as  our  author  fpeaks  of  I,  therefore, 
fufpe^  that  the  wind,in  this  cafe,  may  be  produced  by  fmall  particles  of  the 
water  it  felf,  forcibly  cxpell'd  out  of  the  chamber  into  the  organ.  And  tho' 
no  heat  intervenes,  perhaps,  motion  alone,  if  vehement,  may  fuffice  to 
break  water  into  very  minute  parts,  and  make  them  afcend  upwards,  if 
they  cannot,  otherwile,  more  eafily  ,  continue  their  agitation.  For,  I  re- 
member, that  betwixt  Lyons  and  Geneva^  where  the  Rhone  is  fuddenly  ftrait- 
ned  by  two  rocks,  exceedingly  near  each  other,  that  rapid  ftream,  dafli- 
ing,  with  great  impetuofity,  againft  them,  breaks  part  of  its  water  into 
fuch  minute  coipufcles,  and  gives  it  fuch  a  motion,  that  a  mift,  as  it  were, 
may  be  obferv  d  at  a  confiderable  diftance,  arifing  from  the  [dace,  and 
afcending  high  into  the  air.  But,  it  feems  odd,  that  acjueous  vapours 
fiiould,  like  a  dry  wind,  pafs  thro'  fuch  a  long  winding  pipe  of  lead,  as 
that  defcribed  by  our  author ;  fince  we  fee,  in  the  heads  ot  ftills,  and  in 
the  necks  of  «olipiles,  fuch  vapours  arc  prefently,  even  by  a  very  little 
cold,  condenfed  mto  water. 

We  took  a  dear  glafs  bubble,  capable  of  containing  three  ounces  of  wa- 
ter, with  a  long  and  wide  cylindrical  neck  ;  this  we  fiU'd  w:?h  oil  of  vitri- 
ol, and  fair  water,    of  each  almoft  a  like  quantity  •  and  cafting  in  fix 
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•rmall  iron  nails,  we  ftop'd  the  mouth  of  the  glafs,  which  was  now  ftilf  1 
^^^^ of  liquor,  with  apiece  of  dinpalma,  and  fpcedily  ijivcrtiiig   the  bubble, 
we  put  the  neck  oi  it  into  a  fmall  wide-mouth'd  glals,  with  more  of  the    ' 
fame  liquor  in  it ;  and  as  fooii  as  the  neck  had  reach 'd  the  bottom  of  the 
liquor,  there  appear'd,  at  the  upper-pare  of  the  vial,  a  bubble,  about  the 
bignefs  of  a  pea,  which  feem'd  rather  to  confift  of  new  fmall  bubbles, 
produc'd  by  tlie  aftion  of  the  difToIviae  liguor  upon  die  iron,  than  any    I 
parcel  of  the  external  air,  that  might  T)e  lufpefted  to  have  got  in  upon    , 
ttie  inverlion  of  theglafs  ;    elpecially  lince  we  allow'd  time  to  thofe  little 
particles  of  air,  wliich  were  carried  down  with  the  nails,  to  fly  up  again  : 
*Bd,  toon  after,  we  perceiv'd  the  bubbles,  produced  by  the  a^ion   m"  the 
mciiftruum  upon  the  meral,  afcending  in  fwarms  to  the  former ;  and  break- 
ing into  it,  they  loon  exceedingly  increas'd  it,  and,  by  degrees,  deprcfs'd  the 
I  water,  till,  at  length,  the  fubftance  contain'd  in  thete  bubbles,  poflefs'd 

the  whole  cavity  of  the  \'ial,  and  moft  of  its  neck  too  ;  reaching  much  lower 
therein,  than  the  furface  of  the  ambient  liquor,  wherewith  the  open- 
mouth'd  glafs  was,  by  this  means,  almoft  repleniflied.  We  fuffer'd  both 
the  vial,  and  tiie  oren-mouth'd  glal's,  to  remain  as  they  wxre,  in  a  win- 
dow, for  thi-ec  or  four  days  and  nights  together  ;  but  often  looking  upon 
them,  during  that  time,  as  well  as  at  the  expiration  of  it,  the  whole  ca- 
vity of  the  "lafs  bubble,  and  moft  of  its  neck,  feem'd  to  be  poflefs'd  by 
air ;  fmce,  oy  its  fpring,  it  was  able,  for  fo  long,  to  hinder  the  expell'd 
liquor  that  lurroundeuit,  from  regaining  its  former  place.  And  juft  be- 
fore wc  took  the  vial  out  of  the  other  glafs,  upon  the  application  of  a  warm 
hand  to  the  convex  part  of  the  bubble,  the  imprilbn'd  fubftance  readily 
dilated  itfelf,  like  air,  and  broke  thro'  the  liquor  in  feveral  fucceeding 
bubbles. 

Having  alfo,  at  another  time,  made  the  like  experiment,  with  a  fmall 
vial,  and  nails  diflblv'd  in  Aqua  fortis,  we  found  it  fucceeded  as  the  fore- 
going. And  here  we  obftrv'd,  that  the  fteams  newly  generated,  did  not 
only  poflefs  almoft  the  whole  cavity  of  the  glafs,  but  feveral  times,  of 
themlelves,  broke  away  in  large  bubbles,  thro'  the  ambient  liquor  into  the 
open  air  :  whence  thcfe  experiments  feem'd,  manifeftly,  to  prove,  that,  in 
general,  air  may  be  generated  de  mvo. 

And  if,  according  to  the  mechanical  hypothefis,  the  difierence  of  bodies 
proceeds  but  from  the  various  magnitudes,  figures,  motions,  and  textures 
of  the  fmall  parts  they  coniift  of;  there  appears  no  reafon  why  the  mi- 
nute parts  of  water,  and  other  bodies,  may  not  be  fo  a^tated,  or  conneA- 
ed,  as  to  deferve  the  name  of  air. 

34.  We  chofe  a  glafs-egg,  half  an  inch  in  diameter  at  the  top,  and  an 
inch  at  the  bottom ;  and  nlljng  it  with  common  water,  to  the  hei^t  of 
about  a  foot  and  a  half,  fo  that  the  upper  part  remain'd  empty,  we  en- 
dofed  it  in  the  receiver ;  and,  upon  pumping,  obferved  bubbles  at  the 
bottom  and  fides  of  the  glais  ;  and,  increafmg  as  the  air  was  drawn  away, 
thcj',  from  time  to  time,  plentifully  afcended  to  the  top  of  the  water,  where 
they  quickly  b^e :  but  the  wideneis  of  the  glais  allowing  them  free 
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paiTage  thro'  the  water,  they  did  not,  as  in  the  former  experiments,  feem  f'^Siiil^' 
to  make  it  fwell ;  and,  upon  the  return  of  the  external  air,  the  water  ap-  ^^^^^^ 
pear'd  to  have  loft  of  its  firft  extent,  by  the  avolation  of  the  air  inter- 
^erfed. 

We  put  about  two  ounces  of  rain-water,  carefully  diftill'd,  into  a 
round  glafs-bubble,with  a  very  fmall  neck,  which  was  thereby  fill'd  halfway 
to  the  top,  and  then  conveyed  it  into  the  receiver  ;  and,tho'  we  drew  out 
more  air  than  ordinary,  there  appeared  not  the  leaft  intumefcence  of 
the  water,  nor  any  afcending  bubbles.  But  fufpe^ling  that  either  the 
fmall  quantity  of  the  water,  or  the  figure  of  the  veflel,  might  affeft  the 
experiment,  we  took  the  former  glafs  egg,  and  another,  not  much  different 
from  it,  and  filled  the  Hrft,  with  diftill'd  rain-water,  to  the  old  mark,  and, 
into  the  latter,  put  a  long  cylinder  of  folid  glafs,  to  ftraiten  the  cavity  of  the 
neck ;  and  then  pouring  fome  diftill'd  water  into  that,  alfb,  till  it  reached 
near  the  top,  they  were  both  let  down  into  the  receiver :  but  here  the  air 
was  fo  far  exhaufted,  before  there  appeared  any  bubble  in  either  of  the 
glaffes,  that  the  difference  betwixt  this,  and  common  water,  was  very  ma- 
nifeft.  But,  at  length,  when  the  air  was  aimoft  quite  drawn  out,  the  bub- 
bles b^an  to  difclofe  themfelves,  and  to  increafe,  as  the  prefTure  of  the  air, 
in  the  receiver,  decreased.  But,  in  the  firft  egg,  the  bubbjes  were  very 
fmall,  and  never  able  to  fwell  the  water  above  the  mark ;  in  the  other, 
whofe  neck  was  ftraitned,  great  numbers  of  large  ones,  faften'd  themfelves 
to  the  lower-end  of  the  folid  piece  of  glafs,  and  gathered  to  fuch  a  degree,  be- 
tween it  and  the  (ides  of  the  neck,  that  the  water  fwell'd  a  finger's  breadth 
above  the  mark  ;  tho',  upon  admitting  the  external  air,  it  relaps'd  to  the 
former  mark,  or  rather  fell  below  it :  upon  which,  all  the  bubbles  pre- 
fently  di (appeared  in  the  former  veffel;  whilft  fevcral  remained  faften'd  to 
the  lower-part  of  the  glafs  cylinder,  and  continued  there  for  above  an  hour 
after,  but  contradled  in  their  dimenfions* 

And  having  fuffer'd  thefe  glaffcs  to  remain  above  twenty-four  hours  in 
the  rece'iver,  we,  afterwards,  repeated  the  experiment ;  but  tho'  the  receiver 
was  carefully  exhaufted,  yet  we  fcarce  faw  a  bubble  in  either  of  the  glaffes  ; 
yet  the  water  rofe  the  breadth  of  a  barley-corn  in  the  neck  of  that  glafs 
wherein  the  folid  cylinder  had  been  placed ;  the  liquor,  in  the  other,  not 
being  fenfibly  fwell'd.  And,  laftly,  upon  letting  in  the  air,  the  water  in 
the  ftraitned  neck,  foon  fubfided  to  the  mark,  above  which  it  had  ftretch- 
ed.  . 

25 .  We  took  a  glafs  egg,  v;ith  a  long  neck,  of  about  f  inch  in  diameter,  ^^^iMi\m^ 
pouring  infallad-oil  till  it  reached  above  half-way  to  the  top,  we  inclosd 
it  in  the  receiver,  together  with  £)me  common  water  in  a  (imilar  veffel.  The 
pump  being  fet  on  work,  there  began  to  appear  bubbles  in  the  oil,  much  fbon- 
er  than  in  the  water ;  and  afterwards  they,  alfo,  afcended  more  plentifully 
in  the  former,  than  in  the  latter ;  and  when  the  receiver  was  well  ex- 
haufted, the  bubbles  roie  aimoft  as  numerous  as  ever  :  fo  that  none  of 
the  various  liquors,  we  have  try'd,  feem'd  to  abound  more  with  aerial  par- 
ticles, than  this  oil.    And  here  twas  remarkable,  that^  between  the  time 
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it  was  put  into  the  recei\'er,  and  that  before  we  could  work  the  pump,  it 
fubfidcd  abou:  half  an  inch  below  the  mark  it  at  firft  rearh'd  to. 

Common  oil  of  turpentine,  being  put  into  a  fmall  glafs  bubble  with  a 
flender  neck,  lb  as  to  fill  it  about  two  inches  from  the  top,  prciented  us, 
upon  evacuating  the  receiver,  with  numerous  bubbles  ;  moftof  which,  ri- 
fing  from  the  bottom,  expanded  themfelves  exceedingly  in  their  afcent,  and 
made  the  liquor,  in  the  neck,  to  fwell  fo  much  by  desrecs,  that  at  length, 
it  fevcral  times  ran  over  at  the  top :  whereby  wc  were  hinder'd  fiom 
difcerning,  upon  letting  in  the  air,  how  much  the  finking  of  the  oil,  below 
the  firft  mark,  was  due  to  the  recefs  of  the  bubbles. 

Having  fill'd  a  glafs  egi;  with  a  very  ftrong  folution  of  fait  of  tar- 
tar in  fair  water;  tho'  this,  except  quick-fiUer,  is  rcekon'd  the  heavieft 
of  liquors;  we  try'd,  whether  it  would  afford  any  bubbles;  and  put- 
ting it  into  the  receiver,  along  with  other  liquors,  we  found  that  they  yield- 
ed many  bubbles,  long  before  any  appear'd  in  that :  and  upon  profecuting 
the  experiment,  it  feem'd,  of  all  the  liquors  whereof  we  made  trial,  this 
afforded  the  feweft,  and  fmalleft  bubbles. 
a.  Spirit  of  vinegar,  examined  after  the  fame  manner,  exhibited  a  mode- 
'  rate  quantity  of  bubbles.  In  red  wine,  we  found  nothing  very  remarka- 
ble :  for  tho'  upon  the  cxfuftion  of  the  air,  the  bubbles  afcended  in  it,  a$ 
it  were  inflioals,  and  (hifted  places,  among  themfelves,  in  their  afcent;  yet 
the  intumefcence  of  the  whole  bulk  of  the  liquor,  was  fcarce  fenfible;  the 
bubbles  moft  commonly  breaking  very  foon  after  their  arrival  at  the  top ; 
where  during  their  ftay,  they  compofed  a  kind  of  (hallow  froth,  which,  a- 
lone,  appear'd  higher,  in  the  neck  of  the  glafs,  than  the  wine,  when  it 
was  firft  let  down.  Milk  conve/d  into  our  receiver,  prefented  us  with 
nothing  confiderable,  except  that  the  bubbles,  not  eafily  breaking  at  the  top, 
and  thrufting  up  one  another,  made  the  intumefcence  appear  much  greater, 
than  that  ofcommon  water. 

We  likewife  convey 'd  hens  ^s  into  the  receiver,  but  aiter  the  exfu£tion 
of  the  air,  took  them  out  whole  again. 
We  put  fome  fpirit  of  urine  into  a  glafs  e^,  fill'd  another  glafs,  to  about 
'  two  thirds  of  its  neck,  with  reftified  Ipint  oi  wine,  and  a  third  with  com- 
mon water,  till  it  reach'd  to  the  middle  of  the  neck,  and  then  pour'd  to  it 
of  the  fame  fpirit  of  wine,  till  it  reach'd  about  an  inch  higher.  Tnefe  glaffes, 
having  marks  fet  on  them,  over  againft  the  tops  of  the  contain'd  liquors, 
were  put  into  the  receiver,  and  that  beginning  to  be  evacuated,  bubbles 
began  to  appe^  in  all  three.  The  mixture  (^  fpirit  of  wine  and  water, 
d£lofed  numerous  bubbles,  efpedally  towards  the  top,  and  the  fpirit  of  u- 
line  appear'd  to  fwell'near  an  inch  and  a  half  above  the  mark,  and  yielded, 
plenty  of  bubljles,  which  made  a  kind  of  jroth  at  the  upper  part  of  it ;  and 
a^ove  that,  there  appear'd  eight  or  ten  great  bubbles,  one  higher  than  a- 
nother,  each  of  them  confHtuting,  as  it  were,  a  cylinder  of  about  half  an 
inch  high,  and  as  broad  as  theintemal  cavitv  of  the  neck ;  fo  that  all  the 
upper  part  of  the  neck  feem'd  to  be  divided  iaco  equal  pans,  by  tranf- 
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rerfe  partitions^  confifting  of  the  coats  of  the  bubbles^  whole  edges  tLp^^»zvuATtc$. 
pear'd  like  fo  many  ringSj  fufpended  one  above  another.  ^bXVN/ 

In  the  fpirit  of  wine,  there  arofe  a  great  multitude  of  bubbles^  all  the 
while  the  experiment  was  in  hand,  which  afcended  with  a  great  velocity,  and 
being  arriv  d  at  the  top,  made  no  ftav  there ;  yet,  notwithftanding  the 
great  fluidity  and  volatility  of  the  liquor,  before  they  broke  they  lifted  up  the 
upper  furface  of  it,  andror  a  moment  or  two,  formed  thereof,  a  thin  film, 
which  appeared  protuberant,  above  the  reft  of  the  fuperficies,  like  a  fciall 
hemifphere :  thefe  alfo  afcended  in  ftrait  lines,  whilft  thofe  produced  at 
the  lower  part  of  the  veflel,  containing  the  mixture  of  the  water  and  fpi- 
rit of  wine,  afcended  with  a  wavering  motion,  delcribing  an  indtated  Ime. 
Laftly,  it  was  obfervable  in  the  fpirit  dt  wine,  as  alfo  in  the  oil  of  turpen- 
tine, lately  mentioned,  that  not  only  the  bubbles  feem'd  to  rife  from  deter- 
minate places,  at  the  bottom  of  the  glafs;  but  that,  in  their  afcent^ 
they  kept  an  almoft  equal  diftance  from  each  other,  and  fucceeded  in  a  cer- 
tain order,  whence  they  feemM  part  of  fmall  bracelets,  confifting  of  equally 
fmall  feparate  beads ;  the  lower  end  of  each  bracelet  being,  as  it  were, 
faften'd  to  a  point,  at  the  bottom  of  the  glafs. 

The  air  being  fparingly  let  into  the  receiver,  the  great  bubbles  incumbent 
upon  one  another,  in  the  glafs  that  contained  the  ^irit  of  urine,  were  by 
regular  degrees  leffen'd,  till  at  length,  they  wholly  fubfided.  Notwith- 
ftanding the  recefs  of  fo  many  bubbles  as  broke  on  the  top  of  the  fpirit  of 
urine,  during  all  the  time  of  the  experiment,  yet  it  fcarcely  appear^,  at  all 
funk  below  the  mark.  Nor  did  the  mixture  of  fpirit  of  wine  and  water 
confiderably  fubfide.  But  the  foirit  of  wine,  not  only  vifibly  expanded  it- 
felf  in  the  neck  of  the  veffel,  that  contained  it,  whilft  the  bubbles  broke  at 
the  top  of  it,  almoft  as  foon  as  they  arrived  there  ,•  but  upon  the  re-admiffion 
of  the  external  air,  it  retaind  its  new  expanfion.  And,  tho'  we  let  it  alon^ 
for  near  an  hour  together,  yet  when  we  took  it  out,  it  ftiU  fwell'd  betweea- 
a  quarter  and  half  an  inch  above  the  mark.  Repeating  the  experiment 
with  frefh  fpirit  of  wine,  it  fwell'd  in  the  neck  as  formerly ;  and  leaving  it 
all  night  in  the  receiver,  and  allowing  free  accefs  to  the  external  air  at  the 
ftop-cock,  I  found  it,  the  next  day,  ftill  expanded,  as  before ;  only  it 
feem'd  a  little  lower;  which  decreafe,  perhaps,  proceeded  from  theavola- 
tion  of  fome  of  the  fugitive  parts  of  the  liquor.  And  for  farther  fatisfac- 
tion,  having  taken  out  the  glafs,  and  confiderM  it  in  the  open  air  at  a  win- 
dow ;  I  could  not  find,  that  there  was  any  remaining  bubble  to  occafion 
the  continuance  of  this  ftrange  expanfion. 

26.  We  took  two  very  fmall  vials,  of  the  fize  and  fiiape  cxprefsM  iniheifMmi^^f 
Ftg.  16.  and  into  one  of  them,  put  fo  much  of  a  certain  ponderous  niercu- J^^/' 
rial  mixture,  that,  the  mouth  being  ftop'd  with  a  little  foft  wax,  the  ^a(s 
would  but  juft  fink  in  water :  this  we  let  fall  to  the  bottom  of  a  wide- 
mouth'd  cryftal  jar,  fiU'd  with  about  half  a  pint  of  common  water ;  and 
into  the  fame  veflel,  we  funk  the  other  glafs,  unftop'd,  with  as  much  water 
in  it  as  was  more  than  fufficidiilf  tomake  it  fubfide.  Both  thefe  funk  with 
their  mouths  downwards ;  the  rotmer  being  about  three  quarters  fiilji  of  air, 
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'  and  the  Istter  containing  in  it  a  bubble  of  air  as  big  as  half  a  pea  ;  then 
the  wide-mouth'd  glafs  was  let  down  into  the  receiver,  and  the  engine  bc- 
ingwork'd,  the  bubbles  began  to  appear  in  the  water,  as  in  the  former  ex- 
periments ;  but  continuing  long  to  ply  the  pump,  that  little  glafs,  whofe 
mouth  was  open'dj  came  to  the  top  of  the  water;  beine,  as  it  were, 
buoy'd  up  by  a  great  number  of  bubbles,  that  had  fafteii'd  themfelves  to 
the  iides  of  it  J  and  fwimming  thus,  with  che  mouth  downward,  we  could 
cafilv  perceive,  that  the  internal  air  above-mention'd,  had  much  dilated 
itfelf,  and  thereby  feem'd  to  have  contributed  to  the  emerging  of  the  glafs, 
which  remain'd  floating,  notwithftanding  the  breaking,  and  vanifhiiig  of 
moft  of  the  contiguous  bubbles.  And  pcrfifting  in  pumping,  we  obfer\''d, 
that  at  each  time  the  key  was  turn'd,  the  air,  in  the  little  glafs,  manifeft- 
ly  expanded  itfelf,  and  thruft  out  the  water;  generally  retaining  a  very 
protuberant  furface,  where  it  was  contiguous  to  the  remaining  water. 
And  when,  after  feveral  exfuftions  of  the  air  in  the  receiver,  that  in  the 
vial  fo  dilated  itfelf,  as  to  expel  aUioft  all  the  water,  it  turn'd  up  its  mouth 
towards  the  furface  of  the  water  in  the  jar,  and  there  dcliver'd  a  large 
bubble,  and  then  relaps'd  into  its  former  floating   pofture. 

This  experiment  taught  us,  that  it  was  a  work  of  more  time  and  la- 
bour, than  wc  imagin'd,  to  exhauft  our  receiver  as  much  as  it  may  be 
exhauftcd  ;  for  tho'  before  the  fmal  viall  emerged,  we  thought  the  recei- 
ver confiderably  emptied,  becaufe  there  fcem'd  to  come  but  very  little 
air  at  each  exUiflion,  out  of  the  cylinder  ;  yet,  afterwards,  the  air  inclu- 
ded in  the  vial,  manifeftly  dilated  itfelf  upon  each  flrokc,  fo  long,  that  for 
nine  times  it  turn'd  its  mouth  upwards,  and  difcharg'd  a  bubble  about  the 
bignefsof  a  pea.  But  that  vial  which  had  the  weight  in  it,  rofe  not  at 
all :  then  leiuirely  letting  in  the  air,  that  within  the  vial  Ihrinking  into 
a  very  narrow  compafs,  the  glafs  fell  down  to  the  bottom  of  the 
jar. 

But  being  defirous  to  try  once  more,  whether  the  little  glafs  with 
die  weight  in  it,  might  not  alfo  be  rais'd  ;  after  we  had  fufler'd  the  en- 
gine to  remain  clos'd,  as  it  was,  for  five  or  fix  hours,  the  pump  was  a- 
gain  ply'd  fo  vigorouHy,  that  not  only  about  the  upper-pare  df  the  jar, 
there  appear'd  a  large  number  of  finall  bubbles  ;  but  afterwards,  there 
Came  from  the  bottom  of  the  jar,  fome  as  large  as  fmall  peas,  which,  the 
pump  being  ftill  kept  going,  follow *d  one  another,  to  the  number  of  forty, 
coming  ft'om  the  ftop'o  vial ;  whofe  mouth,  it  feems,  had  not  been  Jhut  fo 
clofely,  but  the  included  air  found  a  paflage  betwixt  the  wax  and  the 
glais.  After  this,  the  unftop'd  glafs  began  to  float  again  ;  the  air  fhut  up 
in  if,  being  fo  dilated  as  to  expel  a  lai^  part  of  tne  w:ater,  but  not  u> 
much  as  to  break  quite  thro'.  And,  at  length,  the  heavier  of  the  two 
vials  b^n  to  rife,  but  immediately  fubGded  again  :  which  feem'd  owing 
to  the,  air  within  it,  whofe  biUk  and  fpring  being  we&kned  by  the  recels 
of  the  fony  bubbles,  it  was  no  longer  able  to  break  thro'  the  incumbent 
water ;  but  forming  a  bubble,  at  the  mou^  of  the  glafs,  buoy'd  it  up  co- 
wards the  top,  and  there  getting  away,  JcjEt  it  to  fink  again  j  till  the  pref- 
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furfe  of  the  air  in  the  receiver,  being  farther  taken  oft  the  air,  in  the  vja],^"jj*^;j^' 
was  permitted  to  expand  itfelf  fiurther,   and  create  another  bubble,  by  ^■^▼^^ 
which  it  was  again,  for  a  while,  carry *d  up.     And  tho',  after  having 
empty 'd  the  receiver  as  far  as  we  well  could,  wc  ceafed  from  pumping ; 
yet  the  yeifel,  continuing  more  ftanch  than  ufual,  this  afcent,  and  niU  of 
the  vial  were  repeated  to  the  ninth  time ;  the  moluded  air,  by  reafcm  of 
the  fmallnefs  of  the  vent  at  which  it  muft  pafs  out,  being  not  able  to  get 
away,  otherwife  than  by  fmall  degrees,  an^  confequently,  in  leveral  fuch 
parcels  as  were  able  to  conftitute  bubbles,  each  of  them  b%  enough  to  raife 
the  vial,  and  keep  it  fufpended,  till  the  bubble  flew  on.    Hence  it  may 
appear,  that  a  body, ,  lighter  than  an  eoual  bulk  of  water,  will  float  in 
that  fluid,  when  the  prefTure  of  the  atmolphere  is,  in  very  great  meafure, 
taken  off  from  the  liquor,  and  the  body  :  tho'  it  were  worth  inquiring, 
what  it  is,  that  fo  plentifully  concurs  to  fill  the  bubbles  made,  in  our  ex- 
periment, by  the  air  fo  much  expanded. 

In  this  experiment,  as  in  the  former,  the  external  air  being  let  in,  foon 
precipitated  the  floating  veflel.  And  the  water  which,  in  the  heavier  vial^ 
fucceeded  in  the  room  of  thofe  forty,  or  more,  great  bubbles  of  air^ 
which,  at  feveral  times,  got  out  of  it  \  was  of  a  very  inconflderable 
bulk. 

27.  It  having  been  obferv^d,  that  pendulums  vibrate  more  flowly,  ^'^^^J^^^r^- 
that  their  motion  fooner  ceafes  in  a  thicker,  than  in  a  thinner  medium  y^  ^JL.^ 
we  thought  proper  to  try  if  a  pendulum  would  move  fafter,  or  vibrate 
longer,  in  our  exhaufled  receiver,  than  out  of  it.  We,  therefore,  took 
two  round  poliflied  fleel*pendulums,  of  equal  bignefs,  each  of  them  weigh- 
ing twenty  drams,  bating  fo  many  grains.  One  of  thefb  we  fufpended  in 
the  cavity  of  the  receiver,  by  a  very  flender  firing,  about  feven  inches'  andi 
a  half  in  length,  from  the  cover  of  the  receiver  whereto  it  was^  faften*3; 
Then  we  made  the  pendxilum  fwing,  and,  counting  the  returns  of  the 
other  that  hung  in  the  open  air,  by  a  firing  of  about  the  fame  length,  we 
fliorten'd  and  lengthen  a  this,  till  it  appeared  to  keep  the  fame  pace  with 
that  in  the  receiver.  Then,  having  carefully  drawn  away  the  air,  we 
again  made  the  pendulum  in  the  receiver,  vibrate ;  and,  giving  the  other 
fuch  a  motion,  as  causM  it  to  defcribe  an  arch,  apparently  equal  to  that 
of  the  included  pendulum,  we  counted  the  reciurnons  of^both;  and  we 
reckon 'd  two  and  twenty  vibrarions  of  the  included  pendulum,  whilfi  but 
twenty  were  obferv'd  ot  the  other.  And  at  another  time,  alfo,  the  for- 
mer was  found  to  have  made  twenty-one  returns,  whilfi  the  other  made 
but  twenty.  Yet  this  experiment  fecm'd  to  teach  us  little,  except  that  the 
diflerence  betwixt  the  motion  of  fuch  a  pendulum,  in  comiaon  air,  and  in 
a  medium  exceedingly  rarify*d,  is  fcarce  fcnfible  in  veflels  no  bigger  than 
our  receiver  ;  efpedally,  fince  we  could  not  fuppofe  that  to  be  altc^ethev 
free  from  air.  We  oblerved,  alfo,  tha^  when  the  receiver  was  full  of  aii^ 
the  included  i>endulum  continued  its  recurflons  about  fifteen  minutes^  be^ 
fore  it  left  off  fwinging ;  and  that,  after  the  exfudlion  of  the  air^  the  vi^ 
bration  of  thefame  pendulum  appeared  not  to  laft  feniibly  longer. 

28.  That 
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rtjftTic,  28.  That  the  air  is  the  medium  whereby  Ibunds  are  convey*d  to  the 
jf^^ear,  was  a  carrcnt  opinion,  till  fome  pretended,  that  if  a  bell,  with  a 
I  iiir  H-  fteel  clapper,  be  faften'd  to  the  iniide  01  a  tube,  upon  making  the  qxpcri- 
irf  nctivcr.  jjjgjjj  ^^  iiaciio,  with  it,  the  bell  remaining  fufpended  in  the  deferte-i  fpace, 
at  the  upper  end  01  the  tube  ;  if  a  vigorous  load-ftone  be  apply'd  on 
the  outfide  of  the  glafs,  it  will  attraft  the  clapper ;  which,  upon  the  re- 
moval of  the  load-fione,  falling  back,  will  ftrike  againft  the  bell,  and 
thereby  produce  a  very  audible  found :  whence,  feveral  have  concluded, 
not  the  air,  but  fome  more  fubtile  body,  to  be  the  medium  of  founds.  But 
fufpending  a  watch,  freed  from  its  cafe,  in  the  cavity  of  our  receiver,  by 
a  packthread  j  and  then,  doling  up  the  veflel  with  melted  ptaificr ;  we 
liften'd  near  the  fides  of  it,  ana  plainly  heard  the  balatice  beat,  and  ob- 
ferv'd,  that  the  noife  feem'd  to  come  direftly  in  a  ftrei^ht  line,  from  the 
watch  to  the  ear.  We  found,  alfo,  a  manifeft  dtfierence  in  the  noife,  by 
holding  our  ears  near  the  fides  of  the  receiver,  and  near  the  cover  of  it; 
which  feem'd  to  proceed  from  the  diflerence  between  the  glafs,  the  cover, 
and  the  cement,  thro'  which  the  found  was  propagated.  But,  upon  work- 
ing the  pump,  the  found  grew  gradually  fainter ;  fo  that,  when  the  re- 
ceiver was  emptied  as  much  as  ufual,  we  could  not,  by  applying  our 
ears  to  the  very  fides  of  it,  hear  any  noife  from  within  ;  tho'  we  could  ea- 
fily  perceive,  that,  by  the  motion  of  the  hand  which  mark'd  the  frconds, 
and  by  that  of  the  balance,  the  watch  neither  flood  ftill,  nor  feem'd  ir- 
regular- And,  to  fatisfyourfelves  farther,  that  it  was  the  abfence  of  the 
air  about  the  watch,  chat  hinder'd  us  from  hearing  it,  we  let  in  the  ex- 
ternal air  at  the  ftop-cock ;  and  then,  tho'  we  turn'd  the  key,  and  flopp'd 
the  valve,  yet  we  could  plainly  hear  the  noife  made  by  the  balance  ;  tho* 
we  held  our  ears,  fometimes,  at  the  diftance  of  twofeet  from  the  outfide 
of  the  receiver.  And  this  experiment,  being  repeated,  fucceeded  after 
the  like  manner  :  which  feems  to  priive,  that  the  air  is,  at  leafl,  the  prin- 
cipal medium  of  founds.  And,  by  &,e  way,  it  is  very  well  worth  noting, 
xhat,  in  a  velTel  fo  exa&ly  clofed  as  our  receiver,  fo  weak  a  pulfacion  as 
that  of  the  balance  of  a  watch,  lliould  propagate  a  motion  to  tne  esX,  in  a 
-ftreight  line,  notwithftanding  theinterpofition  of  glafs,  fo  thick  as  that  of 
our  receiver.  We,  afterwards,  took  a  bell  of  about  two  inches  in  di- 
ameter at  the  bottom,  which  was  fupportcd,  in  the  mldft  of  the  cavity  of 
the  receiver,  by  a  bene  ftick,  preffing  with  its  two  ends  againfl  the  oppo- 
lite  parts  of  the  infide  of  the  veffel ;  which,  being  clofed  up,  we  obferved 
the  bell  to  found  more  dead  than  in  the  open  air.  And  yet,  when  we 
had  empty 'd  the  receiver,  we  could  not  dilcem  any  confiderable  change  in 
the  loudnefs  of  the  found  :  whereby  it  feem'd,  that,  tho'  the  air  be  the 
principal  medium  of  found ;  yet,  either  a  more  fubtile  matter  may  be,  alfo, 
a  medium  of  itj  orelfe  thatan  ambient  body,  that  contains  but  few  particles 
of  air,  is  fufficient  for  that  purpofe.  Whence,  perhaps,  in  the  above-men- 
tion'd  experiment,  made  with  the  bell  and  the  load-ftone,  there  might,  in 
the  deferted  part  of  the  tube,  remain  air  enough  Co  produce  a  found. 

But 
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But  as,  in  making  the  experiment  of  firing  gun-powder  with  a  piftol  In  ^'•y^JjJJJ^J* 
our  evacuated  receiver,  the  noife  made  bjr  the  flint,  ftriking  agamft  the  ^"^^^^ 
fteel,  was  exceeding  languid,  in  comparilon  of  what  it  would  have  been 
in  the  open  air :  fo,  on  feveral  other  occasions,   it  appeared,  that  the 
founds  produced  there,  if  they  were  not  loft,  feem'd  to  arrive  at  the  ear 
very  much  weakned, 

29.  We  have  a  liquor  which,  tho'  moft  of  its  ingredients  be  metals,  and  ^  frmingV^ 
all  of  them  ponderous,  is  yet  of  fuch  a  nature,  that,  whilft  the  vial  where--  *•  ^  '•••wr. 
in  it  is  kept,  remains  ftopp'd,  appears  transparent,  as,  alfo,  the  upper 

Sart  of  the  glafs,  to  which  tne  liquor  reacheth  not ;  but  as  foon  as  ever  the 
opple  is  taken  out,  and  full  accm  given  to  the  external  air ;  both  the  un- 
der part  of  the  cork,  and  the  liquor  itfelf,  prefently  fend  upwards,  and 
difiiie  a  fume,  as  thick  and  white  as  if  a  quantity  of  alabafter-duft  were 
thrown  up  into  the  air.  And  this  fmoking  of  the  liauor  lafts,  till  the  vial 
be  ftopp'd  a:gain ;  and  then  the  afcent  of  the  fumes  fuddenly  ceafes. 

To  a  vial  of  this  fuming  liquor,  we  faflen'd  a  weight  of  lead ;  and, 
having  ty'd  to  the  ftopple  one  end  of  a  firing,  whilft  the  other  was  made 
faft  to  the  cover  of  the  receiver,  the  liquor  was  carefully  dofed  up  ;  and, 
the  air  being  diligently  pump'd  out,  we  unftoppM  the  vial.  And  tho,  im- 
mediately upon  drawing  out  the  cork,  the:fe  appealed  fome  white  fumes, 
which  feem*d  to  proceed  from  the  air  being  impruonM  in  the  vial,  and  dif-' 
fiifmg  itfelf  fuddenly  into  the  receiver  5  yet  we  afterwards  obfervM,  that 
the  fumes  did  not  mount,  and  difperfe  themfelves,  as  they  ufed  to  do  in 
the  open  air  ^  but,  afcending  to  the  lip  of  the  vial,  they  ftopp'd  there,  and 
ran  down  along  the  outfide,  and  thence  along  an  inclming  piece  of  lead, 
on  which  the  vial  refted,  like  a  little  ftream,  that  quitted  not  the  \dal,  tilL 
it  was  come  to  the  bottom  of  it,  and  there  forfbok  it,  like  a  ftream  of  wa- 
ter of  the  fame  bignefs.  Then,  letting  in  fome  of  the  external  air,  the  ftream 
run  a-frefti,  tho  not  altogether  fo  large :  and,  after  the  receiver  was  fill'd 
with  air,  I  found,  to  my  furprize,  that,  tho'  the  ftream  difappear'd,  yet 
no  white  fumes  arofe,  either  from  the  cork,  or  out  of  the  vial ;  no,  not 
when  the  cover  was  removed  from  the  receiver :  tho*,  after  a  while,  there  ^ 
afcended  white  fumes  from  the  receiver.  But,  having  immediately  taken  out 
the  vial  into  the  open  air,  it  emitted  white  exhalations,  as  before ;  and 
having,  prefently  after,  unftopp'd  it  in  an  open  window,  we  found  both  it, 
and  the  cork,  immediately  yielded  a  much  more  plentiful  fmoke ;  tho' 
it  were  How  feveral  years  fince  this  parcel  of  liquor  was  prepared. 

3  o.  Into  one  of  oiu:  finall  receivers,  we  convey 'd  a  piece  of  well-lighted  Mki  ia  mo©.  - 
match ;  and,  letting  it  remain  there,  till  it  had  fiU'd  the  receiver  with 
fmoke,  we  took  it  out,  and  immediately  clofed  the  receiver  again,  that 
the  fmoke  might  not  get  away.  Then  ftaying,  to  let  thefe  fumes  leifiirely 
fublide,  we  found,  that,  after  fome  time,  they  fettled  themfelves  in  the 
lower  half  of  the  receiver,  in  a  darkiih  body ;  leaving  the  upper  half  tranf- 
parent,  and,  as  to  fijght,  full  onlj^  of  clear  air-  And,  inclining  the  vdTel 
that  contam'd  this  fmoke,  fometimes  to  one  fide,  and  fometimes  to  the 
others  wc  obierv'd  the  fume  to  keep  its  furface  almojft  horizontal,  as  wa- 
ter. 
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jj**5"e'-  tcr,  or  any  other  liquor,  would  have  done  in  tlic  like  cafe.  And  if,  by  a 
'^^^  quicker  rocking  of  the  engine,  the  finoke  were  more  fwifely  Ihaken,  ic 
would,  like  water,  either  vibrate  from  one  fide  to  the  other  of  theglafs; 
or  elfe  have  its  furface  manifefiJy  curl'd,  like  waves,  and  preferve  itfclf, 
in  au  entire  and  diftinft  body,  from  the  incumbent  air  ;  and,  being  per- 
mitted to  reft  awhile,  would  foon  recover  its  former  imooth  and  level 
^  fuperficies.     If,  alfo,  the  key  were  tum'd,  and  the  valve  unftopp'd,  fo 

I  that  there  was  a  free  paiTage  open'd  betwixt  the  external  air,  and  the  ca- 

vity of  the  receiver ;  then  would  fbme  of  this  fmoke  fall  down,  as  it  were, 
in  a  ftream,  into  the  fubjaccnc  cylinder  ;  and  a  proportionate  quantity  of 
the  outward  air,  would,  manifellly,  alcend  thro*  it,  into  the  incumbent 
airj  after  the  fame  manner,  as,  when  a  vial,  with  a  long  neck,  fili'd  with 
red  wine,  being  inverted  into  a  glafs  of  fair  water,  the  water  and  wine, 
by  degrees,  mix,  as  it  were,  in  little  curl'd  ftreams  with  each  other  i  the 
one  felling  down,  and  the  other  afcending  in  its  place.  And  if,  when  the 
fuperficies  of  our  frnokc  lay  fmooth,  and  horizontal,  a  hot  iron  were  held 
near  the  outfide  of  the  receiver  ;  the  adjacent  part  of  the  included  fumes, 
being  rarify'd  by  the  heat,  would  readily  afcend  in  a  large  pillar  of  fmoke, 
to  the  very  top  of  the  receiver ;  yet,  without  fteming  to  lofe  its  diftinft 
furface,  or  to  oe  confounded  with  the  air,  below  which,  upon  the  recefs 
of  the  adventitious  heat,  it  would  again  fubfide. 

Since,  then,  there  is  fo  vaft  an  inequality  in  the  denfity  and  weight  of 
liquors ;  we  may  confidcr  the  atmofphcre  as  a  peculiar  kind  of  thin  fluid, 
miKh  lighter  than  fplrit  of  wine.  And  as  waves  appear 'd  upon  the  fur- 
face of  onr  agitated  fmoke;  fome  fuch  thing  may,  poffibly,  happen  on 
the  fuperficies  of  the  atmofphcre :  as  may  be  conjeftur'd  from  thofe  llrange 
inequalities  that  often  appear,  efpecially  when  the  air  abounds  with  ex- 
halations and  vapours,  upon  the  limb  of  the  fun  in  its  riling  and  fctting. 
And  If  this  phenomenon  be  owing  to  the  refrafbon,  which  the  fun's  rays 
fufler  in  our  air ;  'tis  eafy  to  fuppofe  the  fur&ce  of  the  atmofphere  to  be 
often,  as  we  faid,  exceedingly  curl'd,  or  wav'd.  And,  certainly,  it  is 
furpriziag  to  fee  how,  thro'  a  good  telefcope,  there  will  not  only  appear 
inei^ualities  in  the  edge  of  the  fun,  which  often  feems  to  be  indented ;  but 
thole  inequalities  vanifh  in  one  place,  and  prefently  appear  in  another,  and. 
feem  perfectly  to  move,  like  waves  fucceeding  and  deftroying  one  ano- 
ther :  only  their  motion  frequently  feems  to  be  quickeft ;  as  if,  in  that 
vaftfea,  they  were  carry'd  on  by  a  current,  or  a  tide.  And  this,  alfo, 
appears  to  the  eye,  when  a  large,  and  well  defined  image  of  the  fun,  is, 
by  the  telefcope,  caft  upon  white  paper. 
n.rrf^tf  31-  It  hath  been  thought  ftrange,  that, the  perfeftly  polift'd  furfaces  of 
f^'immiUti  two  flat  pjeccs  of  marble  being  apply'd  to  each  other,  they  fliould  ftick  fo 
** ''"'"'  faft  together,  that  the  lower  may  be  raifed,  by  taking  hold  of  the  upper. 
But,  as  this  leems  owing  to  the  unequal  preflure  of  the  air  upon  the  un- 
dermoft  ftone,  the  lower  fuperficies  of  that  being  freely  expofcd  thereto, 
and  prefs'd  upon  by  it,  whilft  the  upper  furface  is  defended  therefrom  ; 
whicii,  coofequently,  prelling  the  lower  ftone  agaioft  the  upper,  hinders 
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it  from  falling  ;  we  therefore  conjedhir'cl,  that  two  marbles,  being  exaftlyl^'^JjyS^'o* 
ground  to  one  another,  and  together  fuipended  in  our  evacuated  receiver,  ^"^VX^ 
the  lower  ftone  would  fall  from  the  upper :  but  we  could  not  procure  mar- 
bles to  be  ground  fo  true,  as  to  fuftain  one  another  in  the  air  for  above  a 
minute  or  two,  which  is  a  much  fliorter  time,  than  is  reauircd  to  empty  our 
receiver.    We  did,  indeed,  try  to  make  pur  marbles  uick  clofe  together, 
by  moiftning  their  furfaces  with  reftified  fpirit  of  wine  ;  but  to  little  pur- 
pofe ;  for  having  convey *d  into  the  receiver  two  black  fquare  marbles,  the 
one  with  its  fide  two  inches  and  a  third,  and  (bmewhat  more  than  half  an 
inch  in  thicknefs,  the  other  of  equal  fuHSice,    but  not  above  half  fo  thick, 
faftned  together  by  means  of  that  fpirit ;  and  having  fufpended  the  thicker 
by  a  ftring  from  the  cover,  we  foimd  not,  that  the  exfuftion  of  the  air 
would  feparate  them,  tho*  a  weight  of  four  ounces  were  faften'd  to  the 
lower,  to  facilitate  its  falling. 

I  would  gladly  have  the  experiment  try'd  with  marbles,  fo  well jpoHfli'd, 
as  to  need  no  liquor  to  make  them  cohere,  and  in  a  veffel,  out  oi  whic^ 
the  air  may  be  more  perfe6tiy  drawn,  than  it  was  out  of  ours.    But,  "^1^ 
we  will  not  determine,  whether  the  fpirit  of  wine  contributed  to  the  ftrojp. 
cohefion  of  thefe  ftones,  otherwife  than  by  keeping  the  fubtileft  parts  q^  - 
the  air    from  getting  in  between  them ;  yet  it  feem'd,  that  the  reafon,  ^• 
why  the  lower  marble  fell  not,  was,  probably,  becaufe  of  the  preffure  of 
the  air  remaining  in  the  receiver  j  which,  as  we  formerly  noted,  being 
able  to  fuftain  a  cylinder  of  water,  of  above  a  foot  in  height,  may  be  fup- 
pofed  capable  of  Keeping  fo  broad  a  marble  frxmi  defcenmng.    And,  tho* 
this  may  feem  a  ftrange  proof  of  the  ftrength  of  the  ^ring  of  the  air,  e- 
ven  when  rarified ;  yet  it  will  fcarce  appear  incredible  to  him,  who  hath  ob-* 
ferv'd,  how  exceeding  ftrong  a  cohefion  may  be  made,  betwixt  broad  bo- 
dies,  only  by  immediate  conta£i.      A  notable  inftance  of  tMs,  is  givea 
us  by  the  learned  Zucchius^  who  tells  us,  that  ^' a  younjgfcUow,  bragging 
"  ol  his  ftrength,  fome  body  fet  him  to  pull  at  the  ring  m  the  middle  of  a 
brafs-plate,  that  lay  upon  a  poliih'd  marble,  whereto,  it  was  exadly 
ground  :  this  he  thought  a  trivial  matter ;  but  after  lus  utmoft  endea vour, 
round  it  impoffible  to  feparate  them  by  dired:  pulling ;  which  made  him 
imagine  they  were  faftned  together,  by  means  of  fome  vehement  flrong 
glew,  till  he  fa w  the  plate,  afterwards  lifted  by  another,  who,  firft  flipt  it 
**  along  the  marble  ". 

3  3 .  Our  receiver  being  exquifitely  clos'd,  and  the  air,  in  a  good  meafure,  ^  tna  /re- 
drawn out,  we  remov'd  it  from  the  pump,  and  to  the  lower  branch  of  theJ^^JjJJJJj^*^ 
fiop-cock,  fpeedily  apply 'd  a  tapering  valve  of  brafs,  made  fit  to  go  with  ^ v*  u* 
its  narrower  end  into  the  cavity  of  the  branch,  and  to  fill  the  orifice  of  that 
cavity  with  its  broader  part.    And,  that  the  air  might  not  get  in  at  the  lit- 
tle intervals,  between  the  convex  furface  of  the  ftopple,  and  the  internal 
edge  of  the  branch,  they  were  ftop'd  with  diachylon.     And,  to  the  door 
of  the  valve,  there  was,  at  a  button  of  brafs,  £aften'd  a  broad  fcale,  wherein 
weights  were  to  be  put.    This  done,  the  key  of  the  ftop^ock  was  tum'd, 
and  the  external  air  beating  like  a  forcible  ftream  upon  the  valve  to  get  in 
Vo  L.  II.  L 1 1  there. 
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IJi^^' there,  it  fuddenly  Ihut  the  valve,  and  kept  it  foclofe,  that  we  had  time 
^^^  to  caft  in  feveral  weights,  one  after  another,  into  the  fcale,  till  at  length,  the 
wdght  overpowering  the  preflure  of  the  atmofphere,  drew  down  the 
valve  by  the  firings  that  ty'd  the  fcale  to  it,  and  gave  liberty  to  the  outward 
air  to  ru(h  into  the  receiver.  Tho',  another  time,  when  the  valve  had  but 
little  weight  hanging  to  it,  being,  by  accident,  drawn  down  beneath  its  for- 
mer place,  it  was,  by  the  impetuous  current  of  the  external  air,  fuddenly 
impell'd  up  into  it  again,  and  kept  there.  But,  in  the  former  experiment,  tho' 
the  receiver  were  not  well  exhaufted;  tho'  it  leak'd,  whilft  the  reft  of  the 
experiment  was  in  hand;  and  tho'  the  valve,  whereon  the  cylinder  of  the 
atmofphere  could  prefs,  were  not  above  an  inch  and  a  half  in  diameter ;  yec 
the  whole  weight,  fupported  by  the  air,  amounted  to  about  ten  pounds,  of 
fixteeo  ounces  each  :  lb  that,  had  the  enperiment  been  made  with  favoura- 
ble circumftances,  the  air  endeavouring  to  prels  in,  at  the  orifice  of  the 
ftop-cock,  would  very  probably  have  kept  a  much  greater  weight  from 
falling  out  of  it. 
i^" 'tf  33.  But  our  pump,  alone,  may  aflbrd  us  a  nobler  inftance  of  the  force  of 
'lU.  the  air ;  fo  that,  by  means  of  this  part  of  our  engine,  we  may  conje&ure  at 
the  ftrength  of  the  atmofphere,  computed  as  a  weight.  For,  firft,  the  fucker, 
brought  to  move  eafily  up  and  down  the  cyliader,  being  impell'd  to 
the  top  of  it,  and  the  receiver  taken  oft"  from  the  pump,  that  the  upper o- 
rifice  of  the  cylinder  remaining  open,  the  air  may  freely  fucceed  the  fucker, 
and,  therefore,  readily  yield  to  its  motion  downwards;  and  there  being 
faften'd  to  one  of  the  iroa  teeth  of  the  fucker,  fuch  a  weight,  as  may  juft 
fuffice  to  draw  it  to  the  bottom  of  the  cylinder  ;  we  may  hence  find  the  weighc 
necef&ry  to  draw  down  the  fucker:  and  when  the  atmofphere  makes  the 
ordinary  refiftance  againft  its  defcent,  the  fucker  being  again  fore 'd  to 
the  top  of  tiie  cylinder,  whofe  upper  orifice  muft  now  be  exactly  clos'd; 
we  may  ealily,  by  hanging  a  fcale  to  the  above-mention'd  iron,  that 
makes  part  of  the  fucker,  caft  in  known  weights,  till  the  fucker  be  drawn 
down  i  then,  to  thefe  weights  in  the  fcale,  that  of  the  fcale  itfelf  being 
added,  the  fum  will  give  us  the  weight  of  a  column  of  air,  equal  in  dia- 
meter to  the  fucker,  or  to  the  cavity  of  the  cylinder,  and,  in  length,  to  the 
height  of  the  atmofphere. 

According  to  this  method,  we  attempted  to  meafure  the  preffure  of  the 
atmofphere,  but  found  it  more  difficult,  than  we  expefked,  to  perform  it 
accurately ;  for  tho',  by  the  help  of  the  handle,  the  fucker  mov'd  up  and 
down  with  great  facility ;  yet,  when  it  came  to  be  mov'd  by  a  dead 
weight,  we  tound,  that  the  little  inequalities,  and,  perhaps,  the  unequal 
vnSaxe  of  the  leather  againft  the  cavity  of  the  cylinder,  -  now  and  then 
flop'd  the  defcent  or  afcent  of  the  fucker  ;  tho*  a  very  little  external  help, 
would  eafily  furmount  that  impediment.  We  found  then,  that  a  vmght  of 
twenty-eight  pounds,  being  faften'd  to  one  of  the  teeth  of  the  fucker, 
drew  it  down  clofe,when  the  upper  orifice  of  the  cylinder  was  left  open ;  but, 
by  the  help  of  oil,  and  water,  and  the  frequent  working  of  the  fucker 
with  the  handle,  its  motion  in  the  cylinder  lud  been  before  purpofeiy  fa- 

cUicated. 
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.cUitatc4.  Then  the  upper  orifice  of  the  cylinder  was  very  carefully  ftop^d ;  ^'^^JJJ^^'J 
the  valvip  being  Ukewife  ftut,  with  its  ftopple  well  oiled,  after  the  fucker 
had  beeu  again  impellM  up  to  the  top  of  the  cylinder.  To  the  former 
weight  we  now  added  a  hundred  and  twelve  pounds,  which  forcinjg  down 
the  fucker,  though  but  leifurely,  we  took  off  the  a  8  pound  weight,  and 
hung  on,  infiead  of  it,  founeen  pound;  but  found  that,  with  the  reft,  un- 
able to  carry  down  the  fucker.  And  to  fatisfy  ourfelves  it  was  die  refi* 
fiance  of  the  ambient  air,  that  hindered  the  defcent  of  fo  great  a  weight ;  af- 
ter we  had  try'd,  that  upon  unftopping  die  valve,  and  dierebv  opening  an 
acceis  to  the  external  air,  the  fucker  would  be  immediately  drawn  down, 
havine  forcibly  depx^'d  the  fucker,  to  the  bottom  of  the  cylinder,  and 
then  i&ftenM  wei^ts  to  the  iron,  theprdOfure  of  the  external  air,  finding 


tion'd,  checked  its  courfe ;  and  when  that  was  renaov  d,  it  yrould  continue 
its  afcent  to  the  cop.  And  the',  poffibly,  there,  might  remain  fome  parri* 
des  of  air  in  the  CTlinder,  after  the  fucker  was  drawn  down;  yet  the 
preflure  of  a  cylinder  of  the  atmofphere,.  fomewhat  lefs  than  three  in- 
ches in  diameter,  uncomprefs'd,  not  only  fuftainM,  but  drove  up  a  wadA 
of  a  hundred  and  odd  pounds :  ibr,  beudes  the  weight  of  the  whole  (uc« 
leer  itfelf,  which  amounts  to  fome  poun4s,  the  weights  annexM  to  i^  made 
up  a  himdred  and  five  pounds  i  yet  all  this  falls  ihort  of  the  weight  fuft 
laid  to  be  fufpended,  by  the  refiftance  of  the  air,  in  die  cavity  of  the  cylin- 
der. This  experiment  was  made  in  die  virinter,  the  weather  neither  frofty 
nor  rainy,  about  the  change  of  the  moon  ;  and  at  a  place  whofe  latitude 
is  about  51  degrees  and  a  half:  for,  perhaps,  the  force,  or  preifure  of  the 
air,  may  vary,  according  to  the  featons  of  the  year,  the  temperature  of 
the  weather,  die  elevation  of  thepde,  or  the  phafes  of  the  moon ;  any  of 
diem  feeming  able  to  alter  either  the  height,  or  confiftence  of  the  atmo- 
fphere.  And  thete&re,  it  would  not  be  amifs,  if  this  experiment  were 
try'd  careftdly,  at  feveral  rimes  and  places,  with  variety  of  drcumftances. 
It  might,  alio,  be  tryM  with  cylinders  of  feveral  diameters,  exauifitely 
£cced  with  fuckers  ;  that  we  might  know  what  propopdon  feveral  pillars 
cf  the  atmofphere,  bear  to  the  weight  they  are  ablQ.  to  fuftain,  or  lift  up  ; 
and  con^quendy,  whether  the  increafe,  or  decreafe  ,c£  the  refiftance  of 
the  ambient  air,  can  be  reduced  to  any  regular  propordon,.to  the  diame- 
ter of  the  fuckors.  Hiefe,  and  other  experiments,  which  may  be  made 
with  this  cylinder,  migh^.  moft  of  them,  be  more  exM&ly  tryd  by.dieTor- 
jriciUiaH  tube ;  if  glafs  could  be  blown,  and  drawn  perf^y  cyfindrical. 

Here  we  may  obferve,  that  as  many  other  phenomena  dF  our  ^^&^^>V!ii!f^ ^ 
foefpecially  the  two  laft  experiments,  feem  to  ihew  the  nature,  or  caufe 
of  fuflion.  It's  true,  .indeed,  in  fucking,  we  comn^only  ufe  fpme  mani- 
feft  endeavour,  by  a  peculiar  motion  of  our  mouths,  chefts,  &c.  yet  it 
Appears  not  how  the  upper-part  of  the  empded  cylinder,  that  remans  at 
4reft  all  (he  while,  or  any  ps^i^it,   endeavours  to  dxaw  the  deprefs'd 
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^^^  '■  fucker,  and  the  anirfx'd  weights  to  it ;  tho'  luch  as  behold  the  afcent 
^^f^^  of  the  fucker,  without  confidering  the  caufe  of  it,  readily  conclude  it  to  be 
rais'd  by  fome  fecret  thing,  that  powerfully  fucks  or  attrafts  it.  Whence 
it  feems  not  abfolutely  neceflary  to  fuftion,  that  there  be  in  the  body, 
which  is  faid  to  fuck,  an  endeavour,  or  motion  in  order  thereto;  but  ra- 
ther that  fuftion  may  be  reduced  to  trufion,  and  its  effefts  afcribed  to  a 
preffure  of  the  neighbouring  air,  upon  the  bodies  contiguous  to  that  which 
is  faid  to  attraft  them.  To  objeift  here,  that  fome  particles  of  air,  re- 
maining in  the  emptied  cylinder,  attrafted  this  weight,  to  obviate  a  va- 
cuum, is  to  no  purpofe  ;  unlefs  it  can  clearly  be  made  out,  by  what  grap- 
Eling  inftruments  the  external  air  could  take  hold  of  the  fucker  ;  how  lb 
tt!e  of  it  obtain'd  the  force  to  raiie  fo  great  a  weiglit ;  and  why,  upon 
letting  a  little  more  air  into  one  of  our  evacuated  veflels,  the  artraftion 
is  much  weakned.  For  that  ftill  there  remain'd  m  the  exhaufted  cj'Hnder 
many  little  empty  fpaces,  may  appear  by  the  great  violence  wherewith 
the  air  ruOieth  in,  if  it  be  permitted  to  enter.  In  the  next  place,  thele 
experiments  may  teach  us,  what  to  judge  of  the  vulgar  axiom.  That  na- 
■  ture  utterly  abhors  a  vacuum;  fothat  no  human  power  is  able  to  make  one 

iitaWi/.    in  the  univerfe.     For,  if  by  a  vacuum  we  underftand  a  place  perfectly  free 
I  from  all  corporeal  fubftance,  it  may  be  plaulibly  maintain 'd,   that  there  is 

no  fuch  thing  in  the  world.  But  the  generality  of  the  plenifts  take  not  the 
word  in  fo  ftrift  a  fenfe.  For  when  they  alledge,  that  by  fucking  water 
tliro'  a  long  pipe,  the  liquor,  contrary  to  its  nature,  afcends  into  the  mouth, 
only  to  fill  up  that  fpace,  made  by  the  dilatation  of  the  breaft  and  lungs, 
which  would,  otherwife,  in  part,  be  empty  ;  and  when  they  tell  us» 
that  the  reafon  why  in  a  gardener's  watering-pot,  conically  Ihaped,  and 
filled  with  water,  none  falls  thro'  the  numerous  holes  at  the  bottom, 
whjift  the  orifice  at  the  zcfp,  is  clos'd ;  muft  be,  that  if,  in  cafe  tho 
water  fliould  defcend,  the  air  bdng  unable  to  fucceed  it,  there  would  be 
left  a  vacuum  at  the  upper  part  of  the  veffei,  theyfeemto  mean  by  a 
vacuum,  any  fpace  here  below,  that  is  not  fiU'd  with  a  vifible  body,  or,  at 
leaft,  with  air,  tho''  it  be  not  quite  deftitute  of  all  bodies  whatfoever. 

Taking  then,  a  vacuum  in  this  vu^r  and  obvious  lenfe,  the  common 
opinion  about  it  feems  liable  to  feveral  exceptions,  whereof  fome  of  the 
chief  are  fuggefted  by  our  engine. 

It  feems  unintelligible,  how  hatred,  or  averfion,  which  is' a  paflion  of 
the  foul,  can  either  for  a  vacuum,  or  any  other  objed,  be  fuppofed  in 
water,  or  any  inanimate  body,  which  cannot  be  prefumM  to  know  when 
ft  vacuum  would  enfue,  if  they  did  not  attempt  to  prevent  it  ;  nor  to 
aft  contrary  to  what  ismofl  conducive  to  their  own  particuUr  preferva- 
tion,  for  the  good  of  the  univerfe.  The  meaning,  therefore,  of  this  meta- 
phorical expreflion  feems  to  be,  that  by  the  wife  author  of  nature,  the 
univerfe,  and  the  parts  of  it,  are  fo  contrived,  that  itisashardto  make 
a  vacuum  in  it,  as  if  they  ftudioufly  confpired  to  prevent  it. 

But  our  experiments  teadi,  that  this  fuppofed  arerfion  of  nature  to  a 
vacuum,  is  merely  accidental,  or  confequent  upoo  the  w^ghty  fluidity,  or 

fluXL- 
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fluxiUty  of  the  bodies  here  bdow ;  and^  perhaps^  principally  of  thefpTing'^^^*^**^ 
of  the  air,  whofe  conftant  endeavour  to  expand  every    way,    makes  ^^^'^ 
it  either  rufh,  or  compel  the  interpofed  bodies,  into  all  fpaces  where  it 
finds  no  greater  ref^nce  than  it  can  fnrmount ;  and  ihew,  that  the  pow- 
er, exerdfed  by  nature,  to  avoid,  or  repienifh  a  vacuum,  is  limited^  and 
may  be  determined  even  to  pounds  and  ounces  *. 

And  the  experiment  we  are  now  upon,  affords  us  a  notable  proof  of  the 
unheeded  flrength  of  the  preflure  furfain'd  by  the  free  air,  which  we  prer 
fume  to  be  uncomprefsM :  for  hence  we  fee,  that  even  in  our  climate, 
and  without  any  other  compreffion  than  what  is  natural,  or  ordinary,  it 
bears  fo  ftrongly  upon  contiguous  bodies,  that  a  cylinder  of  it>  not  exceed- 
ing three  inches  in  diameter,  is  able  to  raife,  ana  cany  up  a  weight,  a- 
mounting  to  between  fixteen  and  feventeen  hundred  ounces.  In  more  nor^ 
them  countries,  the  air  may  be  much  thicker,  and  able  to  fuppon  a 
greater  weight ;  fince  the  Hollanders,  who  were  forced  to  winter  in  Nova 
Zembla,  foimd  the  air  there  fo  condensM,  that  they  could  not  make  their 
clock  go,  by  a  very  great  addition  to  the  weights  that  ufed  to  move  it. 

34.  We  took  a  dry  bladder^  flrongly  ty'd  at  the  neck^  and  about  half 
filled  with  air,  and  fattening  it  to  one  part  of  a  very  exadt  balance,  we 
put  a  metalline  counterpoife  into  the  oppofite  fcale ;  and  fb  the  two  weights 
being  brought  to  an  equilibrium,  the  balance  was  convey 'd  into  the  XGCti-Baiis  \fi^ 
ver,  and  fufpended  from  the  cover  of  it :  when  we  obferv'd,  that  prefently  I^^^SJ] 
after  laying  on  the  cover,  the  bladder  appeared  to  preponderate  ;  where-  9qi^M9m  v^ 
upon  the  fcales  being  taken  out,  and  reduced  very  near  to  an  equilibrium, 
yet  ib,  that  a  little  advantage  remained  on  that  fide  to  which  the  metalline 
weight  belonged;  thev  were  again  let  down  into  the  receiver,  which  was 

Ereletitly  dofed.  ooon  after  this>  before  the  pump  was  workM,  the 
ladder  ieem'd  again  a  little  to  preponderate ;  and  the  air  in  the  glaff 
beginning  to  be  drawn  out,  the  bladder  expanded  itfelf,  and  greatly  rai-r 
fed  the  oppofite  weight,  by  drawing  down  the  fcale  to  which  it  was  faften'd^ 
efpecially  when  the  air  mid  fwell'd  it  to  its  full  extent.  This  done,.,  w^. 
very  leifurely  let  in  the  external  air,  andobferv^d  that^  )ipon  the  flagging 
of  the  bladder,  the  fcale  whereto  it  was  fsiAen^d,:  not  oiUy,  by  de^ees^ 
returned  to  an  equilibrium  with  the  other ;  but,  at  length,  was  a  little  out- 
weight  by  it ;  tho*^  the  bladder,  after  a  while,  began  again  to  preponde- 
rate, and,  by  degrees,  to  fink  lower  for  feveral  hours  :  whereforCi  leaving 
the  veflel  clofed  up  all  night,  we^  next  morning,  found  the  bladder  fallen 

fpeclfically  h^a^ier  than  iti    But,  if  a 

Qimntirv   of,  matter  may,    by   rarifa- 

fiioD,   oe  diminifh'd  io.  a  given  fpace^ 

why  may  it  not  diminifll  in  inpnHum  f 

If  all  tne  folid  particles   of    bodies, 

are  of  the  lame  deniity,  that  is,  have 

**  their  vhei  hurtU  as  then:  magnitudes, 

**  and  cannot  be  rarified,  withput  leaving 

**  ppr^s,  theremuftbea  vacuttov^Nefvf^ff. 

Fmcif.  p,  3j58« 


^^'All  the  parts  of  fpace,**  fays  Sir  Ifaae 
Newtcff,**  are  not  equally  fiili;  fbrifthey> 
**  were,  the  fpecific  gravity  of  the  fluio, 
''  vyhich  would  fill  the  region  of  the  air, 
**  could  not,  by  reafon  of  the  exceeding 
*^  great  denifty  of  its  matter,  give  way  to 
**  the  fpecific  gravity  of quiek-filver,  gold, 
**  or  any  body  now  denfe  ibever ;  whence 
**  nether  ^old,  nor  any  other  bod¥r  could 
*^  defcend  m  the  air.  For  no  bodies  can 
y  defcend  in  a   flai<^  unlefi  Aq   bcr 


cc 
«c 
«c 
ic 

4t 


Jtt 


_  Phyfico-mechanical  Exptriments. 

gf«»-'yetlower:  ftsif  theveryfubftanceof  it,  had  imbibed  fome  of  the  moiftun 
wherewith  the  air  then  abounded  ;  as  the  ftrings  of  mufical  inftruments, 
are  known  to  fwell  fo  much  in  rainy  weather,  as  to  break.  This  conjec- 
ture is  the  more  to  be  regarded,  becaufe  having  a  liccle  warm'd  the 
bladder,  wc  found  it  lighter  than  the  oppofite  weight.  And,  without  rc^- 
moving  the  fcalcs,  or  the  cover  of  the  receiver,  we  again  caus'd  the  air 
to  be  drawn  out  ;  the  weather  continiung  very  moift ;  but  found  not  any 
manilefl:  alteration  in  the  balance. 

But  to  make  the  experiment  with  a  body,  lefs  apt  to  be  alter 'd  by  the 
temperature  of  the  air,  than  a  bladder,  we  brouglit  the  fcales  again  to 
an  equilibrium  with  two  weights,  the  one  lead,  and  the  other  cork.     And, 
having  exhaufted  the  receiver,  oblerv'd,  that  both  upon  the  exfuftion, 
and  alter  the   return  of  the  air,  the  cork  manifcftly  preponderated  :  and 
much  more,  a  while  after  the  air  bad  been  let  in  again,  than  whilft  it  was 
kept  out.     Wherefore,  for  the  cork,  we  fubftitutcd  a  piece  of  charcoal,  as 
Icis  likely  to  imbibe  any  moifture  from  the  air  ;  but  the  event  proved  much 
the  lame  ;  fo  that  this  experiment  feems  very  liable  to  cafualties. 
^,^        J  J.  The  true  caufe  of  the  afcent  of  liquors,  in  fiphons  and  filtres.rc- 
^jtf.  maining  unknown  j  we  were  defirous  to  try  whether  the  pre(Uire  of  the 
*■**•     air  might  reafonably  be  luppofed  to  have  any  confiderable  fhare  in  it. 
Bnt,  becaufe  we  could  not  fo  far  evacuate  our  receiver,  but  the  remain- 
ing air  would  impel  the  water  to  a  greater  height  than  is  ufual  in  filtra- 
tioflS;  inftead  or  a  lift  of  cotton,  or  the  like  filtre,  we  made  ufe  of  a  fi- 
phonofglafs,  confifting  of  three  pieces,  two  ftrait,  and  the  third  crooked, 
'•  to  join  them  together;  whofe  junftures  were  carefully  clofed,  that  no  air 

might  find  entrance  at  them  :  one  of  the  legs  of  this  fiphon  was  fome- 
what  longer  than  the  other,  and  pervious  at  the  bottom  of  it,  only  by  a 
hole  almoft  as  (lender  as  a  hair,  that  the  water  might  drop  very  gently 
^TJUt  of  it.  The  fhorter  1^  of  the  fiphon  was  quite  open  at  the  en(C  ^a 
of  the  &me  diameter  with  the  reft  of  the  pipe ;  that  ts,  about  a  fourth  of 
an  inch.  The  whole  flphon  was  defign'd  to  be  about  a  foot  and  a  half 
long,  that  the  remaining  air>  When  the  veflel  was  exhaufted,  might  not 
impel  the'water  to  the  top  of  it :  then  the  fiph<m,  being  inverted,  was 
fill  d  With  water,  and  the  flioiter  kg  let  down,  two  or  three  inches, 
into  a  glftfs-veflel ;  whilft  the  iif  per  pftn  remain'd  £tften*d  to  the  infide  of 
the  cover  of  the  Mceiver. 

And,  till  a  confiderable  quantity  of  the'air  had  been  evacuated,  the  water 
•dropp'd  ffeely  out  at  the  lower  end  of  the  lower  leg  of  the  fiphon ;  as  if 
-the  experiment  had  been -made  in  the-fi:ee  air:  'but,  afterwards,  the 
fndibles  b^ii  to  app^r  in  the'Water;  and,'fllcending  tothe  top  of  the 
ffph'on,  run  into  one,  whichViraS'gradually'anginedRd  by  the  lifing  of  oriier 
tubbles,  that,  from  time  to  time,  broke  into  it,  but  much  more  by  its 
own  dilatation,  which  increafed»pf{^)drtionably,  as  the  receiver  was  eva- 
'cuated  fothat,  atlength,  thewatfcr,  in  themorterteg,  was reduced,'by 
'thetttcradHon  of  the  ambient  air;  and  the  expanfion  "of  the  'great  bubble, 
»t  the  upper  pan  of  the  fiphon,  to  the  height  only  of  afoot ;  "whence,  the 

courfe 
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fourfe  of  the  water,  in  the  fiphon^  was  interrupted,  and  that  which  re-  ^^^Sijil*^ 
inain*d  in  the  longer  Itg  of  it,  continued  fufpended  there,  without  drop-  ^^^^^Z- 
jHUg  any  longer.  But,  upon  turning  the  ftop-cock,  the  external  air  got 
into  the  (iphon,  by  the  little  hde  at  which  the  water  formerly  droppM 
out :  and,  traverfine  all  the  incumbent  cylinder  of  water,  in  the  form  of 
bubbles,  join'd  itfeU  with  that  air  which  before  poflefiTed  the  top  of  the 
fiphon. 

To  prevent  the  inconveniences  arifing  £:om  the(e  bubbles,  two  glafs* 
pjpeSj  i\ke  the  former,  were  ib  placed,  as  to  terminate  together  in  die  midft  i^i*  $%> 
of^  the  belly  of  a  glafs-vial,  into  whofe  neck  they  were  cemented;  and 
then  both  the  vial,  and  the  jHpes,  being  filled  with  water,  the  fiphon  was 
placed  with  its  fliorter  leg  in  the  glafs  of  water,  as  before  ;  and  the  expe^ 
riment  being  pro&cuted  after  the  fame  manner,  much  more  air  was  now 
drawn  out  betore  the  bubbles  caufed  any  difhirbance  ;  becaufe  there  was 
room  enough  in  the  vial  for  them  to  ftretch,  without  depreffing  the  watet 
below  the  ends  of  the  pipes ;  and  during  this  time,  the  water  continued  to 
drop  out  of  the  lower  leg  of  the  fiphon.  Bu^  at  len^,  the  receiver  being 
very  much  emptied,  the  water  c^ed  to  run  thro'  t^e  fiphon  ;  the  upper 
ends  of ^ the  pipes  beginning  to  appear  above  the  remaining  water  in  the 
vial,  the  dilated  air  wherein,  feem  d  likewife  to  prefs  down  the  water  in 
the  pipes,  and  fill  the  upper  part  of  them. 

Hence,  the  experiment  being  interrupted,  we  let  in  the  air  again^ 
which,  according  to  its  various  proportions  of  preflure,  to  that  of  the  air 
in  the  vial,  and  the  pipes,  exhibited  a  pleafing  variety  of  phenomena.  And 
upon  the  whole,  there  feem'd  little  cat^e  to  doubt,  ir  the  bubbles  had 
not  difturb'd  the  experiment,  that  the  courfe  of  water,  thro'  fiphons^ 
would  have  appeared  to  depend  upon  the  preflure  of  the  air. 

An  eminent  mathematician  lately  told  me,  fbme  Firench  gentlemen  had  JJSjlfftiiwI 
obferv'd,  that,  if  one  end  of  a  flender  open  pipe  of  glafs,  be  dipped  in  wa-  ^^^      < 
ter,  the  liquor  will  afcend  to  fome  heignt  in  the  pipe,  tho'  held  perpendi- 
cular to  the  plain  of  the  water;  and,  foon  after,  brought  me  two  or  three 
fmall  pipes  of  glafs,  which  gave  me  the  opportunity  of  trying  it :  tho*  I 
had  often  before,  in  the  long  and  flender  tube$  of  fome  weather-glafTes-^ 
made  after  a  peculiar  manner,   taken  notice  of  the  like  afcent  of  li- 
quors \  but,  prefuminj;  it  to  be  cafiial,  I  made  little  r^e£fcion  upon  it* 
But,  after  this  trial,  fuppofing  that  tho'  the  water,  in  thefe  pipes,  rofe  not 
above  a  quarter  of  an  inch ;  yet,  if  the  tubes  were  flender  enough,  it  might 
afcend  to  a  much  greater  height ;  I  caufed  feveral  of  them  to  be  dextrpufly. 
drawn  at  the  flame  of  a  lamp,  in  one  of  which,  that  was  almofl  incredibly 
flender,  we  found,  the  water  afcended  five  inches,  tho'  the  pipe  were. 
held  ereft:  but,  if  it  were  inclined,  the  water  Vould  fill  a'  greater  pa^;;t 
thereof.    We  alfo  found,  that,  when  the  inffde  of  the  pipe  was  wetted 
before*-hand,  the  water  would  riie  much  bett^  than  o^herwiie.    Andibnitf 
of  thefe  flender  pipes,  being  bent,  like  fiphons,  we  immersed  the  Aorter 
leg  of  one  in  a  glals  erf  fai«  water ;  and  found,  that  the  water,  tifing  to- 
the  top  of  the  fiphon>  of  itfblf,  ran  down  the  loiger  leg^  and  continued. 

run- 
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oM»Tie..rviiining,  I'lfee  an  ordiiwiy  fiphon.  The  caufe  of  this  afcent  of  the  water, 
'"^^"^^  appears  very  difficult  to  dilcover*.  We  try'd,  indeed,  by  conveying  a 
very  (lender  pipe,  and  a  I'mall  vell'el  of  water,  into  our  engine,  whether 
the  exfu£lion  or  the  ambient  air  would  aflift  us  herein;  but,  tho*  wc  cm- 
ploy'd  red  wine,  inftead  of  water,  yet  we  could  fcarce  certainly  perceive, 
thorough  fo  much  glafs  as  was  interpofed  betwixt  our  eyes  ana  the  li- 
quor, what  happen 'd  in  a  pipe  fo  flender,  that  the  rcdnefs  of  the  wine 
was  fcarce  vifible  in  it.  But,  as  far  as  we  could  difcern,  there  happen 'd 
no  great  alteration  to  the  liquor  ;  which  feem'd  the  lei's  ftrange,  becaufe 
the  fpring  of  that  air,  which  might  deprcfs  the  water  in  the  pipe,  was 
equally  deljilitated  with  that  which  remain'd  to  prefs  upon  the  furface  of 
the  water  in  the  little  glais.  Wherefore,  in  favour  of  that  conjefture,  which 
aicribes  this  phenomenon  to  the  greater  preiTure  upon  the  water  by  the  air, 
withoxit  the  pipe,  than  by  that  within,  it  was  (hewn,  that,  in  cafe  the 
little  glafs-rellel  of  water  were  (b  clofed,  that  the  air  might,  by  the  mouth, 
be  fuck'd  out  of  it,  the  water  would  immediately  fubfide  in  the  fmall 
pipe.  Hence,  we  might  infer,  that  it  afcended  beibre,  by  the  pref- 
fure  of  the  incumbent  air  j  only  it  may  be  objefted,  that  this,  perhaps, 
would  not  happen,  were  the  upper  end  of  tlie  pipe  in  a  vacuum  ;  as  alio, 
that,  'lis  very  probable,  the  water  may  fubfide,  not  becaufe  the  prefiure 
of  the  internal  air  is  taken  off  by  fuftion,  but  becaufe  the  Ipring  of  the 
external  air  impels  the  water  in  its  way  to  the  cavity,  dcierted  by  the 
other  air;  and  would  as  well  impel  the  fame  water  upwards,  as  make  it 
fubfide,  were  it  not  for  the  accidental  pofture  of  the  glafles.  'Twere  here, 
likewife,  proper  to  inquire,  why  the  furface  of  water,  in  pipes,  (hould 
be  concave;  and,  on  the  contrary,  that  of  quick-filver,  convex;  and  why, 
if  the  end  of  a  (lender  pipe  be  dipp'd  in  the  latter,  the  furface  of  that 
fluid  will  be  lower  within  the  pipe,  than  without. 
.  31$.  We  caufoj  a  glafs-bubble  to  be  blown  at  the  flame  of  a  lampj  about 
the  fize  of  a  finaU  iiai-^g,  and  of  an  oval  form ;  only,  at  one  end,  there 


*  Tfah  phenomenon,  the  fulpenfion  of 
water  in  capillary  tuto,  ii,  with  great  fa- 
gacitf ,  accouncea  for  by  Dr.  Jt^rin ;  who 
praret  it  owing  to  the  attra&ioa  Of' the 
upper  periphery,  or  fefiion,  of  the  con- 
cave luperficiet  of  the  Cube ;  that  ii,  « 
IJiuJl  furface,  or  annului,  whole  bafe  if 
that  periphery,  and  height  the  diftioce, 
whereto  toe  anra&ive  power  of  the  glafs 
extendi.  For  the  gravity  of  the  water 
riut  entert  the  orif^e  of  the  tube,  vpoo 
in  iromerCtm,  being  immediitely  t^fceo 
off.  by  the  attrauion  of  the  annulus, 
trherewith  its  upper  fur&ce  is  in  contaft, 
the  water  mu6  neccQarilf  rife  higher,  by 
reafoD  of  the  preOiire  of  the  fiagnant  flu- 
id, and  the  attrafiion  of  the  periphery 
immeduuely  above  that  whereto  the  up- 


per furface  of  the  water  ii  already  conti- 
guous. The  confideration  of  this  pheno- 
menon, and  the  expcriaenti  made  with 
relation  to  it,  boch  in  water  and  quick- 
lilver  ;  thofe  made  with  the  latter, 
proving  exa£llf  the  reverie  of  the  for- 
mer i  led  the  DoSor  to  cleat  the  whole 
matter,  by  Oiewing,  thai  the  partidei 
of  water  attrafl  each  other  ;  that  the 
particles  of  quick-lilvcr  attraQ  each  o- 
fber  ;  that  water  is  attraEicd  by  glafs  ; 
that  qutck-Hlver  is  attraScd  by  glafs  ; 
that  tiie  particle*  of  water  are  more 
fh-ongly  attrafled  by  glafs,  than  by  one 
another  ;  and,  lafUy,  that  the  particlen  of 
qui  k-filver  arc  more  ftronglv  anrafted  by 
each  other,  than  byglafs.  See  «U  thele 
proved  in  the Pi-fo/Thw/.  N*  jjj.  p.739. 
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was  drawn  out  an  exceeding  flendcr  pipe,  that  the  bubble  might  be  fealM  ?y2i^[^ 
up,  with  as  little  rarifaftion,  of  the  air  included  in  the  great  cavity,  as  pof- 
fible.  This  glafs,  being  feal'd,  was  faften'd  to  one  of  the  fcales  or  an 
exa£l  balance  ^  and,  being  counterpoised  with  a  weight  of  lead,  was  con- 
veyed into  the  receiver,  and  clofea  up  in  it.  The  beam  appealing  to  con- 
tinue horizontal,  the  pump  was  fet  on  work;  and,  after  two  or  three 
exfudtions,  the  balance  inclined  to  that  fide  on  which  the  bubble  hung ; 
which,  as  the  air  was  farther  drawn  out,  preponderated  more  manifeftly : 
at  length,  the  air  being  gradually  let  in  again,  the  fcales,  by  degrees,  re- 
turned to  an  equilibrium.  Then  we  took  them  out,  and  caiting  into  that 
fcale,  to  which  the  lead  belongM,  three  fbunhs  of  a  grain,  we  ajgain  placed 
them  in  the  recover ;  which,  being  clofed  and  exhaufted  as  before,  as  the 
air  was  drawn  out,  fo  the  glafs-bubble  came  nearer  to  an  equilibrium 
with  the  other  weight,  till  the  beam  ftood  horizontal :  which,  by  another 
trial,  we  could  not  bring  it  to  do,  when  one  fourth  of  a  ^ain  more  was 
added  to  the  fcale  whereto  the  lead  belongM.  Tho',  without  doubt,  if 
we  could  have  perfeftly  evacuated  the  receiver,  the  air  included  in  the 
bubble,  would  have  weigh'd  above  a  grain ;  tho'  it  were  fbmewhat  rari- 
fy'd  by  the  flame  wherewith  the  bubble  was  feal*d.  And,  upon  the  re- 
turn of  the  excluded  air,  the  lead,  and  the  weight  caft  into  the  fame 
fcale,  did  again  very  much  preponderate. 

We,  likewife,  convey'd  into  the  receiver,  the  fame  bubble,  open'd  at 
the  end  of  the  flender  pipe  above-mentionM ;  but,  having  drawn  out  the 
air  as  ufual,  we  found  not,  as  before,  the  bubble  to  out-weigh  the  oppo-* 
fite  lead :  fo  that  by  the  help  of  our  engine,  we  can  weigh  the  air,  as  we 
weigh  other  bodies,  in  its  natural  or  ordinary  confiftence, without  condenfing 
it.  Nay,  ha^ne  convey'd  a  lamb's  bladder,  half  full  of  air,  into  the 
receiver,  we  obierv'd,  thattho'  upon  workii^  the  pump  the  imprifbn'd  air 
expanded,  till  it  feem'd  ready  to  burft  the  bladder ;  yet  this  rariiied  air, 
manifeftly  depreCfed  the  fcale  whereto  it  was  annexed. 

And,  naving  once  caus'd  the  pump  to  be  obfHnately  plyM,  in  repeating  WUOtetj^uuu 
the  former  experiment,  the  imprifbn'd  air  broke  the  containing  glais-bub-^*"^' ***"'' 
ble,  and  threw  the  greatefl  part  of  it  againft  the  fide  dF  the  receiver^ 
whereby  'twas  fhattcr'd  into  a  multitude  of  pieces.  Hence  we  may  dif- 
cem,  01  how  clofe  a  texture  glafls  is,  fince  fo  very  thin  a  film  of  it,  as  this 
bubble  was,  prov'd  fb  impervious  to  the  air,  that  it  could  not  cet  away 
thro*  the  pores,  but  was  forced  to  break  the  glafs  in  pieces,  to  free  itfett; 
and  this,  notwithflanding  the  time,  and  advantage  it  had,  to  force  thro'  the 
pores.  This  I  mention,  that  our  experiments  may  receive  no  prejudice 
from  one  I  happened  to  make  lone  fince  ;  which  nnght  be  drawn  to  coun- 
tenance their  opinion,  who  would  perfuade  us  that  glafs  is  pervious  to  air, 
properly  fo  call'd  :  for,  in  diftilling  a  certain  fubftance,  greatly  abounding 
with  fubtile  fpirits,  and  a  volatile  fait,  in  a  ftrong  earthen  veflel,  of  an  un- 
ufual  fhape,  to  whidi  was  luted  a  large  receiver  of  green  glafs ;  the  fire 
was,  by  accident,  fo  exceffively  increased,  that  we  round  the  fpirituous 
and  fiilme  corpufcles,  thrown  over  fo  hot,  and  in  fuch  plenty,  into  the  re- 
V  o  L.  II.  M  m  m  ceiver 
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JiT'^y  ccivcr,  as  to  render  it  all  opake,  and  likely  to  fly  in  pieces.  We  ventur'd, 
'^  however,  to  approach  it,  and  obferv'd,  on  the  outfide  thereof,  at  a  great 
diftance  from  the  junflure,  there  was  fettled  a  round,  whitifh  fpoc,  or 
two,  which,  at  fiift,  we  thought  might  be  Ibme  ftain  upon  the  glafs  ;  but 
after  finding  it,  in  fevcral  qualities,  Uke  the  oil  and  fait  of  the  concrete 
diftill'd,  we  fiifpeded,  that  the  moft  fubtile,  and  fugitive  parts  of  the 
impetuous  fleams,  had  penetrated  the  fubftance  of  the  glafs,  and,  by  the 
cold  of  the  ambient  air,  were  condenfed  on  the  furface  of  it.  And,  iudecii, 
upon  examining  the  whole  matter,  a  number  of  us  unaninioufly  conclu- 
^d,  that  the  Aibtile  parts  of  the  diftill'd  matter,  being  violently  agi- 
ktatedby  the  excefliie  heat,  had  pafs'd  through  the  pores  of  the  glafs 
[■Oiade  wide  by  the  fame  heat.  But  this  having  never  happen'd,  more 'than 
I  OQce,  in  any  of  the  diftillations  we  Iiave  either  made,  or  feen,  it  is  much 
fjsiore  reafonable  to  fuppole,  that  the  pervioufnefs  of  our  receiver,  to  a 
r  body  much  more  fubtile  than  air,  proceeded  from  the  looler  texture  of 
that  particular  parcel  of  metal,  the  receiver  was  made  ofj  for  all  glafs 
1$  not  equally  compaft,  and  folid;  and  firom  the  prodigious  heat,  which, 
[  Tt^ether  with  the  vehement  agitation  of  the  fubtile  fpirics,  open'd  the  pores 
f  of  the  glafs  ;  than  to  imagine,  that  fuch  a  fubftance  as  air,  Ihould  be  able 
I  ifi  permeate  the  body  of  glafs,  contrary  to  the  teftiraony  of  a  thoufand 
*  thymical  and  mechanical  experiments  \  and,  of  many  made  in  our  en- 
gine- 

FMtraiiR;  And,  the  following  experiment  feems  tOTcach,  that  tho'  air,  when  fuf- 
^i'wki  'iciently  comprefs'd,  may,  perhaps,  get  entrance  into  finaller  cavities,  than 
fn»t{r,  water  ;  yet,  unlefs  the  air  be  forc'd  in,  it  will  not  pafs  them,  wluhi  they 
may  admit  of  water.  I  took  a  glafs  liphon,  the  lower  end  of  whofe  loa- 
geft  leg  was  dra\^ti  fo  flender,  that  the  orifice,  at  which  the  water  was 
to  fall  out,  would  hardly  admit  a  very  fmall  pin.  This  fiphon  being  in- 
verted, wefo  order'd  it,,that  a  little  bubble  of  air  was  intercepted  in  the 
flendcreft  part,  betwixt  the  little  orifice,  juft  mention 'd,  and  the  incum- 
bent water  i  whence  the  air,  being  not  to  be  forced  thro'  fo  narrow  a  paf- 
fage,  by  fo  light  a  cylinder  of  water,  as  refted.  upon  it,  hinder'd  the  Ar- 
cher efflux  of^the  water,  as  long  as  we  kt  it  flay  in  that  narrow  place  : 
but  when,  by  blowing  a  httle  at  the  wider  end  or  the  fiphon,  that  fmalL 
parcel  of  air  was  forc'd  out,  with  ibme  water ;  the  remaining  water  that 
before  continued  fufpended,  began  freely  to  drop  down  again,  as  before. 
And  a  glafs  pipe,  either  in  the  form  of  a  fiphon,  or  otherwife,  half  an 
inch  in  diameter,  but  at  one  end  fo  flender,  as  to  terminate  in  an  orifice 
/  filmoft  as  fmall  as  a  horle-hair,  be  fill'd  with  water,  it  will  drop  down 
freely  thorough  the  flender  extremity.  But  if  the  pipe  be  inverted,  the 
air  will  not  eafily  get  in  at  the  Imall  hole,  thro*^  which  the  water  pafs'd. 
For,  in  the  fliarp  end  of  the  pipe,  fome  inches  of  water  will  remain  fuf- 
pended ;  which,  probably,  would  not  happen,  if  the  air  could  get  in  to 
fucceed  it ;  fince,  iftheoriiice  were  a  httle  wider,  the  water  would  imme- 
diately fubfide.  And  tho'  when  the  pipe  is  many  inches  long,  a,  great 
part  of  the  watei  will  run  down  at  the  wider  orifice  ;  yet  that  &enis. 
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to  happen  for  ibmc  other  reafon,  thairbecaufe  the  air  fuccecds  it  at  the  p»«j**^ic«. 
upper  and  narrow  one ;  fincc  all  the  flender  part  of  the  pipe,  and,  perhaps^  ^^-^V^^ 
fome  inches  more,  will  continue  full  of  water. 

And,  tho'  we  have  formerly  fliewn,  that  the  aexial  corpufcles  cannot 
pafs  thro'  the  pores  of  a  lamb's  bladder ;  *  yet,  particles  of  water  will ;  as 
may  eafily  be  try'd,  by  very  clofely  tying  a  little  alkaline  fait  in  a  fine  blad* 
der,  and  dipping  its  lower  end  in  water :  for,  if  it  be  held  there  for  a 
competent  time,  there  will  ftrain  thro*  the  pores  of  the  bladder,  water  e- 
nough  to  dilTolve  the  fait  into  a  liquor. 

But,  to  return  to  our  bubble ;  we  endeavoured  to  meafure  its  capacity 
by  filling  it  with  water,  to  find  how  much  water  anfwerM,  in  weight,  to  -J-  of 
a  grain  of  air ;  but  all  the  cUligence  we  ufed  to  preferve  fo  brittle  a  veffel, 
could  not  prevent  its  breaking,  before  we  had  gained  our  point. 

But,  there  occurs  a  problem,  upon  occafion  of  the  flow  break- 
ing of  the  glafs  bubble  in  our  evacuated  receiver.  For,  it  might  feem 
ftrange,  fince  the  air,  as  we  have  feen,  expands  itfelf  by  its  own  internal 
Ipring,  twice  as  much  as  Merfennus  was  able  to  rarify  it  by  a  red-hot  aroli- 
pile ;  that  yet,  the  fpring  of  the  air  was  fcarce  able  to  break  a  very  thin  glafs 
bubble ;  and  utterly  unable  to  break  one  fbmewhat  thicker,  within  whofeca- 
vity  it  was  imprii!on*d  ;  whereas,  air  pcn'd  up,  and  agitated,  is  able  to  per- 
form effefts  fo  much  more  confideraole,  that  the  learned  jefuit  Cabeus  tells 
us,  he  faw  a  vaft  ftronjg  marble  pillar  quite  broken  off  in  the  middle,  by 
the  heat  proceeding  from  wood,  which  happened  to  be  burnt  juft  by 
it;  which  fo rarified  fbme  air  or  fpirituous  matter  fliut  up  in  the  cavities  of 
the  marble,  that  it  burft  thro'  the  folid  body  of  the  ftone  by  the  force  of 
cxpanfion.  But,  probably,  the  reafon  why  the  included  air  aid  not  break 
the  feal'd  bubbles,  in  our  exhaufted  receiver,  was,  that  being  fome- 
what  rarified  by  the  flame  employed  to  feal  the  glafs,  its  fpring  upon  the  re- 
cefs  of  the  heat  ^w  weaker  than  before.  Yet,  this  will  not,  alone,  ferve 
the  turn,  becaule,  much  fmaller  glafs  bubbles,  exaftly  clos'd,  will  by  the 
included  air  be  made  to  fly  in  pieces. 

We  took  an  acolipile  of  copper,  weighing  fix  ounces,  five  drams,  and  for-  rbipnftrt:%i  of 
ty-eight  grains ;  and  being  made  hot,  we    remov'd  it  from  the  fire,  and^^.*^'^*/ 
immediately  ftop'd  it  with  hard  wax,  that  no  air  might  get  in  at  its  orifice.  ^^". 
Then  the  arolipile,  being  fuffer'd  leifurely  to  cool.  Was  again  weich'd,  to- 
gether with  the  wax,  and  found  to  be  ux  ounces,  fix  drams,  and  thirty- 
nine  grains.    Laftly,  the  wax  being  perforated,   without  taking  any  of  it 
out  of  the  fcale,  the  external  air  was  fuffer'd  to  rufli  in  ;  and  then  the  jco- 


*  M.  Romberg  is  of  opinion,  that  water 
enters  fuch  narrow  pores  of  animal  fub- 
ftances,  as  will  not  admit  the  air,  only 
becaufe  it  moiftens  and  diflblves  the  gluti- 
nous matter  of  the  fine  fibres  of  the  mem- 
branes, and  alfo  renders  them  more  plia- 
ble and  difiraQile;    which    are  things. 


that  the  air,  for  want  of  a  wetting  pro- 
perty, cannot  do.  As  a  proof  of  this 
doQrine,  he  fill'd  a  bladder  with  air,  and 
comprefs'd  it  with  a  flone,  and  found  no 
air  to  come  out ;  but,  placing  the  blad* 
der,  thus  comprefs'd,  in  water,  that  air  ea- 
fily  eicapcd.  H</7«  deVAsad.  A.  i  y:o.  p.  1 7« 
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"i^'^I'Vipile,  and  wax,  being  ajjain  weigli'd,  amounted  to  fix  ounces,  fix  dramSi 

"^^  and  fifty  grains.    So  that  the  aolipile,  freed  as  far  as  our  fire  could  free 

it,  from  Its  air,  weigh'd  lefs  than  when  replenifli'd  with  air,  full  eleven 

[grains  ;  that  is,  the  air  containable  within  the  cavity  of  the  jrolipile,  a- 
mounted  to  eleven  grains,  and  fomcvhat  more.  And,  by  the  way,  if  there 
be  no  miftake  in  the  oblervation  of  Merfennus,  it  may  ieem  ftrange  that 

I  it  ftiould  fo  much  differ  from  two  or  three  of  ours  ;  in  none  of  which  we 

could  rarily  the  air  in  an  xolipile,  though  made  red-hoc,  almoll  all 
over,  and  Immediately  plung'd  into  cold  water,  to  half  that  degree  which 
he  mentions,  vi^..  feventy  times  its  natural  extent ;  unlefs  the  reolipile,  he 
employ 'd,  was  able  to  fuftain  a  more  vehement  heat  than  ours  * 
■  This  way  of  weighing  the  air,  by  the  help  of  an  lolipile,  feems  fbmc- 
V-hat  more  exafl:,  than  that  which  Merjeniim  ufed,  becaufe  we  weigh 'd 
not  the  xolipile  till  it  was  cold  ;  whereas  he  veigh'dit  red-hot,  whereby 
it  is  fubjeft  to  lofe  of  its  weight  in  cooling  :  foi",  copper  heated  red-hoc, 

!,  throws  off,  in  the  cooling,  little  thin  fcales  in  fuch  plenty,  that,  having  pur- 

pofely  watch'd  a  copper  arollpile,  during  its  refrigeration,  we  have  ieen 
the  place  round  about  it,  almoft  cover'd  with  them  every  way.  Perhaps, 
too,  the  Kolipile,  in  cooling,  may  not  receive  feme  little  increafe  of  weight, 
either  from  the  vapid,  or  faline  fleams  that  float  in  theair.  We  employ 'd, 
to  weigh  our  jcolipile,  both  when  fill'd  with  air,  and  when  replenifh  d  with 
water,  a  pair  of  fcales  that  would  turn  with  the  fourth  part  of  a  grain. 
As  to  the  proportion  of  weight  betwixt  air  and  water,  fome  learned  men 
have  attempted  to  fettle  it,  by  ways  fo  inaccurate,  that  tliey  fcem  to  have 
been  much  miftaken.  Rkdolus  having  purpofely  endeavour'd  to  difcover  this 
proportion,  by  means  of  a  thin  bladder,  eftimates  the  weight  of  the  air,  to 
that  of  the  water,  as  about  i  to  ro,ooo  ;  and,  indeed,  having  once  weigh 'd  a 
large  bladder,  full  of  air,  and  found  it  to  contain  1 4  grains  ;  the  fame  blad- 
der, afterwards  fiU'd  with  water,  contain'd  near  14  pounds  1  whence  the 
proportion  of  air  to  water,  feem'd,  almoft,  as  a  grain  to  a  pound,  that  is,  as 
I  to  above  7600.  On  the  other  hand,  Galileo  makes  the  air  to  water,  aS 
X  to  400,  Butour  way  of  weighing  the  air  by  an  jcolipile,  feems,  by  much, 
the  more  exaft.  And,  according  to  our  obfervations,  the  water  it  contain'd, 
amounting  to  21  ounces  and  a  half ;  and  as  much  air  as  was  requifite  to  fill 
it,  weighing  eleven  grains  j  the  proportion  in  gravity  of  air,  to  water  of  the 
iame  bulk,  will  be  as  i  to  938.  And  tho'  we  could  not  fill  the  xolipile  with 
water,  very  exa£tly ;  yet,  as  we  neither  could  perfedlly  drive  the  airoutof  it 

tartar,  reduced  to  fine  powder,  and  made 
hot,  to  the  neck  of  the  former  ;  fo  that 
the  excerntil  air  muft  paft  (lowly  lliro'  this 
fait,  before  ii  could  polEbty  get  inro  the 
exhaufled  veffel;  whereby  tne  air  that  cn- 
rrcd.wat  flrained,  and  perfefll?  freed  from 
any  moifture  chat  might  have  oeen  lodged 
therein.  The  vcflel  being  thuifill'd  with 
pure  air,  and  put  into  the  fcale,  wai  found 
to  weigh  at  much  ai  when  fill'd  with  ud- 
ptuged  air.  pt  Mitir*/iAtil.f.  7. 


*\t  maybe  pretended, that 'tisnot theair, 
but  fome  vapour,  or  exhalation,  contab'd 
in  it,  that  here  weighs  upon  the  balance. 
To  obviate  this  objettion,  M.  Mufcbwbneck 
contrived  the  ftJlowing  experiment.  'Tij 
■  known  thing  in  chymiftry,  that  dry  alka- 
line falls  attraO,  and  abforb  the  moifture 
of  the  air,  and  thereby  run,  ^r  Jtli^uiiim, 
as  'tis  called.  That  philofopher,  there- 
fore, having  exhaufied  a  proper  velTel  of 
it)  air,  fitted  another  veHel,  wherein  waa 
Jc^'d  »  Urgfi  tjanauty  of  very  dry  fidi  of 
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by  heat,  we  think  the  proportion  may  held  good  :  however,  in  a  round  fum  P*»«;ma»ici; 
we  may  fay,  water  is  near  looo  times  heavier  than  air.  And  accordingly,^  ^^^^f^^ 
having,  at  another  time,  put  fome  water  in  the  jeolipile,  before  we  fet  it  on 
the  fire,  that  the  vapours  of  the  rarified  liquor  might  the  better  drive 
out  the  air,  we  found,  upon  trial  carefully  made,  that  when  the  acolipile 
was  refrigerated,  and  the  included  vapours,  by  the  cold,  turn'd  again  into 
water ;  the  air  being  let  in,  increased  the  weight  of  the  acolipile,  eleven 
grains,  as  before,*  tho'  there  were  already  in  it,  twelve  drams,  and  i% 
grains  of  water,  which  remained  of  that  we  had  put  into  it,  to  drive  out 
wie  air.  MerfetmuSy  indeed,  tells  us,  that,  by  his  account,  air  is  in  weight 
to  water,  as  i  to  13?^^  and  adds,  that  we  may,  without  any  danger, 
fuppofe,  the  gravity  of  water  to  that  of  air  of  a.  like  bulk,  as  1 3  00  to  i  j 
and,  confequently,  that  a  quantity  of  air,  to  a  Quantity  of  water,  equi- 
ponderant thereto,  is  as  1300  to  i.  But  why  we  would  relinquifh  our  own 
carefully  repeated  trials,  I  fee  not  i  yet  I  am  unwilling  to  rejeft  thofe  of  fo 
accurate  and  ufeful  a  writer  i  and  therefore  fufpeA,  Siat  the  difference  in 
our  obfervations,  proceeds  from  the  different  confidence  of  the  air  at  £o«- 
don^  and  at  Paris  :  for,  our  air  being  more  cold  and  moift  than  theirs,  may 
be  fuppofed,  alfo,  to  be  a  fourth,  or  a  fifth  part  heavier.  Perhaps  it  may  be 
of  moment,  too,  that  our  obfervations  were  made  in  the  midtt  of  winter, 
whilfk  his  might  be  made  in  fome  warmer  part  of  the  year. 

It  might  be  expefted,    that  we  flioula,  from  thefe  and  other  obfer-  ^l^j^i^^^ 
vations,    decide  the  controverfy  about   the  height  of   the  atmofphere  ^  cmL^D. 
but,   tho'  it  feems  eafy  to  fhew  that  many  famous  writers  have  been 
miftaken  in  afligning  this  height  i  yet,  'tis  very  difficult,  precifely  to  define 
its  extent. 

Now,  we  have,  already  made  it  appear,  that  at  leaft  about  London^  the 

proportion  of  fpecific  gravity  betwixt  water  and  air,  is,  as  1000  to  i. 

And,  to  determine  the  diflference  in  weight  betwixt  water  and  quick- 

filver ;  we  took  a  glafs-pipe,  in  the  form  ofan  inverted  fiphon,  and  pouring 

into  it  a  quantity  of  quick-filver,  we  held  it  fb,  that  the  fuperficies  of  the 

liquor,  both  in  the  longer  and  ihorter  leg,  lay  in  the  horizontal  line  E  F;  then  ^4*  ^ 

pouring  water  into  the  longer  leg  of  the  fiphon,  till  that  was  almoftfiU'd,  we 

obferv  d  the  furface  of  the  quick-filver  in  that  leg  to  be,  by  the  weight  of  the 

water,  deprefs'd  from  E,  to  B,  and  in  the  ihorter  leg,  to  be  as  much  impelled 

upwards  from  F,  to  C.    And  having,  before-hand,  made  marks,  as  well 

at  the  point  B,  as  at  the  oppofite  point  D,  we  n>eafur'd  both  the  diftance 

D  C,  to  have  the  height  ot  the  cylinder  of  quick*filver,  which  was  rais'd 

above  the  point  D,  by  the  weight  of  the  water,  and  the  difbmce  B  A, 
* '  '  .     .  .  .      -r   .         ..    ,        ^  «    ^^  ^j^^  diftance' 

inches,  the  pro-*- 

We  alio  meafured  the  proportion  betwixt  quick-filver  and  water  by  the 
help  of  a  balance,  which  would  turn  with  the  hundredth  part  of  a  grain. 
But,  becaufe  an  over- fight  is  ufually  committed  in  weighing  q.uick-filver, 
and  water  i  efpecially,  if  the  orifice  of  the  containing  v^cL  be  wide  j  fince 

thp 
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■*Ti<:«  the  furface  of  water  in  veflels,  will  be  concave,  but  that  of  quick-CIver 
f^^  confiderably    convex  s  to  avoid  this  inconvenience,    we  made  ufe  of  z 

flafs-bubble,  blown  very  thin,  that  it  might  not  be  too  heavy  for  the 
alance,  and  terminating  in  a  very  (lender  neck,  wherein  the  concavity 
or  convexity  of  a  liquor  could  not  be  confiderable.  This  glafs  weigh- 
ing 23 -f  grains,  we  almoft  fill'ditwith  quick-fiher,  and  faftning  a  mark 
"*  over  againft  the  middle  of  the  protuberant  fuperficies,  we  found  that 
the  quick-filver  alone,  weigh'd  399'—  grains;  then  the  quick-filver 
being  pour'd  out,  and  the  fame  glafs  fiU'd  to  the  fame  height  with 
common  water,  we  found  it  to  weigh  ii-J- grains:  whereby,  it  appear 'd, 
that  the  weight  of  water  to  quick-fiUer,  is,  as  i  to  13  ff  ;  tho' the  illuftri- 
ous  Verulam,  merely  for  want  of  exaftinftnaments,  makes  the  proportion 
betwixt  them  greater  than  of  i  to  1 7.  And,  by  the  way,  fincc  quick-fil- 
ver, and  well  reftified  fpirit  of  wine  are  accounted,  one  the  heavieft,  and 
the  other  the  lighteft  of  fluids ;  with'the  fame  glafs,  and  fcales,  we  found, 
the  difference  betwixt  them,  to  be,  as  i  and  16  tIH  >  whence,  the  diffe- 
rence betwixt  highly  redlified  fpirit  of  wine,  and  common  water,  is,  as 
betwixt  1  and  Itti  .  But  to  avoid  fractions,  let  us  fuppofe  quick-filver  is 
fourteen  times  as  heavy  as  water.  We  have  then  given  us,  the  proportion 
of  air  to  water,  and  of  water  to  quick-filver  ;  from  whence,  it  is  eafy  to 
find  the  proportion  betwixt  air  and  quick-filver  ;  if  we  fuppofe  the  atrao- 
fphere  to  be  uniformly  of  fuch  a  confiftence  as  here  below.  For,  fince 
our  engine  hath  fufficiently  manifefted,  that  'tis  the  equilibrium  with  the 
external  air,  that,  in  the  Tomce/Z/ViB  experiment,  fuftains  the  quick-filver ; 
and,  fince  by  our  accurate  experiment,  formerly  mention 'd,  a  cylinder  ot 
mercury,  able  to  balance  a  cylinder  of  the  whole  atmofphcre,  amountedto 
about  thirty  inches  ;  and,  fince,  confcquently,  we  may  affume  the  proportion 
of  quick-filver  to  air,  to  be  as  14000  to  i  ;  it  will  follow,  that  a  cylinder 
of  air,  able  to  maintain  an  equilibrium  with  a  mercurial  cyUnder  of  two 
feet  and  a  half  in  height,  muft  amount  to  3  sooo  EugUJh  feet,  and  confcquent- 
ly to  feven  miles. 

But  we  cannot  fafely  conclude,  that  the  air  is  every  where  of  the  fame 
confiftence  we  found  it,  near  the  furface  of  the  earth  j  not  only  becaufe, 
as  Seneca  fays,  "  the  air  is  more  grols,  the  nearer  it  comes  to  the  earth,  as 
the  fi:ces  fall  to  the  bottom  in  water  ";  but  becaufe  the  fpringy  texture  of 
■  the  aerial  corpufcles  makes  them  capable  of  a  veiy  great  compreffure, 
which  the  weight  of  the  incumbent  part  of  the  atmofphere  exens  upon 
the  undermoft,  near  the  furface  of  the  earth.  And  as  we  have  feen,  that 
air,  much  rarify'd  without  heat,  may  eafilyadmit  afartherrarifadiion  with 
it;  and  that,  even  without  being  expandecl  thereby,  it  is  capable  of  being 
rarify'd  to  above  a  hundred  and  fifty  times  the  extent  it  ufually  poflcffeth 
here  below  ;  perhaps  the  atmofphere  may  rife  to  the  height  of  fome  hun- 
dred miles :  nay,  exhalations  may  afcend  much  higher,  if  there  was  no 
mtftake  in  that  ftrange  obfervation  made  at  Toloufe,  in  a  clear  night  in  Au- 
gttfi,  by  the  diligent  Emanuil  Magnart;  who,  as  Ricciolui  tells  us,  "  faw, 
irom  eleven  a-rclock  ac  night,  till  twelve,  while  the  moon  was  under  the 

"  horizon, 
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^*  horizon,  a  Kttle  lucid  cloud,  near  the  meridian,  and  almoft  in  the  ie-  f'^^JJlJ^^V 
**  nith,  which  could  be  illuminM  by  nothing  but  the  fun ;  and,  therefore,  ^■^'^^ 
**  muft  have  been  higher  than  the  whole  fliadow  of  the  earth.    And,**  fays 
Ricciolus,  "  the  like  phenomenon  was  obferv'd  by  the  great  mathematician 
"  Ricciusr 

Various  obfervations,  made  at  the  feet,  tops,  and  interjacent  parts  df 
high  moimtains,  might,  perhaps,  affift  us  to  make  an  eftimate,  in  what 
proportion  the  higher  air  is  thicker  than  the  lower ;  and  to  guefs  at  the 
different  confiftence,  as  to  laxity  and  compadnefs^  of  the  air,  at  feveral 
diftances  from  us.  And,  if  the  difficulties  about  the  refraftions  of  the 
celeftial  luminaries  were  fatisfaftorily  determined ;  that  might,  alfo,  con- 
duce to  affign  proper  limits  to  the  atmofphere.  But,  at  prefent,  we  dare 
not  pronounce  any  thing,  peremptorily,  concerning  the  height  of  it. 

37.  We  have  often  obfcrv'd,  that, when  the  fucker  of  our  pump  was  drawn  Vy^fT^\ 
down,  immediately  upon  turning  the  key,  there  appeared  a  kind  of  light  ^{^15  rfSlS^ 
in  the  receiver,  almoft  like  a  faint  flafli  ctf"  fiehtning,  in  the  day-time ;.  and  ^  Mr-iw^. 
almoft  as  fuddenly  did  it  appear,  and  vanifn.    When  wefirfttook  notice 
of  this  phenomenon,  the  day  was  clear,  the  hour  about  ten  in  the  morning, 
and  the  only  window  in  the  room  faced  the  north ;  and  we  found  that,  by 
interpofing  any  opake  body  between  the  receiver,  and  the  window,  tho* 
the  reft  of  the  room  were  fufficiently  enlightened,  yet  the  flaflics  did  not 
appear  as  before.    As  fbon  as  night  was  come,  we  made  the  room  very 
dark,  and  plying  the  pump,  as  in  the  morning,  could  not  find,  upon 
turning  the  key>  the  leaft  glimmering  of  light.    Whence  we  inftrr'd,  that 
the  flafli,  appearing  in  the  receiver,  did  not  proceed  from  any  new  light, 
generated  there  5  but  from  fome  refleftions  of  the  light  of  the  fun,  or 
other  luminous  bodies,  placed  without :  tho',  whence  the  reflection  ihould 
happen,  was  hard  to  fay. 

Wherefore,  the  next  morning  we  went  about  to  repeat  the  experiment ; 
but  tho'  we  could,  as  well  as  formerly,  exhauft  the  receiver ;  tho'  the 
place  wherein  we  made  the  trial,  was  the  very  fame  ;  and  tho'  other  cir- 
cumftances  correfponded  ;  yet  we  could  not  difcover  the  leaft  appearance 
of  light  all  that  day,  no  more  than  on  feveral  others :  nor  can  we,  to  this 
very  time,  be  fure,  a  day  before-hand,  that  thefe  flafhes  will  appear  in 
our  great  receiver.  Nay,  having  once  found  the  engine  difpofed  to  exKbit 
this  phenomenon,  we  fent  notice  of  it  to  Dr.  Wallis^  who  was  then  vei'y 
near  at  hand,  and  made  hafte  to  fatisfy  his  curiofity  ;  yet,  by  that  time  he 
arrived,  the  appearance  was  ceafed :  and  having  long,  in  vain,  endea-* 
vour'd  to  exhibit  it  again,  we  were,  after  all,,  unexpectedly  prefented  with 
a  few  flafhes.  -- 

And  this  contingency,  whereto  our  experiment  is  Uabte,  being  fuch, 
that,  in  all  conftitutions  of  the  weather,  times,  of  the  day,  &c,  it  .will 
fomecimes  anfwer,  and  fometimes  difappoint  our  ex{>e£tations  ;.  we  ar# 
much  difcQuraged  from  framing  an  hypotnefis  to  fblve  it ;  tho'  it  might  be 
attempted  from  confiderin^  the  fpUowmig  phenfimenA.  (k)  The- appear*^ 
aoce  may  as  well  be  exhibited  by  candle-light^  as  by  day-fight,  and  la 

what- 
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jiATtet.  whatever  pofitiou  the  candle  be  held  to  the  receiver,  provided  the  rays  of 
^''^  light  be  not  hinder'd  from  falling  upon  the  vellel.  (i.)  The  flafli  appears 
immediately  upon  turning  the  key,  to  let  the  air  out  of  the  receiver  into 
cheempty  ucyundcr;  fo  that,  I  remember  not,  that  the  flafli  appear'd,when 
at  any  time,  in  our  great  receiver,  the  ftop-cock  was  open'd,  before  the 
cylinder  was  exhaufted.  (j.)  When,  infteadof  the  great  receiver,  we  made 
ufe  of  a  fnxall  glafs,  not  containiug  above  a  pound  and  a  half  of  water  j 
the  phenomenon  might  be  exhibited,  iho*  the  ftop-cock  remain'd  open, 
provided  the  fucker  was  dravpn  nimbly  down.  (4.)  When  we  began  to 
empty  the  veflcl,  the  appearances  of  light  were  much  more  confpicuous, 
than  towards  the  latter  end,  when  little  air,  at  a  time,  could  pals  out  of 
the  receiver,  C5.)  When  the  fucker  had  lately  been  well  oil'd,  and,  in- 
ftead  of  the  great  receiver,  the  Tmaller  vellel,  above-mention'd,  was 
emptied;  upon  opening  the  ftop-cock,  as  the  air  defcended  one  of  the 
glafs  into  the  emptied  cylinder,  there  afcended  out  of  the  cyhnder  into  the 
veflel,  a  cejtain  ftcam,  which  feem'd  to  conlift  of  very  little  bubbles,  or 
other  minute  corpufclcs,  thrown  up  from  the  oil,  rarify'd  by  the  attrition 
it  fuft'er'd  in  the  cylinder.  For,  at  the  fame  time  that  theie  fleams 
afcended  into  the  glafs,  fome  of  the  fame  kind  manifeftly  iffued  out,  like  a 
little  pillar  of  fmoke,  at  the  orifice  of  the  vajre,  when  that  was  occa- 
fionally  open'd.  And  thefc  ftcams,  frequently  prefenting  themfelves  to 
our  view,  we  found,  by  expoling  the  glafs  to  a  clear  light,  that  they 
play'd  up  and  down  in  it ;  and,  by  their  whitiihnefs,  in  fome  meature  re- 
fembled  the  appearance  of  light.  (6.)  For,  when  the  flafli  was  great, 
the  receiver,  at  the  very  inftant,  loft  of  its  tranfparency,  by  appearing 
full  of  fome  kind  of  whitifli  fubftancej  and,  for  a  fliort  time  after,  the 
fides  of  the  glafs  continu'd  opake,  and  feem'd  to  be  darken 'd,  as  if  fome 
whitifli  fteam  adhered  to  the  infide  of  it. 

But  he  who  would  fairly  account  for  the  phenomenon,  wherec^  thefe 
are  not  all  the  circumftances,  muft  fliew  from  whence  the  apparent  white- 
itefs  proceeds;  and  why  thzt  whitenefs  fometimes  appears,  and  fome- 
times  not.  Now,  had  our  phenomenon  been  conltant,  and  uniform,  we 
iliould  fufped^  it  to  have  been  produced  after  the  following  manner  ;  for 
tho'  what  we  Cnw  in  our  receiver,  feem'd  to  be  a  kind  <^  light,  yet 
it  was,  indeed,  but  a  whitenefs,  which  render'd  the  iofide  of  the  ghds 
opake. 

Now  our  common  air  abounds  witii  particles,  able  to  refleft  the  rays  of 
light,  as  appears  from  that  vulgar  obfervation,  the  motes  in  the  air, when  the 
fiin-beams  ihooting  into  any  fliady  place,  difcoTer  them,  tho',  otherwife,  the 
eye  cannot  diftinguifti  them  from  the  air.  And,  I  particularly  remember, 
that  being  at  fome  diftance  from  Lotuitn^  at  a  Time  when  numerous  bon- 
fir«  happen 'd  to  be  made  there  ;  tho*  we  could  not  fee  t*ie  fires  tfacmfelves, 
yet  we  could  plainly  perceive  the  air  all  enlightned  near  the  city :  which 
apgued,  that  tlie  rays,  fliot  upwards  from  tlie  fires,  met,  in  the  air,  with 
oorpufdes  opake  enoi^  to  retted  ttiem  to  our  eyes. 

White 
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White  may  be  produced,  when  the  continuitjr  of  a  tranfparent  body  hapi»  J^^SJ^**^'* 
pens  to  be  interrupted  by  a  great  number  of  lurfoces,  which,  like  fo  many  ' 
little  looking-glafles,  confufedly  reprefent  a  multitude  of  fmall  and  feem- 
ingly  contiguous  images  of  the  lucid  body.  For,  water,  or  the  whites  of 
eggs,  beaten  to  a  froth,  lofe  their  tranfparency,  and  appear  white.  And, 
having,  out  of  one  of  our  fmall  receivers,  carefully  drawn  out  the  air, 
and  left:  a  very  little  hole,  by  which  the  water  was  to  get  in,  we 
bbferv'd  that  the  neck,  being  held  under  water,  and  the  little  hole  open'd, 
the  water  that  ruih'd  in,  was  lb  broken,  and  acquired  fuch  a  multitude 
of  new  furfaces,  that  the  receiver  feem'd  to  be  full  rather  of  milk,  than 
water.  And  farther,  by  heating  a  lump  of  cryflal,  and  quenching  it  in 
fair  water,  it  will  be  difcontinued  by  fuch  a  multitude  of^  cracks,  whicii 
create  new  furfaces  within  it,  that  tho'  it  will  not  fall  afunder,  yet  it 
lofes  its  tranfparency,  and  appears  white. 

Hence  we  might  imagine,  that  upon  the  rufhing  of  the  air  out  of  the  re- 
ceiver, into  the  empty'd  cylinder,  the  air  in  the  receiver,  being  fuddenly, 
and  vehemently  expanded  the  texture  of  it  was  as  fuddenly  alter'd ;  and 
the  parts  made  to  to  fhift  places,  and,  perhaps,  fome  of  them,  to  change 
pofturcs,  as  during  their  new  and  vehement  motion,  and  their  varied  fitu- 
ation,  to  difturb  the  ufual  continuity,  and,  thereby,  the  tranfparency  of  the 
air  J  which  ceafing  to  be  a  tranfparent  body,  muft  eafily  degenerate  into 
white. 

Several  things  there  are  which  make  this  conjedhire  feem  the  more 
probable ;  as,  firft,  the  whitenefs  always  appeared  greater,  whilft  there 
was  much  air  in  the  receiver,  than  when  the  air  was  in  gfcat  part  drawn 
out.    Secondly,    having  exhaufted  the  receiver,  and  applied  to  the  hole 
in  the  flop-cock,  a  large  bubble  of  clear  glals ;  fo  that  we  could,  at  plea- 
fure,  let  the  air  pais  out,  at  the  fmall  glafs,  into  the  great  one,  and  eafily 
fill  the  fmall  one  with  air  again  ,•   we  obfcrv'd,  that  upon  opening  the 
communication  betwixt  the  two  glaffes,  the  air,  in  the  fmaller,  finding  fo 
jnuch  room  in  the  greater,  to  receive  it,   flew  out  with  fuch  force,  that 
the  fmall  vial  feemM  to  be  foil  of  milk  :  and  this  experiment  we  repeated 
ieveral  times.    And,  thirdly,   having  provided  a  fmall  receiver,  with  its 
upper  orifice  fo  narrow,  that  I  could  ftop  with  my  thumb,  I  obferv'd, 
that  when,  upon  the  exfu6Hon  of  the  air,  the  capacity  of  the  glafs  appeared 
white  I  if,  by  a  fudden  removal  of  my  thumb,  I  let  in  the  outwani  air, 
that  whitenefs  would  immediately  vaniih.     It  may,  indeed,  be  objeAed, 
that  when  water  turns  from  tranfparent  to  whitd,  the  air  intervenes, 
which  converts  it  into  bubbles.    To  this  I  reply,  there  arc  two  very  vo- 
latile liquors,  which  being  gently  put  together,   are  as  clear  as  rock-water, 
and  yet  will  inftantly,  without  the  hdp  of  air   to  turn  them  into  bub- 
bles, fo  alter  the  difpofition  of  their  inwnfible  parts,  as  to  become  a  white 
confiftent  body.     And  this  happens  not  as  in  the  precipitation  of  benja- 
min, and  fome  othei*  refinous  fubfbnces ;  which  being  diflblv'd  in  fpirit  of 
wine,  may,  by  the  affofion  of  fair  water,  be  tum'd  into  a  milky  fubftancc : 
for  this  whitenefs  belongs  not  to  the  whole  liquor,  but  to  the  corpuf- 

VoL.  11.  N  nn  cles 
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BKATici.  cles  of  the  tiiflblved  gum,  which,  after  a  while  lubliding,  leave  the  liquor 
'»^*^  tranfparentjthemfclves  only  remaining  white.  But,  in  our  cafe, 'tis  from 
the  varied  texture  of  the  whole  tranfparcnt  fluid  ;  and  not  from  any  particu- 
lar parr,  that  this  whitenefs  refults  :  for  the  body  is  white  throughout,  and 
willlong  continue  fo  ;  and  yet  may,  in  procefs  ot  time,  without  any  addi- 
tion, be  totally  reduced  into  a  tranfparcnt  body,  as  before, 
^^^  Another  conjefture,  we  grounded  upon  this  obfervation  :  having  con- 
^^^^  tty'd  fome  I'moke  into  our  receiver,  placed  againft  a  window,  we  obferv'd, 
^^^  that,  upon  the  exfitftion  of  the  air,  the  corpufcles  floating  in  it,  manifeftly 
enough  made  the  receiver  feem  more  opake,  at  the  very  inflant  the  air 
nifted  out.  For,  confidering  that  the  whitenefs,  whofe  cauie  we  enquire 
after,  did  but  fometimes  appear,  it  fcem'd  not  impoflible,  that,  at  fuch 
times,  the  air  in  the  receiver,  mijjht  abound  with  particles  capable  of  rc- 
flefting  the  light,  in  the  manner  rcquifite  to  exhibit  a  white  colour,  by  being 
put  into  a  certain  imufua!  motion  ;  as  the  new  motion  of  their  former 
iiimes,  made  the  infide  of  the  receiver  appear  darker  than  before  ;  and  as 
our  fmoking  liquor,  formerly  mention'd,  whofe  parts,  tho'  they  feem'd 
tranfparent,  whilft  they  compos'd  a  fluid  ;  yet  when  the  fame  corpufcles, 
upon  unftoppingthe  glafs,  were  put  into  a  new  motion,  and  difpos'd  af- 
ter a  new  manner,  they  render 'd  that  part  of  the  air  opake,  wherein  they 
mov'd,  and  exhibited  a  greater  whitenefs  than  fometimes  appears  in  our 
receiver. 

But  as  to  the  reafon  why  our  phenomenon  appears  not  conftantiy,  I  re- 
member not  that  we  ever  made  the  experiment  in  a  finall  veflel,  without 
finding  the  expatted  whitenefs.  But  it  remains  to  be  explain 'd,  why  in 
our  great  receiver,  the  phenomenon  fhould  fometimes  be  feen,  and  oftea 
not.  All  I  have  to  fay  on  this  head  is,  diai  the  air  about  us,  and  much 
more  that  within  the  receiver,  may  be  much  alter'd  by  fuch  cafes,  as  few 
are  a  ware  of.  The  learned  j^e/e^Awi -^ciy?fl  tells  its,  that  "  in  jiwer/cfl  there 
*'  are  winds  which  naturally  trouble  the  water  of  the  fea,  making  it  green 
**  and  black,  and  others  as  clear  as  cryftal.'*  And,  tho'  we  convey *d. 
into  the  receiver,  the  fcales  and  the  pendulums,  formerly  mention'd,  clear 
and  bright ;  yet,  after  the  vel&l  had  been  emptied,  and  the  air  let  in 
again,  the  luftre  of  both  apj>ear'd  tarniih'd  by  a  beginning  ruft.  And, 
laftly,  having,  with  pure  fpiric  of  wine,  drawn  a  tran^arent  tinfture  out 
of  ft  certain  concrete,  commonly  reckon 'd  among  minerals,  we  put  it  into  a 
cryftal-vial,  carefully  ftop'd  it,  and  lock'd  ir  up  in  a  prefs  ;  and  this  liquet', 
being  a  chymical  rarity,  and  of  a  plealing  golden  colour,  we  had  often  oc- 
cafion  to  view  it  ;  and  took  notice  that  once  it  feem'd  to  be  very  thick : 
whereupon,  we  iraagin'd  it  poffible,  that  fome  of  the  mineral  corpufcles 
were  then  precipitating.  But  finding,  after  fome  days,  that  tho'  no  precipita- 
tion had  been  made,  and  that  the  UquDT,rctaining  its  former  vivid  colour, was 
grown  clear  again,  as  before  ;  we  iock'd  it  up  f^ain  in  the  iame  prefs, 
and  refblv'd  to  ob&rve  whether  the  like  changes  would  again  appear  in 
our  tintSure ;  and,  in  cafe  they  fliould,  whether  they  might  be  afcribed  to 
the  aiieranoQi  of  tbe  weather.    Buc  the'  during  the  greateft  part  of  a 
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winter,  and  a  fpring,  we  oblerv*d  the  liquor  would  often  grow  turbid  ;^**J^ 
and,  after  a  while,  clear  again  ;  yet  we  could  not  find,  that  it  depended  ^^^^^ 
upon  any  manifeft  changes  in  the  air ;  which  would  be  often  dark  and 
cloudy,  when  the  tinfture  was  clear  and  tranlparent ;  as,  in  clear  wea- 
ther, the  liquor  would,  fometimes,  appear  troubled,  and  more  opnke. 

3  8. Into  a  glafs  vial,  opjen  at  the  top,  we  put  a  mixture  of  fnow,  and  com- '^*»'.*'*JJ 
mon  (alt ;  and,  in  the  midft  of  this  mixture,  fet  a  cylindrical  glafs,  clofely'^"*' "  ^^^^ 
ftopp'd  at  the  lower-end,  and  open  at  the  upper,  where  we  fiU'd  it  with 
common  water  ;  then  let  them  all  down  into  the  receiver  ;  and  the  pump 
being  fet  on  work,  the  fnow  b^n  to  melt  fafter  than  we  expedled. 
However,  by  that  time  the  receiver  had  been  confiderably  exhaufted, 
which  it  was  in  lefs  than  a  quarter  of  an  hour,  we  perceiv  d  the  water, 
near  the  bottom  of  the  clafs  cylinder,  to  freeze ;  and  the  ice,  by  a  little 
longer  ftay,  feem*d  to  mcreafe,  and  to  rife  fomewhat  higher  than  the 
furrounding  furface  of  the  liquor  whereinto,  almoft  all  the  fnow  and  fait 
were  dilTolved.  The  glafs  being  taken  out,  it  appeared  that  the  ice  was 
as  thick  as  the  infide  of  the  veflel  it  fiird  ;  tho\  into  that,  I  could  put  my 
thumb.  The  upper  furface  of  the  ice  was  very  concave,  and,  held  a- 
gainft  the  light,  appeared  not  deftitute  of  bubbles;  tho'  they  were  fewer 
than  if  the  water  had  been  frozen  in  the  open  air.  The  like  experiment 
we  made,  alfo,  in  one  of  our  fmall  receivers,  with  like  fuccefs. 

But,  whence  proceeds  that  ftrange  force,  we  may  Ibmetimes  obfcrve  in 
frozen  water,  t»  break  the  bodies  that  imprifbn  it,  tho'  hard  and  folid  ?  A 
ftone-cutter,  lately  complained  to  me,  that,  fometimes,  thro' the  negligence 
of  his  fervants,  the  rain  oeing  fufter'd  to  ibakinto  marble,  the  vident  frofts 
coming  on,  would  burft  the  m>nes.  And,  another  tradefman  complain'd, 
that,even  implements  made  of  bell-metal,  beii^  carelefslv  exposed  to  the 
wet,  have  been  broken  and  fpoil'd  by  the  water,  which,  naving  enter'd  at 
the  little  cavities  of  the  metal,  was  there,  afterwards,  froze,  and  expanded 
into  ice.  And  Cabeus  tells  us,  that  he  (aw  a  huge  veffel  of  exceeding  hard 
marble  fplit  afunder,  by  congeal'd  water.  I  know  it  will  be  faid,  to  fdve 
this  problem,  that  congelation  doth  not  reduce  water  into  lefs  fpace,  than 
it  before  poflefsM,  but,  rather  makes  it  take  up  more.  But,  tho*  we 
grant,  that  water  fwells  in  freezing  ;  yet  how  cold,  which,  in  weather- 
glares,  manifeftly  condenfethair,  ihould  expand  either  the  water  or  the  in- 
tercepted air,  fo  forcibly  as  to  perform  what  we  have  here  related,  re- 
mains to  be  difcover*d. 

39.  We  took  an  oval  glafs,  clear,  and  pretty  ftrong,  with  a  (hort  neck  ^  tMUhttirm 
at  the  obtufer  end,  thro*  which  we  thruft,  almoft  to  the  bottom,  a  pipe  of  ••**'"' ^■•» 
glafs,  and  clofely  cemented  it  to  the  neck  :  the  upper  part  of  the  pipe 
was  drawn,  in  (ome  parts,  more  flender  than  a  crow  s  quill,  that  the  chan- 
ges of  the  air  in  the  glafs-egg,  might  be  the  more  confpicuous ; 
then  we  conveyed  into  the  glafs^  five  or  fix  fpoonfuls  of  water,  part  of 
which,  by  blowing  air  into  the^,  was  rais'd  into  the  flender  part  of  the 
pipe ;  fo  that  the  water  was  interposM  between  the  external  air,  and 
chat   included  in  the  egg.    This  weather-glafs,  was  fo  placed^  and  closed  k^.  4s. 
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^^YiT^'iip  in  ^l^c  cavity  of  a  fmall  receiver,  that  only  the  flcndcr  part  of  the  pipe, 
^^^  to  the  height  of  four  or  five  inches,  pafllng  thro'  a  hole  in  the  cover,  re- 
inain'd  expos'd  to  the  open  air. 

In  evacuaiing  the  receiver,  the  water,  in  the  pipe,  defcended  about  a 
quarter  of  an  inch ;    and  this  upon  two  or  three  repeated  trials;  which 
\  ieem'd  to  ai"Gue,  that  there  was  no  heat  prodiiced  in  tlie  receiver,  upon  the 

"  cxfuftion  of  the  air  :  for  even  a  little  heat  would,  probably,  have  been  dif- 

co\er'd  by  that  weather-glafs  ;  fince,  by  the  bare  application  of  my  hand  to 
the  outfide  of  the  receiver,  the  warmth,  after  Tome  time,  hanng  been  pro- 
pagated rhro'  both  the  glafles,  and  the  interval  betwixt  them,  to  the  im- 
prifon'd  air,  fo  rariiy'd  it,  chat,  by  prefling  upon  the  fubjacent  water. 
It  iniipell'd  that  in  the  pipe  much  higher  than  it  had  fallen  downwards,  upon 
the  exfuflion  of  the  air. 

Yet  we  do  not  hence  conclude,  chat  in  the  cavity  of  che  receiver  the  cold 
was  greater  after  the  extraction  of  the  air,  than  before. 

If  it  be  demanded,  what  then  could  caufe  the  water  to  fubfide ;  we  an- 
fwer,  thac,  probably,  ic  was  the  ftretching  of  the  glafs-cgg,  which,  upon 
tlie  exfu£lion  of  the  ambient  air,  was  unable  to  refift,  as  formerly,  the  pref- 
I'ure  of  tlie  included  air,  and  of  che  atmoiphere,  which,  by  the  interven- 
tion of  the  water,  prefs'd  upon  its  concave  furface.  This  ieems  probable, 
as  well  from  the  experiment  about  breaking  a  glafs,  by  the  force  of  the 
1  atmofphere,  as  becaufe,  when  by  drawing  the  air  out  of  the  receiver,  the 
water,  in  the  pipe,  was  fubfided,  upon  the  re-admiffion  of  the  external  air,  to 
prcfsagainftthe  convex  furface  of  the  egg,the  water  was  prcfentlyre-impell'd 
to  its  former  heiy,ht :  for,  if  a  glais-egg  be  blown  exceeding  thin,  and  af- 
terwards broken,  you  may,  by  degrees,  confiderably  bend  fome  narrow 
parts  of  it ;  and  upon  the  removal  of  what  kept  It  bent,  ic  will  readily  reco- 
ver its  former  ftate.  From  our  experiment,  then,  it  appears  either  that  there 
fucceeds  no  body  in  the  room  of  the  air  drawn  out  of  the  receiver ;  or, 
thac  every  fubftance  is  not  fubtile  enough,  readily  to  pafs  the  pores  of 
glafs,  tho  always  fufficiently  agitated  to  produce  heat,  wherever  it  is  found 
in  plenty.  So  chat  if  we  admit  no  vacuum,  this  experiment  requires  us  to 
allow  a  great  difparity,  either  as  to  bulk,  or  agitation,  or  both,  betwixt 
ibme  parts  of  the  stherial  fubftance,  and  thofe  which,  here  below,  pro- 
duce heat  and  fire. 

We  try'd,  alfo,  what  operation  the  extraftion  of  the  air  would  have 
upon  caniphire  ;  which  confiftsof  fuch  volatile  parts,  that  they  will  exhale 
without  any  greater  agitation,  than  that  of  che  open  air.  But  we  found 
not,  chat  even  this  loofe  body,  was  fenfibly  alter'd  thereby. 
t^i'a-nno.  40.  We  convcy'd  a  large  flefli-fly  into  a  fmall  receiver;  and,  at  another 
time,  ihut  into  a  great  receiver,  a  humming-bee,  that  appear'd  ftrong 
and  lively  ;  we  alfo  procur'd  a  white  butter-fly,  and  inclos'd  it  in  a  fmall 
receiver ;  where,  though  at  firft,  he  fluttered  about,  yet,  prefently, 
upon  the  exfuftion  of  the  air,  he  fell  down,  as  in  a  fiwoon  ;  retaining  no 
other  motion,  than  fome  little  trembling  of  the  wings.  The  fly,  after  lome 
exfuAions  of  the  air,  dropM  down  from  the  fide  <n  the  g^fs,  whereon  jbe 
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wa»  walking:  but,  that  the  experiment  of  the  bee  might  be  more  in-^^*JJ^r^ 
ftruftive,  we  conveyed  in  with  her  a  bundle  of  flowers,  which  remained  '^■^^^ 
fufpended  by  a  firing,  near  the  upper-part  of  the  receiver ;  and  having 
provoked  the  bee,  we  excited  her  to  fly  up  and  down  the  veflel,  till,  at 
length,  flie  lighted  upon  the  flowers,  when  we  prefently  began  to  draw 
out  the  air,  and  obferv'd,  that  tho',  for  fome  time,  flie  feem'd  to  take 
no  notice  of  it,  vet,  within  a  while  after,  (he  fell  down  from  the  flow- 
ers, without  mating  any  ufe  of  her  wings. 

41.  To  fatisfy  ourfelves,  in  fome  meafure,  why  re&iration  is  ^^  ^^"  ?"^*  JS'^!*! 
ceflary  to  the  animals,  that  nature  hath  furnilh'd  with  limgs,  we  took  aJJc^Vfr/ 
lark,  one  of  whofe  wings  had  been  broken  by  a  (hot ;  but,  notwithftanding 
this  hurt,  the  bird  was  very  lively  ;  and  put  her  into  the  receiver,  where-- 
in  fhe,  feveral  times,  fprungup  to  a  conflderable  height.    The  vefTel  being 
carefully  clofed,  the  pump  was  diligently  ply'd,  and  the  bird,  for  a  while, 
appear 'd  lively  enough ;  but,  upon  a  greater  exfudtion  of  the  air,  fhe  begaa 
manifeftly  to  droop,  and  appear  ficK  i  and,  very  foon  after,  was  taKen 
with  as  violent,  and  irregular  convulfions,  as  are  obferv'd  in  poultry, 
when  their  heads  are  wrung  off,  and  died  ;  (tho'  when  thefe  convulfions 
appeared,  we  let  in  the  air,)  with  her  breaft  upward,  her  head  down- 
ward, and  her  neck  awry ;  and  this  within  ten  minutes,  part  of  which 
time  had  been  employed  in  cementing  the  cover  to  the  receiver.    Soon# 
after  we  put  a  lively  hen-fparrow,  which  was  not  at  all  hurt,    into 
the  receiver ;  and  profecuting  the  experiment,  as  with  the  former,  fhe  ap-^ 
pear'd  to  be  dead  within  feven  minutes ;  one  of  which  was  employ M  in 
cementing  on  the  cover :   but,  upon  fuddenly  turning  the  key,  the  frefh 
ail*,  flowing  in,  began  flowly  to  revive  her;  fothat,  after  fome  pantings, 
flie  opened  her  eyes,  and  regained  her  feet,  and,  in  about  a  quarter  of  an- 
hour  after,  attempted  to  efcape  at  the  top  of  the  glafs,  which  had  been 
unflopM  to  let  in  the  air  upon  her :  but  the  receiver  being  clofed  the  fecond. 
time,  (he  died,  violently  convulsed,  within  five  minutes  from  the  firft  fhroke. 
of  the  pump. 

Then  we  put  in  a  moufe,  newlv  caught,  and,  whilfl  he  was  leaping  up  very 
high  in  the  receiver,  we  faften'd  the  cover  to  it;  expedking,  that  an  ani- 
mal, ufed  to  live  with  very  little  fi-efli  air,  would. endure  the  want  of  it 
better  than  the  birds ;  but  tho',  for  a  while  after  the  pump  was  fet  on 
work,  he  continued  leaping  up,  as  before ;  yet  'twas  not  long  e'er  he  be- 

tan  to  appear  fick,  giddy,  and  to  ftagger ;  after  which,  he  Tell  down  as 
ead,  but  without  fuch  violent  convulfions  as  the  birds  had  :  when, 
haflily  letting  in  fome  frefh  air  upon  him,  he  recover  d  his  fcnfes,  and  his 
feet,  but  feem'd  to  continue  weak  and  fick ;  at  length,  growing  able  to 
skip,  as  formerly,  the  pump  was  ply'd  again,  for  eight  minutes,-  a-r 
bout  the  middle  of  which  ipace,  a  very  little  air,  by  mifchance,  got  in  at 
the  ftop-cock;  and,  about  two  minutes  after  that,  the  moufe,  feveral 
times,  leap'd  up  lively ;  tho',  in  two  minutes  more,  he  fell  down  quite 
dead ;  yet  with  convulfions  far  milder  than  thofe  wherewith  the  birds  ex- 
pired.   This  alacrity,  fo  little  before  his  death,  and  bis  not  dying  fooner 

than 
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f""-  than  at  the  end  of  the  eighth  minute,  feem'd  owir^  to  the  air  that  pafs'tl 
^^  into  thp  receiver  :  for,  the  firft  time,  the  conrulfions  feiz'd  him,  in  fix  mi- 
nutes after  the  pump  began  to  be  work'd.  Thefe  experiments  feem'd 
the  more  ftrange,  becaufe,  during  a  great  [arc  of  thofe  few  minutes,  the 
engine  could  but  confiderably  ratify  the  air,  and  that  too  by  degrees ; 
ana,  at  the  end  thereof,  there  remained  in  the  receiver,  a  large  quantity  : 
for,  as  we  formerly  faid,  we  could  not  draw  down  water  in  a  tube,  with- 
in much  lefs  than  a  fcot  of  the  bottom.  And,  by  the  exfuftion  of  the  air, 
and  interfperfed  vacuities,  there  was  left  in  the  receiver,  a  fpace  Ibme 
hundreds  of  times  exceeding  the  magnitude  of  the  animal,  to  receive  the 
fuliginous  fteams,  from  which,  expiration  difcharges  the  lungs,  and  which, 
in  the  other  cafes,  may  be  fufpefted,  for  want  of  room  to  itifle  thofe  ani- 
mals that  are  clofely  pent  up  in  too  narrow  receptacles. 

Having  caufed  thcle  three  creatures  to  be  opcn'd,  I  could  difcover  little 
of  what  we  fought  for,  and  might,  poOibly,  have  found  in  larger  animals: 
for  tho*  the  lungs  of  the  birds  appear'd  very  red,  and,  as  it  were,  in- 
flamed ;  yet  that  colour  is  ufual  in  the  lungs  of  fuch  winged  animals :  but 
in  almoftall  the  deftruiflivecxpeiiments,  made  in  our  engine,  the  animals 
appear'd  to  die  with  violent  convulfive  motions.  From  whence,  whether 
jhyiicians  can  deduce  any  thing  towards  the  difcovery  of  the  nature  of 
*onvulfive  diftempers,  I  leave  to  them  to  confider. 

And,  to  obviate  objeiflions,  and  remove  fcruplcs,  about  the  fuliginous 
fteams  of  pent  up  animals,  which  are  fuppofed  to  kill  them;  we  fiiut  up 
another  moufe,  as  clofe  as  poffible,  in  the  receiver,  where  it  liv'd  about 
three  quarters  of  an  hour ;  and  might,  probably,  have  done  fo,  much 
longer,  had  not  a  perfon  of  quality  defired  to  fee  whether  the  moufe  could 
be  kili'd  by  the  cxfudtion  of  the  ambient  air.  Upon  this,  we  opcn'd,  for 
a  while,  an  intercourfe  betwixt  the  air  in  the  receiver,  and  that  without, 
whereby  the  moufe  might  be  refrefhed,  tho'  without  uncementing  the  cover 
« tlic  top  ;  to  avoid  the  objeftion  that,  perhaps,  the  veflel  was  more 
clofely  ftopp'd  for  the  exfuftion  of  the  air  than  before. 

The  event  was,  that,  after  the  moufe  had  liv'd  ten  minutes,  the  pump 
being  a  little  out  of  order,  he  died  with  convulfive  motions ;  wherein  he 
made  two  or  three  bounds  into  the  air,  before  he  fell  down  dead. 

I,  alfo,  caufed  a  moufe,  that  was  very  hungry,  to  be  fliut  up  all  night 
into  a  well-clofed  receiver,  with  a  bed  of  paper  for  him  to  reft  on ;  and 
caus'd  the  engine  to  be  placed  by  the  fire-fide,  to  keep  him  fit)m  being  de- 
ftroy'd  by  the  immoderate  cold  of  a  frofty  night ;  and,  the  next  morning, 
I  found  he  had  devour'd  a  large  part  of  the  cheefe  that  had  been  put  up 
with  him.  And,  having  thus  kept  him  alive  full  twelve  hours,  we,  by 
fucking  out  part  of  the  air,  brought  him  to  droop,  and  to  appear  fwell'd  ; 
but,  by  letting  it  in  again,  we  foon  reduced  him  to  his  former  livelinefs. 
SjlJJ^  'f  It  may  be  here  expefted,  I  fhould  attempt  to  clear  the  nature  of  refpi- 
t^  ration ;  but  I  pretend  to  go  no  farther  in  it,  than  our  engine  leads  me. 

"I\s  alledged  by  diofe  who  would  have  the  lungs  rather  pafTive  than 
active,  in  re^iiration,  that  as  die  lungs,  being  defntute  of  muTcIes  and 
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fibres,  arc  unfit  to  dilate  themfelves  ;  fo,  without  the  motion  of  the  tho-  P«»jj«i;Tict- 
rax,  they  would  not  be  fiU'd  with  air :  fince,  as  Dr.  JSghm&re  hath  well  ob-  ^ 
ferv'd,  if  a  live  dog  have  a  great  wound  made  in  his  cheft,  the  lobes  of 
the  lungs,  on  that  fide  of  t&  mediaftinum,  will  coUapfe,  and  lie  ftill ; 
whilft  the  thorax,  and  the  lobes  on  the  other  fide  of  the  mediaftinum,  con- 
tinue their  former  motion.  And  if,  at  once,  the  mufcles  of  the  cheft  be 
on  both  fides  diffeftcd ;  upon  the  ingrefs  of  the  air,  the  whole  lungs,  tho* 
untouched,  will  remain  without  motion,  at  leaft  as  to  any  expanuon,  or 
contraftion  of  their  fubftance. 

And  Bartholine  affirms,  that  if  the  diaphragm  be  wounded,  the  limgs  will 
fall  together,  and  refpiration  ceafe  \  which  appears  to  be  true,  provided  the 
wound  be  large.  And,  indeed,  the  diaphragm  feems  the  principal  inftru- 
ment  of  ordinary  refpiration ;  tho'  the  intercoftal  mufcles,  and,  perhaps, 
fome  others,  may  be  allowM  eminently  to  concur  in  extraordinary  cales. 
But  it  is  not  yet  decided,  what  conveys  air  into  the  lungs;  for  tis  de- 
manded," what  fhould  bring  the  air  into  the  lungs,  if  they  do  not  attract 
it  ?  To  this  queftion,  fome  of  the  beft  modem  philofophers  anfwer,  that, 
by  the  dilatation  of  the  cheft,  the  contiguous  air  is  thruft  away  ;  and  that, 
preffing  upon  the  next  air  to  it,  and  fo  onwards,  the  propuluon  is  conti- 
nue, till  the  air  be  drawn  into  the  lungs,  and  fo  dilates  them.  It  is, 
again,  obje£led  by  Bartholine^  that,  according  to  this  do^hine,  a  man 
could  not  fetch  his  breath  from  a  great  veffel,  with  a  flender  neck,  full  of 
air ;  becaufe,  when  his  mouth  covers  the  orifice  of  the  neck,  the  dilata- 
tion of  his  thorax  could  not  propel  the  air  of  the  veiTel  into  his  lungs  i  being 
feparated  by  the  inclofing  veflel,  from  the  ambient  air :  and  yet,  it  will  be 
laid,  experience  witnefTeth,  that  out  of  fuch  a  vefiel  a  man  may  fuck  air.  But 
this  difficulty  our  engine  can  eafily  fblve  ^  fince  many  of  the  preceding  ex- 
periments ihew,  that,  in  this  cale,  there  needs  no  propulfion  of  the  air, 
oy  the  fwelling  thorax,  or  abdomen,  into  the  lungs:  fince,  upon  the  bare: 
dilatation  of  the  thorax,  the  ipring  of  that  internal  air,  which  poffeffes  as 
much  of  the  cavity  of  the  cheft,  as  the  lungs  fill  not,  being  much  weak- 
enM,  the  external  and  contiguous  air,  muft  neceflarily  prefs  thro*  the  open 
wind-pipe  into  the  lungs,  as  finding  there  the  leaft  refiftance. 

Ana  hence,  by  the  way,  we  are  affifted  to  judge  of  that  fiimous  contro- 
verfy,  among  naturalifts  and  ph)^cians,  ever  fince  the  time  of  Galen  ; 
fome  maintaining,  that  the  cheft,  with  the  containM  lungs,  refembles  a  paif 
of  bellows,  which  are,  therefore,  fiUM,  becaufe  dilated  :  and  others  plead- 
ing, that  the  comparifon  fliould  be  made  with  a  bladder,  which  is,  there- 
fore, dilated,  becaufe  it  is  fiUM.  For,  as  to  the  thorax,  it  feems  evidendy, 
like  a  pair  of  bellows,  to  be  partly  fiUM  with  air,  becaufe  it  was  dilate^  i 
but  as  for  the  lungs,  which  want  fibres  to  difteivd  them,  they  may  j^tjy 
be  compared  to  a  okdder ;  fince  they  are  dilated,  by  being  fill  d  with  tk%% 
air  which  rufiieth  into  them,  upon  the  dilatation  of  the  cheft,  in  the  cavity 
whereof,  it  finds  lefs  refiftance  to  its  fj^^ing,  than  elfewhere.  An4  tlids 
calls  to  mind  that  fh^nge  ob&rvation  ot  Nicholaus  Fontanus,  a  phyfician  at 
Amfierdamy  who  declares^  that,,  in  a  boy  of  the  fame  city,  four  years  old^ 

there 
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^;^J""-there  was  found,  inllead  of  lungs,  a  ccnain  membranous  bladder,  which, 
'^^  being  fill'd  with  air,  and  iurnifh'd  with  little  veins,  had  its  oriein  from 
the  wind-pipe.  This  being  fuppofed  true,  I  leave  it  to  be  confider  d,   hov 
well  it  will  agree  with  moil  of  the  opinions,  as  to  refpiration. 

And  thus  may  the  grand  objeftion  of  BarthoUne,  and  others,  be  an- 
fwer'd ;  but  I  leave  aiiatomifts  to  confider  what  is  to  be  faid  to  fomc  obfer- 

Ivations,  that  feem  to  contradift  thofe  anatomical  experiments  above-men- 
tion'd:  fuch  was,  paiticularly,  that  ia  Sennerius,  of  a  melancholy  ftudent, 
who,  having  ftabb'd  himfelf,  and  pierc'd  the  diapiu^gm  in  the  tendinous 
parr,  lived  leven  months  after  the  wound  was  made ;  but,  dying  at  length, 
]t  nppear'd  fo  gi'eat,  being,  perhaps,  dilated  by  his  ftraiuing  to  vomit, 
that  the  whole  itomach  was  found  to  have  got  by  it,  into  the  left  fide  of 
the  thorax.  And  fuch,  alfo,  was  the  accident  which  happcn'd  to  a  noble- 
man whom  I  have  feen,  and  who  is  yet  alive ;  in  whofe  cheft,  there  hath, 
for  thefe  many  years,  rcmain'd  a  hole  fo  great,  that  the  motion  of  his 
Jieart  may  be  perceiv'd  thro'  it.  An  ingenious  conjefture  hath  been  made, 
at  the  caufeofthe  fudden  death  of  animals  in  the  exhauiled  receiver  i 
which  fuppofes  it  to  be,  not  the  want  of  air  that  deftroys  them,  but  the 
prefl'ure  of  that  in  the  ca\ity  of  the  cheft ;  as  if  the  fpring  thereof,  being 
no  longer  balanced  by  the  ambient  air,  thereby  becomes  fo  ftrong,  as  to 
keep  the  thorax  forcibly  diftended,  hinder  its  wonted  contraftion,  and  fo 
comprefs  the  lungs  and  their  vclTcls,  as  to  obftrufl  the  circulation  of  the 
blood.  But  IValUus  relates,  that  he  often  obferv'd,  in  the  difleiflion  of 
live  bodies,  the  membrane  which  in\efts  the  lungs,  had  pores  in  it, 
as  big  as  the  larger  fort  of  peas  :  which  agrees  with  the  oblcrvations  of 
chirmgeons  and  phyficians,  that  matter,  coUedtcd  in  the  thorax,  hath  pe- 
netrated into  the  lungs,  and  been  difcharged  by  coughing.  And  moft  of 
the  animals,  kill'd  in  our  engine,  were  birds  ;  whofe  lungs.  Dr.  Harvey  has 
obfcrv'd,  very  manifeftly  to  open,  at  their  extremities,  into  the  abdomen ; 
and,  by  fuch  perforations,  we  may  well  fuppoie  the  paffage  free,  betwixt 
the  external  air,  and  that  in  the  abdomen.  Befides,  to  {hew  that  the  ani- 
mals, which  expired  in  our  glafles,  need  not  be  fuppofed  to  have  been  kill'd 
by  the  want  of  air;  we  fojefee  another  argument,  which  ought  not  to  be 
conceal'd.  The  pollibility  of  a  vacuum  is,  frequently,  deny  d  ;  and  the 
fpaces  void  of  air,  and  other  grolfer  bodies  are,  all  of  them,  fuppofed 
«xaftly  replenilhed  with  a  certain  ethereal  matter,  fo  thin  and  fubtile,  that 
it  can  freely  penetrate  the  pores  of  the  moft  compact,  and  clofe  bodies, 
even  glafs  itfelf.  Hence  it  may  be  faid,  that  the  animals,  included  in  our 
receiver,  died  not  ib  much  for  want  of  air,  as  becaufe  the  air  pumped 
out,  was  neceflarily  fucceeded  by  an  ethereal  iubftance  ;  which,  confifting" 
tS,  parts  vehemently  agitated,  and  fo  very  fmall,  as,  without  refiftance, 
to  j)afs  in  and  out,  thro'  the  pores  of  glafs  ,  a  confiderable  quantity  of  this 
reftlefs  matter,  meeting  tc^ether  in  tne  receiver,  may  be  quickly  able,  by 
the  excelTive  heat  of  it,  to  oeftroy  a  little  animal,  or,  at  leaft,  make  the 
air  too  hot  to  be  fie  for  refpiration. 

But 
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But  we  have  already  anfwerM  this  obie&ion,  .by  the  late  experiments  ,•  '"JSJJiJ''*' 
.which  ihew  no  heat  to  be  generated  in  our  exhaufted  receiver.  ^ 

{t  mighty  alfi>>  feem  probable^  that^  upon  the  fudden  removal  of  jthe 
.wonted  preflvire  .of  the  anibient  air^  the  wa^m  blood  o£  our  animals  was  iR> 
vehemently  expanded,  as  to  difturb  the  circulation,  and  fo  diforder  the 
iwhoje  (Bcpnomy  of  the  body  ;  did  fuch  animals,  alone,  as  are  of  a  hot  con- 
stitution, joie  ^beir  lives  in  tihe  exhaufted  engine.  But  as  to  the  ufe  of  air, 
in  ;xefpira«ion,  *tis  known  to  iecve  in^he  produAion  and  modulation  of  the 
■v(nce  9  «he  expui^on  of  exciymenig,  by  coughing ;  the  conveying  in  of 
odours,  bj^  inJipiration,  &c.  which  are  i^ther  convenient  for  .die  well-being 
of  an  animal,  than  necedary  to  life.  Hippot^mes  fays,  of  the  air  in  ani- 
nials.en4owMs;With  lungs,  that  ^Vtis  .the  cauiie  bochdf  liie,  anddifeaies; 
^^  that  \i\^  jTp  ^Ij^Qelbry,  a  num.cannot  live  .part  of  a  day  without  it  j  and 
^^  that  iqfpix^tioD,  alone,  is  ^the  a^Hon  which  can  never  be  fufpended/-' 
But^  as^to^theteafpUtwhy  ^  infpiration,.and  expiration  of  air,  are  fo  vexy 
necei&ry  :tP:U£e,  both  mtui^alifts,  and  phyficians,  differ  £o  widely,  .that  it 
.will  be  yitr^  di^qyk,  either,  to  recgocile  4beir  opinions,  .or  determine  their 
/controvev&is. 

A^y  fuppoie  the  chief  uie  jq£  xefpiratiop,  is  to  cool  and  temper  that 
^l]elat  in  the  heart  and  bloody  which  Iwould,  otherwiie,  be  immoderate. 
ITbey,  airo,/uppq£e,thattbe  .air.isiiecei&xy,  by^ts  coldnefs,  to.condenle 
:the 'blood  that  {w^fleth  oucwthe  light  veacrwie  gf!the  Jieart  ^o  the  lungs ; 
vMrhereby  it  may/gainiueh^confiftence,  asis.iequifite.toiivike  it.fit  &wel 
vfor  the. vital  flame  in  tte  Je&  .vfotride  of  the  }ifiart«  And,  indeed,  .fi(h> 
and  other  cold  creatures,  whofebeartahave  but  one  cavity,  are  unprovided 
-of  ilungs.  But,/tb0',  po0ibly,.the.airinipired,  jnay,  ibmetimes,  be  of  ufe 
in  refrigerating  tfaeibe^ ;  yet,  itmay.be.objeQedy  .that.^v^ral  cold  crea- 
."turos,  as,  particularly  firogs, ^iUnd .in  jieedof  re4>icatiQn  ;  which  .ieems 
•unnecefliuy  for  cefrig^ation  tathem,whQ  azedeftitute  of  any  {enfible  heat, 
ajid.Uve  in, the  ccjd  watery. that  even.decnspid  old  jnen,  whoie  iiatural 
heat  is  very  languid,  and  almoft  extinguilhed,  have,  yet,  a  neceifity  of 
tfrequent  refpiration j  ,that .  a  temperate! air,  is  .£tteft  for  ,the  generality  of 
4>reathing.  creatures ;  and  as  an  air  too  hot,  ib  alfp,  an  air  too  cold,  may 
•be  inconvenient ibr ' them  ; .that in  ibme  difeafes, .the  natural  beat  isio 
jweakea'd,  that  w«re  .the  .ufe  of  refpiration  .to  a)oi,.it  would  .be  more 
fburtful,  <  than  beneficial, .  &c.  '  Thcfb,  and  jother  obje^ons,  .might .  be  op- 
..pos'd,  and  pi^efsM,  agaiaft  the .  recited  .opinion ;  i>ut,  we  Asdl  .only  .add, 
-that  itappeais  not,  by  our  &regQing.experimehts,  in.  the  .exhaufted  receivers 
.where  animals  die  fb  fuddeply,  for.  want  of  xc4>iration,  that  the  ambient 
body  is  fenfibly  hotter,  than  the  common  air. 

Others  will  have. the  very  fubftance  of.  the  ale  to  get,  by. the  vetTeJs  of 
,  the  lun^s,  to  the  Idft  ventricle  of.  the  heart,  not  only.  to.  temper  its  heat,  but 
itQ  provid& for  the  generation  .of. ipiiits.  And,,  tliefe.alledjge.the  authodty 
.of  tbe. ancients,  among wJiom,  Jsppocrates  feems,  .manif^y,  .to  favour 
their  opinion;  and  homjirJftsile,  and  Galen,  fometimes  appear  inclinable 
.to.it.  )But,.4tiifiemsvery  diffi(;;iilt.to.ihew,  bow  theair  is  convey^  into 
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Bo«»Tici.j{)g  jeft  ventricle  of  cheliean;  efpecially,  fince  the  fyftole  and  diaftole  of 
'^^^  ihe  heart,  and  lungs,  are  very  far  from  iytichronal :  bdides,  the  ipirits  ap- 
pearing to  be,  buc  the  moft  lubtile,  and  urufVuoiis  particles  oi  the  blood, 
jeem  of  a  very  different  nature,  from  that  of  dry  incombuftiWe  corpuicles 
of  air. 

Another  opinion  of  refpiration  makes  the  genuine  ufe  of  it  to  be  the 
ventilation  of  the  blood,  in  its  paflage  thro*  the  lungs ;  whereby,  it  is  dif- 
burthen'd  of  thofe  cxcrementitious  fleams,  proceeding,  for  the  moft  parr, 
from  the  fuperfluoiis  lerofities  of  the  blood,  and  chyle.  But,  this  hypothe- 
cs may  be  expiain'd  two  ways.  For  the  neceffity  of  air  in  refpiration, 
may  be  fuppos'd  to  proceed  from  henct> ;  that,  as  a  tlame  cannot  long  fub* 
lift  in  a  narrow,  and  clofe  place,  becaufe,  the  fuliginous  fteams,  it  conti- 
nually thi*ows  out,  cannot  be  long  receiv'd  into  the  ambient  body,  which, 
[  after  a  while,  growing  too  full  of  them,  to  admit  any  more,  ftines  it }  fb 

the  vital  fire  in  the  heart  requires  an  ambient  body  of  a  yielding  na- 
ture, to  receive  into  it  the  fuperfluous  ferofities,  and  other  recrements  of  the 
blood  ;  the  feafonable  expullion  whereof,  is  requliite  to  depurate  the  mafs, 
and  make  it  fit,  both  to  circulate,  and  to  maintain  the  vital  heat  residing  in 
the  hean-  The  other  way,  is,  by  fuppofing,  that  the  air  doth,  not  only 
as  a  receptacle,  admit  into  its  interfticcs  the  excrementitious  vapours  of  the 
blood,  when  they  are  expell'd  thro'  the  wind-pipe  ;  but,  alio  conveys  them 
out  of  the  lungs ;  becaule,  the  inlpired  air,  reaching  to  all  the  ends  of  the 
Afpera  Arteria,  there  aflociates  itfelf  with  the  exhalations  of  the  circulating 
blood :  and,  when  'tis  exploded,  carries  them  away  with  itft-lfj  as  winds 
fpeedtly  dry  up  the  furfeccs  of  wet  bodies. 

'  Now,  to  the  firft  of  rhefe  two  ways,  our  engine  aflbrds  us  this  objec- 
tion ;  that  upon  the  exfuftion  of  the  air,  the  animals  die  a  great  deal  foon- 
er,  than  if  it  were  left  in  the  velVel;  tlio',  by  that  exfuftion,  the  ambient 
fpace  is  left  much  more  free  co  receive  the  fteams,  that  are  either  breath- 
ed out  of  the  iungs  of  the  animal,  or  difchaig'd  by  infeaftble  tranfpicai- 
hon. 

But,  if  the  hypothecs  be  taken  in  the  other  fenfe,  it  feems  agreeable  to 
that  grand  obfervation,  which  the  phenomena  of  our  engine,  and  the  re- 
lations of  travellers  fuggeft,  that  there  is  a  certain  confiitence  of  air,  re- 
quifite  to  refpiration  ;  fo  that,  if  it  be  too  thick,  and  already  over-charg'd 
with  vapours,  it  will  be  unfit  to  unite  with,  and  carry  off  thofe  of  the 
blood ;  as  water  will  diflolve,  and  alfociate,  but  a  certain  proportion 
of  ialine  corpufcles ;  and,  if  it  be  too  thin,  the  number  or  fize  of  the  aeii- 
al  particles  is  too  fmall  to  receive,  and  carry  off  the  excrements  of  the 
blood  in  due  quantity. 

Now,  that  air  too  much  chicken'd  with  fteams,  is  unfit  for  refpiration. 

Spears  by  what  happens  in  the  lead-mines  of  De-uon/bire,  and,  perhaps, 
fome  otner  countries  ;  for,  I  am  credibly  inform'd,  that  damps  often 
rife  hwe,  which  fo  thicken  the  air,  as  fuddenly  to  ftifie  the  workmen. 
And,  that  this  proceeds,  not  from  any  arfenical,  or  poifonous  exhalation 
coDcain'd  in  the  damp ;  but,  from  too  great  a  conaeoistion  of  the  air ; 

feems 
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ieems  probable,  becaufe  it  often  leifurely  cxtinguiihes  the  flames  of  their  ^•JJJiil*'*; 
candles,  or  lamps  s  and  alfo,  becaufe  in  thofe  cellars,  where  large  quanti- 
ties of  new  wine  are  fet  to  work,  men  have  been  fuffocated  by  the  fteams 
exhaling  from  the  muft,  and  too  much  thickening  the  air :  for  this  reafon, 
in  fome  hot  countries,  thofe  who  have  occafion  to  go  into  fuch  cellars, 
carry  with  them  a  quantity  of  well-kindled  coals,  which  they  hold  near 
their  faces,  whereby,  the  tumes  being  diffipated,  and  the  air  rarified,  the 
ambient  body  is  reduced  to  a  confiftence  fit  for  refpiration. 

And,  by  way  of  confirmation  hereof,  we  may  add,  that  in  a  fmall  recei- 
ver, we  carefully  clos'd  a  bird,  which,  tho'  for  a  quarter  of  an  hour,  he  feem'd 
not  much  prejudiced,  by  the  dofenefc  of  his  prifon,  he,  afterwards,  be- 
gan to  pant  vehemently,  keep  his  bill  0{>en,  and  appear  very  fick ;  and,  at 
length,  after  fome  long,  ancl  violent  ftrainings,  he  caft  up  a  little  matter  out 
of  his  ftomach:  and  this  he  did  feveral  times^  till  growing  fo  fick,  that  he  ftag- 
ger'd,  andgafp'd,  and  was  ready  to  expire.  Now,  we  perceivM,  that  within 
three  quarters  of  an  hour,  from  the  time  he  was  put  in,  he  had  £o  thicken'd,  and 
tainted  the  air,  with  the  fteams  of  his  body,  that  it  was  become  altogether 
unfit  for  the  ufe  of  refpiration  ;  which  is  no  wonder,  fince,  according  to 
Saniiorim^  that  part  of  our  aliment,  which  goes  off  by  infenfible  perfpiration, 
exceeds,  in  weight,  all  the  vifible,  and  grower  excrements,  both  folid,  and 
liquid. 

That  air  too  much  dilated,  is  unfit  for  refpiration,  the  fudden  death  of 
animals  kill'd  in  our  exhaufted  receiver,  fufficiently  manifefts.  And,  it  may 
well  be  doubted,whether  if  a  man  were  raised  to  the  very  top  of  the  atmo- 
fphere,  he  would  be  able  to  live  there  many  minutes.  Jofephus  Acofta  tells 
us,  that  when  he  himfelf  pafs'd  the  high  mountains  of  Peru^  to  which,  he 
fays,  the  Alps  feemM  but  as  ordinary  houifes,  compared  with  high  towers  ; 
he,  and  his  companions  were  furpriz'd  with  extreme  pangs  of  ftraining,  and 
vomiting  blood,  and  with  to  violent  a  diftemper,  that  he  concludes,  he  Ihould 
undoubtedly  have  died,  but,  that  this  lafted  not  above  three,  or  four  hours^ 
before  they  came  into  a  more  natural  temperature  of  air.  Our  author 
adds,  that  he  is,  therefore,  perfuaded,  *'  the  element  of  the  air  is  there  fo 
**  fubtile,  and  dqlicate,  as  to  be  inconfiftent  with  the  re^iration  of  man, 
"  which  requires  a  more  srofs,  and  temperate  air.'' 

But,  perhaps,  the  air  doth  fomething  more,  than  barely  help  to  carry  oft* 
what  is  thrown  out  of  the  blood,  in  its  palTage  thro'  the  limgs,  from  the 
right  ventricle  of  the  heart  to  the  left.  For  in  phlegmatic  conftitutions, 
and  difeafes,  the  blood  wiU  circulate  tolerably  well,  notwithftanding  its 
being  exce/fively  ferous ;  and  in  afthmatical  cales,  tho'  the  lungs  be  greatly 
ftuiPd  with  vifcid  phlegm,  yet  the  patient  may  live  for  fome  years :  whence 
it  is  fcarce  probable,  that  either  the  detention  of  the  fuperfluous  ferum  of 
the  blood,  for  a  few  moments  in  the  lungs,  (hould  be  able  to  kill  a  perfe£tiy 
found  and  lively  animal ;  for  we  commonly  found,  upon  repeated  trials,  in 
a  .fmall  receiver,  that,  within  half  a  minute,  a  bird  would  be  furpriz^d 
by  mortal  convulfions,  and,  within  a  minute  more,  would  die,  beyond  a 
poffibility  of  recovery  from  the  air,  tho'  never  fo  haftily  let  in.    And, 

O  o  o  2  what 
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what  (hews  it  was  not  the  clofcnefs  of  the  veflel,  but  the  ftKlden  exfuc- 
tion  of  the  air,  that  killed  thofe  creatures  fo  foon  ;  we  once  inclos'tl  a 
bird  in  a  fmail  receiver,  #herc,  for  awhile;,  he  cat  very  chcarfuily  Ibma 
feeds  that  we  convev'd  in  with  him  ;  and  not  only  liv'd  ten  minutes,  but 
htfd,  probably,  fiirviv  d  ftitichlonger,  tho'  he  had  not  been  relcu'd.  AnothW 
biid  being,  within  half  a  minute,  caft  ino  violent  convulfions,  upon  thtf 
ftxfuftion  of  the  air;  we  haftily  turn 'd  the  ftop-cock,  to  let  i!  in  again,  where- 
by the  gafoing  animal  was  pfefcntly  recovered.  And,  at  another  time,  we, 
at  night,  mut  up  a  bird  in  one  of  our  fmall  receivers,  and  obferv'd,  that, 
Ibr  a  while,  he  was  fo  infenfible  of  the  alteration  of  the  air,  that  he  fel( 
afleep,  with  his  head  under  his  wing  ;  and  tho*  he  afterwards  awaked  fick, 
yet  he  continued  upon  his  legs,  for  above  forty  minutes  ;  and  then  fecming 
teady  to  expire,  we  took  him  out,  and  foon  found  him  lively.  Upon  the 
whole,  tliere  appears  reafon  to  fulpeft,  that  there  is  fomc  ufe  of  the  air, 
Which  we  do  not  yet  thoroughly  underftand,  that  makes  it  fo  necelTary  to 
the  life  of  animals. 

Paracelfus,  indeed,  tells  us,  that  "  as  the  ftomach  conco^s  the  aliment, 
"  and  makes  part  of  it  ufeful  to  the  body,  rejefting  the  other ;  fo  the 
"  lungs  confume  part  of  the  air,  and  rejeft  the  reft."  Whence,  according 
to  him,  we  may  fuppofe  ft  little  vital  quintelfence  in  the  air,  which  ferves  to 
refrefh  and  reftore  our  vital  fpiriis  ;  for  which  purpofe,  the  grofler,  and 
far  greater  part  of  the  air,  being  unferviceable,  it  is  not  ftrange  that  an 
animal  (hould  inceflantly  require  irelh  air.  This  opinion,  indeed,  is  not 
abfurd ;  but  it  requires  to  be  explained  and  prov'd:  befides,  fomeobjeftionS 
may  be  made  to  it,  from  what  has  been  already  argued  againft  the  tranf- 
mutation  of  air,  into  vital  IpiritS.  Nor  is  it  probable,  that  the  bare  wane 
of  the  generation  of  the  ufufll  quantity  of  vital  fpirits,  for  lefs  than  one  mi- 
nute, fliould  be  able  to  kill  a  lively  animal,  without  the  help  of  any  exter- 
nal violence.  And,  upon  this  fuppolition,  Cornelius  Drebell,  is  affirm'd,  by 
many  credible  peribns,  to  haVe  contrived  a  vcfTel  to  be  row'd  under  water ; 
for  Drebell  conceiv'd,  that  it  is  not  the  whole  body  of  the  air,  but  a  cer- 
tain i^irituousJ«it  of  it,  that  fits  it  for  refpiration  ;  which  being  fpent,  the 
remaining  groflet  body  of  the  air,  is  unable  to  cherifli  the  vital  fiame  rea- 
ding in  the  heart.  So  that,  befides  the  mechanical  contrivance  of  his  boat, 
he  had  a  chyitiical  liquor,  which,  by  unftopping  the  veflel  wherein  it  was  con- 
fllin'd,  the  mmes  of  it  Would  fpcedily  reftore  to  the  air,  foul'd  by  refpira- 
tten,  fuch  a  proportion  of  vital  parts,  as  would  make  it  again  ht  for  that 
office  ;  and  having  made  it  my  bufinefs  to  team  this  ftrange  liquor,  his  re- 
litions  conftantly  aflSrm'd,  that  Drehetl  would  never  difclofe  it,  but  to  one 
perfon,  who  himfelf  told  me  what  it  Was.  I  have,  therefore,  been  fome- 
times,  inclined  to  fuppofe,  the  air  nece(&ry  to  ventilate  and  cherifli  the 
vital  ftame,  Which  fome  imagine  to  be  continually  burning  in  the  bean  : 
for  that,  in  our  engine,  the  flame  of  a  lamp  will  vanifli  almoft  as  foon  af- 
rtr  the  exfuftion  ot  the  air,  aS  the  life  of  an  animal.  We  have  made  ■  a 
hftrd  body,  in  the  form  of  a  clove,  but  twice  as  long,  and  proporrionably 
tUck,  of  fuch  fl  compolIcioD,  that  if  ic  be  Idndled  at  tbe  upper  end,  it  will 
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moft  certainly  bum  away  to  the  bottom,  much  better  than  a  match  :  this^^^Jil**!* 
we  often  conveyed,  kindled  at  the  upper  end,  into  a  fmall  receiver ;  but  ftill ' 
found,  that  tho*  prefently,  upon  the  exfuftion  of  the  air,  it  would  leave 
fmoking,  and  feem  quite  gone  out ;  and  again  begin  to  fmokc,  as  fbon  as 
the  air  was  let  in  upon  it ;  yet,  if  the  air  were  kept  out  but  four  or  five 
minutes,  the  fire  would  be  totally,  and  irrecoverably  extinguifh'd.  And. 
conveying  a  finall  lamp  into  a  large  receiver,  with  highly  re£Hfied  fpirit  of 
wine,  we  could  not,  upon  feveral  trials,  make  the  flame  laft  two  mi- 
nutes, after  the  air  was  began  to  be  drawn  out.  This  latter  opinion,  how- 
ever, has  its  difficulties :  for  tho'^  in  the  hearts  of  many  animals,  the  blood 
be  a  warm  liquor,  and,  in  ibme,  even  hot;  yet  it  is  hard  to  conceive  either 
how  the  air  can  get  thither ;  or  how,  in  cafe  it  could,  it  Ihould  increafe  the 
heat:  (ince,  however  the  aip  may  increafe  the  heat  of  a  coal,  by  blowing 
off  the  aflies,  and  making  the  adiive  corpufcles  penetrate  farther  into  the 
kindled  body,  and  fhatter  it  th^  more  ;  yet  hot  Uquors  have  their  heat  al- 
lay'd,  by  air  blown  on  them.  And,  (ince  fome  naturalifts  think  the  heat, 
refiding  in  the  heart,  to  be  a  true  flame,  but  temperate  as  the  flame  of  fpi^ 
rit  of  wine  ;  which  will  long  bum  upon  fine  linen,  or  papq:,  without  con- 
fuming  them  ;  I  wilh  they  had  been  more  curious  to  make  different  trials 
with  that  liquor.  For  the  flame  of  highlv  re£Hfied  fi>irit  of  wine,  will 
not  only  confume  paper,  and  linen ;  but  I  have  ufed  it  in  lamps,  to  diftil 
liquors  out  of  tall  cucurbits,  and  found  that  it  gave,  at  leaft,  as  great  a 
heat,  .as  oil:  nay,  I  have  readily  melted  crude  |^d,  with  the  bare  flame, 
of  this  fpirit. 

Dr.  Harvey  demands,  "  why  a  foetus,  even  out  of  the  womb,  if  involv'ii 
in  the  fecundines,  may  live,  for  a  confiderable  time,  without  refpiration ; 
yet,  if  after  having  once  began  to  breathe,  its  refpiration  be  ftoo'd,  it 
prefently  dies  ?  "  We  pretend  not  to  folve  this  problem,  but  made  tne  fol- 
lowing experiment  with  a  view  to  it.    We  causM  a  bitch  to  be  ftrangled,. 
that  was  almoft  readv  to  whelp ;  and  prefently  opening  her,  found  four 
puppies ;  one  of  whicn  we  freed  from  the  coats  that  involvM  him,  and 
fi-om  the  liquor  wherein  he  fwam,  and  obferved,  that  he  quickly  opened 
his  mouth  very  wide,  mov'd  his  tongue,  and  exercised  refpiration.    Then, 
we  open'd  both  his  abdomen,  and  cheft,  and  cut  the  diaphragm  afunder  ; 
notwithftanding  which,  he  feem'd  often  to  endeavour  at  refpiration,  and. 
remarkably  mov'd  the  intercoftal  mufcles,  part  of  the  diaphragm,  the  mouth' 
and  tongue.    But  being  defirous  to  try  whether  the  other  young  ones, 
that  had  not  yet  breath'd  at  all,  would  long  furvive  this;  we  tool  them 
out,  and  having  opened  them,  found  none  of  them  fo  much  alive  as  tp- 
have  any  perceptible  motion  in  their  hearts;  whereas  the  heart  of  that  which 
had  once  enjoy  d  the  benefit  of  refpiration,  continued  its  motion  fo  1oq^». 
that  we  obferv'd  the  auricle  to  contra£^,  after  five  or  fix  hours  ;  and  u 
continued  about  two  hours  longer. 

It  is  much  doubted,  whether  fifh  breathe  under  water.  That  fuch  as 
are  not  of  the  whale  kind,  have  no  refpiration,  as 'tis  exercifed  by  beafls,  and 
birds^  may  be  argued  from  their  having  no  cavity,  in  their  bean^^  aod  from 

their. 
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HATi«..jhei].  i^ant  of  lungs,  whence  tliey  are  obferv'd  t©  be  mute;  unlefswe  fay, 
^^^*'  that  their  gills  anlwer  to  lungs.     But  that  air  is  neccflary  even  to  the  lives 
of  fifti;  and  that  therefore,  'tis  probable,  they  have  fome  obfcure  kind  of 
|l  rcfpiration,  feems  manifeft  from  obfen-arions,  and  experimenrs.     ^Several 

L  authors  tell  us,  that  fifti  foon  die   in  ponds,  and  glalTes  quite  fiH'4  with 

r  water,  if  the  one  be  fo  frozen  over,  and  the  other  fo  clofely  flop'dj  that 

they  cannot  enjoy  the  benefit  of  the  air.  And  our  engine  hath  taught  us, 
that  many  little  parcels  cf  inferfperfcd  air,  lurk  in  water;  and  this,  per- 
haps, fifli  may  make  ibme  ufe  of. 

Removing  a  large  eel,  out  of  a  veffel  of  water,  into  our  great  receiver, 
wc  caufed  the  air  to  be  evacuated,  and  obfcrv'd,  that  after  fome  motion 
in  the  glafs,  fte  feem'd  fomewhat  difcompofed,  and,  at  length,  tum'd  up 
her  belly,  and  afterwards  lay  altc^ether  movelefs,  as  if  quite  dead  ;  but 
upon  taking  her  out  of  the  receiver,  mefhew'dherfelf  as  much  alive  as  before. 
But,  indeed,  a  large  CTey  houfe-fnail,  being  clos'd  up  in  one  of  our 
fmall  receivers,  neither  fell  down  from  the  fide  of  the  glafs,  upon  draw- 

Eing  out  the  air  ;  nor  was  fo  much  as  dcpriv'd  of  progrellive  motion  there- 
by: tho',  except  this,  we  never  put  any  living  creature  into  ourexhaufted 
I  receiver,  but  what  gave  figns  of  death. 

^  Hippocrates,   and  lome  learned  phyficians  of  late,  fuppofe,  that  a  fcetus 

refpires  in  the  womb;  but  it  feems  very  difficult  to  conceive  how  air 
fliould  traverfe  the  body  of  the  mother,  and  the  teguments  of  the  child  : 
and  fince  nature  hath,  in  new-born  infants,  contrived  peculiar  temporary 
vcffels,  that  the  blood  may  circulate  thro' other  paiTages,  than  ir  does  in 
''  the  lame  individuals,  when  they  come  to  have  the  free  ufe  of  their  lungs, 

'tis  improbable  that  the  foetus  in  the  womb  ftiould  properly  refpire :  but, 
then,  fince  our  experiments  have  manifefled,  that  almoft  all  kinds  of  liquors, 
as  well  as  water,  abound  with  intcrfperfed  corpufcles  of  air,  it  feems  not 
altc^ether  ablurd,  that  when  the  foetus  is  grown  big,  it  may  exercile  Ibme 
obfcure  refpiration  ;  efpecially  fince  children  have  been  heard  to  cry  in 
the  mother's  womb.  And  I  know  a  young  lady,  whofe  friends,  when  (he 
once  went  with  child,  complain'd  to  me,  that  fhe  was  feveral  times  much 
Jrighted  witfi  fuch  cries ;  which,  till  I  diiabufed  her,  fhe,  and  her  friends, 
loM'd  upon  as  portentous.  And  'tis  no  very  unfrequent  thing,  to  hear 
the  chick  pip  in  the  egg,  before  the  fliell  is  broken.  This,  however,  I  only 
bring  as  a  probable  argument,  till  I  can  difcover  whether  the  motion  of  a 
rarined  fubftance,  tho'  no  true  air,  may  not,  at  the  top  of  the  larynx,  pro- 
duce a  found;  fincc  the  blade  of  a  knife,  held  in  Icveral  poftures,  in  the 
fiream  of  the  vapours  chat  iffiies  out  of  an  xolipile,  willaflord  various  and 
very  audible  founds.     I  have,  alfo,    had  thoughts  of  trying  to  make  a 


feems  not  impoffible,  that  fome  men,  by  ufe,  ma^  bring  themfelves  to 
fupporc  thewant  ofaira  pretty  while  ;  fince  we  fee  that  feveral  willlive 
nntch  longer  than  others  under  water.    Thofe  who  dire  for  pearls  in 

the 
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the  JVeft'hdiay  are  reported  to  be  able  to  ftay  a  whole  hour  under  water:  fc«»nATi«t. 
and  Cardan  tells  us  of  one  ColanuSy  a  diver  in  Sicily^  who  was  able  to  con-  '  ^^^^^ 
tinue  there  three  or  four  times  as  long.    We  have,  alfo,  often  feen  in  Eng-- 
land^  a  corpulent  man,  who  defcends  to  the  b(m:om  of  the  Thames^  and 
thence  brin€[S  large  fifh,  alive  in  his  hands,  out  of  deep  boles;  as  ^c^a  tells 
us,  he  faw  in  Peru^  the  like  manner  of  fifliing  praftifed  by  the  Indians. 

However,  there  are  but  few  men,  who,  even  by  ufe,  can  fupport,  for  ma- 
ny minutes,  the  want  of  air  :  a  famous  diver,  of  my  acquaintance,  tells  me, 
that  at  the  depth  of  50  or  do  fact  under  water,  he  cannot  continue  a- 
bove  two  minutes,  without  refbrting  to  the  air  which  he  carries  down 
with  him  in  an  engine.  He,  alfo,  told  me,  that  by  the  help  of  fpunges 
dip'd  in  oil,  and  held  in  his  mouth,  he  could  much  longer  fupport  the 
want  of  refpiration,  under  water,  than  without  them  :  the  true  caufe  oiF 
which,  would,  perhaps,  if  difcover'd,  hint  the  nature  of  refpiration 
in  fifh.  But  the  neceffity  of  air  to  the  greateft  part  of  animals,  unaccufto- 
med  to  the  want  of  it,  mavbe  beft  judg  d  of  by  the  following  experiment. 

We  conveyM  a  bee,  a  flefh-fly,  and  a  palmer-worm,  into  one  ot  our  fmall 
receivers,  and,  upon  exhaufting  thereof,  obferv'd,  that  the  bee  and  the  fly 
fell  down,  and  lay  with  their  bellies  upwards,  and  that  the  worm  feem'd  to 
be  fuddenly  ftruck  dead ;  all  of  them  lying  without  motion,  or  any  other 
difcemible  fign  of  life,  in  lefs  than  one  minute ;  notwithflanding  the  fmall- 
nefs  of  the  animals,  in  proportion  to  the  receiver,  which,  too,  was  not  free 
from  leaks :  but  we  had  no  fooner  re-admitted  the  air,  than  all  the  three  in- 
fcfts  gave  figns  of  life,  and,  by  degrees,  recovered.  When  we  had .  again 
drawn  out  the  air,  their  motions  prefently  ceafed,  and  they  fell  down,  feem- 
ingly  dead,  as  before ;  continuing  movelefs,  as  long  as,  by  pumpii^,  the  vefTel 
was  kept  exhaufled.  Herein  appears  the  wife  conduct,  and  goodnefs  of 
the  creator,  who,  by  giving  the  aii*  a  fpring,  hath  made  it  very  difficult  to 
exclude  a  thing  fb  neceflary  to  animals,  i^d  here  we  may  iufyt£kj  that 
•if  infefts  have  no  lungs,  nor  any  part  anfwering  thereto,  the  ambient  air 
affefts,  and  relieves  them,  at  the  pores  of  their  skin  ;  for,  as  Hippocrcues 
well  faid,  "  a  living  body  is  every  where  perfpirable.*^  Thus  the  moifte«^: 
parts  of  the  air  readily  infinuate  themfelves  into,  and  recede  from  the 
pores  of  the  beards  of  wild  oats,  and  of  other  wild  plants,  wliich  almoft 
continually  wreath  and  untwift  themfelves,  according  to  the  lightefl  vari- 
ations in  the  temperature  of  the  air. 

We,  particularly,  took  notice  in  this  experiment,,  that,  when,  at  any 
time,  upon  the  re-admiifion  of  the  air,  the  bee  began  to  recover,  the  firit 
fign  of  life  (he  gave,  was  a  vehement  panting,  which  appeared  near  the 
tail ;  the  like  we  have  obferv'd  in  bees  drown  d  in  water,  when  they  firft 
come  to  be  revived,  by  a  convenient  heat ;  as  if  the  air  were,  in  one  cafe, 
as  proper  to  fet  the  fpirits,  and  alimental  juice  in  motion,  as  heat,  in  the 
other. 

This  experiment,  alfo,  feems  to  manifeft,.  that,  even  living  creatures, . 
man  always  excepted,  are  a  kind  of  very  curious  machines*    For,  here  we 
fire  animals  lively,  and  perfedly  found,  immediately  deprived  of  motion, 

and 
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•"^l"' and  all  difcemible  figns  of  life,  and  reduced  to  a  condition  that  dificTf 
^^^^^  from  death,  only,  in  being  not  abfolutely  irrecoverable :  and  this  is  per- 
form d  without  the  leaft  external  violence,  more  than  is  offer'd  to  a  wind- 
mill, when,  the  wind  ceafing  to  blow  on  the  fails,  all  the  feveral  parts 
remain  moveleis,  and  ufelefs,  till  a  new  breeie  puts  them  again  into 
motion. 
I  *Tis  known,  that  bees,  and  fome  other  infe£ls,will  walk,  and  fly,  for  a  great 

while  after  their  heads  areoftj  and  fometlmes  one  half  of  the  body  will,  for 
feveral  hours,  walk  up  and  down,  when  it  is  fe\-er'dfrom  the  other;  yet,  upon 
the  exfuflion  of  the  air  in  this  experiment,  not  only  the  progrelTive  motion  of 
the  wholebody,  but  the  very  motions  of  the  hmbs  immediately  ceafc;  as  if 
the  air  were  more  neceflary  to  thefe animals,  than  theirowii  heads. 
But,  in  thefe  infefts,  that  fluid  body,  in  which  life  chiefly  rcfides. 
I  feems  nothing  near  fo  diflipable,  as  in  perfeft  animals.     For,  the  birds 

■  convey 'd  into  our  (mall  receiver,  were,  within  two  minutes,  brought  paft 
recovery  ;  but,  we  were  unable  to  kill  our  infefts,  by  the  exfuftion  of 
the  air:  for,  the' as  long  as  the  pump  was  kept  working,  they  continued 
immoveable,  yet,  when  that  refted,  the  air,  which  prefs'd  in,  at  the  un- 
perceiv'd leaks,  (lowly  reftored  them  to  the  free  exercife,  andfunftions  of 
life.  Without  denying,  then,  that  the  air  may  be,  fometlmes,  very  ufe- 
ful,  by  condenfing,  and  cooling  the  blood,  that  palfeth  thro'  the  lungs  ;  I 
am  of  opinion,  that  the  depuration  of  that  animal  fluid,  is  one  of  the 
ordinary,  and  principal  ufes  of  refpiration.  • 

!jrf'«™-       ■**•  '^'^™g  cntertain'd  a  fuJpicion,  that  the  action  of  corrofive  liquors 
Ml  ^^''^  diffolving  bodies,  may  be  considerably  varied  by  the  gravitation,  or  pref-    , 
^/^■"fure  of  the  incumbent  air,  and  the  removal  of  it;  I  examined  my  conjeo-    i 
tu^ebyt^1C  following  experiment. 

I  caft  ten  whole  pieces  or  fprigs  of  red  coral,  into  as  much  fpirlt 
•t^  vinegap  as  ' reach d  an  inch  above  them  ;  then. putting  thefe,  tpge- 
"ther'wiHi  the  menftruum,  into  a .  long-neck'd  ml,  whereof  they  fcarce 
iMfd  ai  third  oart,  we  convey'd  that  vial  into  one  of  our  Onall  recei^rs, 
•^and  havmg'iaften'd  on  the  cover,  we  lerthe  liquor.remain  unmov'd  a  while. 
•But  finding,  there  only  artrfe,  as  before,  a  number  of  fmall  bubble?, .  that 
caufed  nofenfiWe  froth  upon  thefurfece  of  the  vinegar ;  we  made  two  or 
•three  exfiiftions  of  the-air,  iipon.wbich  there rofe,  from  the  coral,. fuch  a 
multitude  of  bubbles,  as  made  the  whole  body  of  the  nieoftruum  Appear 
white  ;-and  foon  after/ yielded  a  froth,  equal  in  magnitude  cothe  reft  of  the 
liquor  ;  >  the  menftruum  plainly  appearing  to  boil :  tbo*,  if  we  deGfted  but 
oneminnte  from  pumping,  the  decreafe  of  the  froth,  and  ebullition,  upon 
the.  getting  in  of  a  little  air,  at  fome  leak  or  other,  ieem'd  to  argue,  that 
the  removal  of  thepreflure  of  the  external  air,  cave  oouUkm  to- this  efler- 
tefccnce.  Bat,  for  farther  fatisfeftion,  we  let  in  the  external  air  at  the 
ftop-cock,  when,  immediately,  the  froth  vaniflied  j  and  fo  many  of  the 
bubbles,  within  the  body  of  the  Uqnor,  dilappeir'd,  that  it  loft  ixs  white- 
nefs,  and  became  rranfparent  «gain;'the  menftruum,  alfo,  working  .as 
languidly  upon  the  conlj'as  before '  they  wexa-piit Joco.  cbe :  recover :  .l>ut, 

when 
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when  we  had  again  drawn  out  the  air,  firft  the  whitenefs  re-appearM,  and  PnEtruAnc.. 
then  the  ebullition  was  rencw'd ;  which,  at  length,  grew  fo  great,  that,  ^^^^'VV^ 
for  three  or  four  times  fucceflively,  when  the  air  was  let  out  of  the  re- 
ceiver into  the  emptied  cylinder,  the  froth  overflowed  the  glafs,  and  ran 
down  the  fides  of  it :  and  yet,  upon  re-admitting  the  excluded  air, 
it  grew,  immediately,  calm  and  tranlbarent ;  as  if  its  operation  upon  the 
coral,  had  been  facilitated  by  the  cxfuction  of  the  incumbent  air ;  which, 
on  its  recefs,  left  it  eafier  for  the  more  a£tive  parts  of  the  liquor  to  fliew 
themfelves,  than  whilft  the  preffure  of  the  air  continued.  It  may,  indeed, 
be  fufpe£ted,  that  thofe  vaft  and  numerous  bubbles  proceeded  not  from  the 
action  of  the  menftruum  upon  the  coral,  but  from  the  fudden  emerflon  of 
thofe  many  little  parcels  of  air,  which  are  difperfed  in  liquors ;  but, 
having  haa  this  fufpicion  before  we  made  the  experiment,  we  conveyed  our 
diftill  d  vinegar,  alone,  into  the  receiver,  and  kept  it  a  while  there,  to  free 
it  from  its  bubbles,  before  ever  we  put  the  coral  into  it.  It  may  be  fuf- 
peded,  likewife,  that  the  agitation  of  the  liquor,  confequent  upon  fhaking 
the  glafs,  by  pumping,  might  occafion  the  ebullition ;  but,  upon  trial,  there 
appeared  no  confiderable  change  in  the  liquor,  or  its  operation,  tho'  the 
containing  veflel  was  fhaken,  if  no  air  were  drawn  out.  The  experi- 
ment was  again  made  in  a  finall  receiver,  upon  coral  grofly  powdered, 
with  a  fuccels  very  like  the  former;  only  the  coral,  being  now  reduced  to 
fmaller  parts,  fo  many  little  lumps  of  it  would,  upon  the  ebullition  of 
the  liquor,  be  carry *d,  and  buoy'd  up,  by  the  emerging  bubbles,  as  fome- 
times  to  darken  the  vial ;  tho'  they  would  fall  again,  upon  letting  in  the 
air.  We  muft  not  omit,  that,  when  the  fpirit  of  vinegar  was  boiling  upon 
the  coral,  we  took  out  the  vial,  but  could  not  find  that  the  liquor  was  len- 
fibly  hot. 

43.  We  caufed  water  to  be  long  boilM,  that  it  might  be  freed  fit)m  itstht  Miitiwf 
air  ;  then,  almoft  filling  a  foxir-ounce  glals-vial  with  it,  we  conveyed  that, '^"*  ^^'^' " 
whilft  the  water  was  yet  hot,  into  a  fmall  receiver ;  and  having  luted  on 
the  cover,  the  air  was  drawn  out :  upon  the  two  firft  exfuftions,  there 
fcarce  appeared  any  change  in  the  liquor  j  nor  was  there  any  great  altera- 
tion made  by  the  third;  but  at  the  fourth,  and  afterwards,  the  water 
appeared  to  boil  in  the  vial,  as  if  it  had  ftood  over  a  very  ftrong  fire ;  £3r 
the  bubbles  were  much  greater  than  are  ufually  fopifidy  upon  the  ebullition 
of  large  quantities  of  water.  And  this  effervefceiloe  was  fo  great,  that, 
the  liquor,  boiling  over  the  top  of  the  neck,  much  of  it  ran  down  into  the 
receiver,  and,  fometimes,  continued  to  boil  there.  In  profecuting  the  ex- 
periment, we  obferv'd,  that,  fometimes,  after  the  firft  ebullition,  we  were 
obliged  to  make  feveral  exfuflions,  before  the  liquor  could  be  brought  to 
boil  again  :  but,  at  other  times,  as  often  as  the  air  was  fuHerM  to  pafs 
from  the  receiver  into  the  pump,  the  eflfervefcence  would  begin  afrefli ;  tho* 
the  pump  were  ply'd  for  a  pretty  while  together :  which  feem'd  to  argue^ 
that  the  boiling  of  the  water  proceeded  from  hence,  that,  upon  with- 
drawing the  preffure  of  the  incumbent  air,  either  the  fiery  corpufcles,  or 
rather  the  vapours  agitated  by  the  heat  in  the  water,  were  permitted 
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WiTtci.gi-catly  to  expand  themfclvcs  in  the  evacuated  receiver  ;  and,  in  their  m- 
'^'^'^^  multuous  dilatation,  lifting  up  the  higher  part  of  the  water,  and,  turning  it 
into  bubbles,  made  it  appear  to  boil ;  for  the  effervefcence  was  confined  to 
the  upper  part  of  the  water;  the  lower  remaining  cjuiet,  unlefs  the  liquor 
were  but  fliallow.  And  riio',  fomerimes,  as  we  laid,  the  ebullition  be- 
gan again,  after  it  had  ceafed  a  pretty  white  ;  whence  it  fecm'd  that  fome 
[  Concurrent  caule  did  a  little  modify  the  operation  of  heat ;  yet,  when  the 

water,  in  the  vial,  could,  by  pumping,  be  brought  to  boil  no  more,  the 
feme  water,  being,  in  the  very  fame  vial,  convey 'd  back  to  the  re- 
ceiver, was  quickly  brouglit  to  boil  afrefli,  with  vehemence,  and  for  a 
confiderable  time  ;  whitft  a  new  parcel,  taken  out  of  the  fame  boil'd  wa- 
ter with  the  former,  and  put  in  cold,  couJd  not,  by  pumping,  be  brought 
to  (hew  the  leaft  cfFervefcence.  And  hot  Ikllet-oil  (hew'd  no  effervefcencc 
I  in  our  receiver  ;  but  the  chymical  oil  of  turpentine  was  prefently  made  to 

'  boil  up,  till  it  reached  four  or  five  times  its  former  height  in  the  vial  j  and 

continued  boiling,  till  it  was  almoft  but  lukc-warm.     Wine,  nKo,  being 
'  coniey'd  in  hot,  did,  at  the  i-ery  firft  exfuftion,  begin  to  boil  fo  vehe- 

'  mently,  that,  in  a  fliort  time,  while  the  pump  was  kept  moving,  four  parts 

of  five  boil'd  over  the  vial,  tho'  It  had  a  long  neck.  And  even  of  the  wa- 
ter itfelf,  near  one  half  would,  fometimes,  boil  over  into  the  receiver,  be- 
fore it  became  luke-wam.  It  was,  alfo,  remarkable,  that  once,  when 
the  air  had  been  drawn  out,  the  liquor  did,  upon  a  lingle  exfufiion,  boil 
1.  fo  long,  with  prodigioufly  vaft  bubbles,  that  the  efervefcence  lafted  almoft 

t-  ft  quarter  of  a  minute.     Hence  it  appears,  that  the  air,  by  its  ftronger,  or 

I^^B   weaker  preSure,  may  very  much  modify  feveral  operations  of  that  vcbe- 
^Hf    ment  and  tumultuous  agitation  of  the  fmall  parts  of  bodies,  wherein  the 
^^^     nature  of  heat  fecms  to  confift :  fo  that  if  a  heated  body  were  convey 'd 
above  the  atmofphere,    'tis  probable,  that  the  heat  would  have  a  different 
operation,  as  to  the  power  of  cUffipating  the  parts  of  it,  from  what  it  hatfi 
here  below. 

SECT.   n. 
Ik  ^tfMt    TTAving  now  prefented  my  great  engine  to  the  royal  (bciety,  I  was 
ll^'*'      XX  obliged  to  br«cure  another  J  wherein,  tho*  the  conftruftion,  in  gene- 
ral, be  the  fame  id'^h,  there  were  fome  akerations,  and  improvements 
made. 
7|(.4t.ft4^      The  figures  reprefent  this  engine,  as  ready  for  work  j  and,  becaufe  the 
flicker  is  to  be  always  under  water,and  the  perforation  PQ,  that  is  continu'd 
perpendicularly  quite  thro'  it,  and  ferves,  together  with  the  ftick  R  S,  for 
a  valvti  is  to  be  ftopp'd  ftt  the  bottom  of  the  cylinder,  as  at  NO,  when 'tis 
full  of  water  ;  'twas  requifite  to  make  the  ftica  R  P,  two  or  three  feet  long. 
But  the  chief  thing  is,  that,  m  the  fecond  figure,  the  pipe  A  B,  whofe  end 
B,  bends  upwards,  lies  in  a  groove,  purpofely  made,  in  the  flat  wooden 
board  CD&F,  on  which  the  receivers  are  to  refl>    "This  fquare  board,  I 
caofed  to  be  overlaid  with  very  good  cement,  on  which  was  applied  a 
ftrong  plate  of  iroo,  of  the  bigneis  and  ibape  of  the  board,  leaving  only  a 

fmall 
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ifliallhole,  for  the  ereft  part  of  the  pipe  to  come  out  at  j  which  I  added,  ^»y^^c«« 
'  not  only  to  keep  the  board  from  warping,  but  becaufe  the  preffure  of  the  Vi^W/ 
atmofpbere  on  the  fide  of  it,  when  there  is  none,  or  very  little,  on  the 
other,  will  enable  many  aerial  particles  to  ftrain  thro*  the  wood,  tho* 
thick,  and  moiften'd  with  oil.  To  this  iron-plate,  we  can  fit  a  lip,  turn- 
ing up  about  it,  to  prevent  the  water,  that,  on  fome  occafions,  comes  from 
the  receiver,  from  falling  on  the  floor.  And,  by  the  way,  tho'  the  ftop- 
cock  G  H I K,  that  belongs  to  the  pipe,  may  be  mferted  at  I,  into  the 
cylinder  L  M  N  O,  by  the  help  of  folder ;  yet  we  chofe  to  have  the  branch 
I,  oif  the  ftop-cock,.  made  like  a  fcrew^  which,  being  once  firmly  fitted  to 
the  barrel,  is  not  apt  to  be  broken  off,  and  may  be  more  eafily  mended, 
if  any  thing  happen  to  be  out  of  order  j  which  the  engine  is  mofl:  liable  to, 
in,  or  about  the  pipe. 

The  fquare,  aha  hollow  wooden  pare  of  this  en^ne  difcemiblc  in  the 
firft  figure,  is  fo  made,  not  only  to  contain  the  cylinder,  but  as  much 
water  as  will  always  keep  it  quite  covered,  by  which  means,  the  fucker 
lying,  and  playing  always  under  water,  is  continually  kept  plump,  and 
turgid  ;  and  the  water  being  ready  to  fiU  up  any  little  interval,  that  may 
happen,  between  the  fucker,  and  the  infide  of  the  bart*eli  farther  conduces 
to  keep  out  the  air.  But,  if  great  care  be  not  taken  in  turning  the  ftop- 
cock,  the  water  will  be  impell  d  into  the  receiver,  and  prejudice  feveral 
experiments,  when  the  included  bodies  may  be  fpoil'd,  or  impaired  by  that 
liquor. 

The  flat  plate,  lately  mentioned,  has  this  great  conveniency  in  many  ex- 
periments, that  the  receiver  needs  no  ft(»-cock  of  its  own ;  for  fuch  a  vef- 
fel  being  made  of  an.  entire  piece  of  ^als,  and  laid  upon  the  plate,  well 
cover'd  with  cement,  can  better  keep  out  the  air,  tnah  if  there  were  a 
fl:op-cock,  at  which  the  air  too  frequently  gets  in. 

A  good  cement,  wherewith  to  fallen  the  receivers  to  the  iron-plate,  is  a 
thing  of  great  moment  in  making  the  following  experiments,  and  we  employ 
different  compofitions  for  different  purpofes  5  but,  in  general,  only  a  mixture 
of  bees-wax  and  turpentine,  made  with  eqilal  parts  for  the  winter,  and 
three  parts  of  the  former  to  two  of  the  latter,  for  the  fummer. 

I.  We  took  a  vial  with  a  fmall  nedk,  and  having  fiU'd  about  a  foikrth  part  o'^Mmnryfsh'i, 
it  with  quick-f  liver,  we  fo  erefted,  and  faften'd  a  long  andflendfcr  pipe  of  gfarfs,  J'lSiSSKii 
open  at  both  ends,  in  the  neck  thereof,  with  hard  fealing  waic,  thkt  the  loWer  «^. 
end  reached  almoft  to  the  bottom  of  thd  aiiick-filver,  afad'thc  upper  nioiie  than  ^*-  ^ 
a  yard  above  the  vial ;  then,  having  blown  in  a  little  air,  we  Convey *d  the 
whole  into  a  long  flender  receiver :  upon  evacuating  whereof,  We  found> 
that  the  ipring  of  the  air  included  in  the  vial,  impelled  the  quidc-filver  into' 
the  erefted  pipe,  to  the  height  of  27  inches  j  and  fuffering  thfc  tbcterhal  air 
to  return  into  the  receiver,  the  quick-filver  fubfided  inthdtube,  forhetime$ 
almoft,  and  fometimes  quite  as  low  as  the  ftagnant  mercury  in  the  vial. 

This  experiment  we  made  feveral  times;  and  having  once  blown  in  fo  much^ 
air^  that  what  was  in  the  cavity  of  the  vial  raised  and  kept  the  quick-filver 
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j-*^- three  inches  high  in  the  pipe,  we  found,  by  emptying  the  receiver,  that  the 
^''^^  quick-filvcr  role  50  inches,  or  more,  above  that  in  the  vial, 

Somcumes  it  may  happen,  that  the  mercury,  when  taken  very  foon  out 
ci  the  receiver,  wiUnot  appear  to  have  fubfided  to  its  firftllation;  which 
is  not  to  be  woniier'd  at ;  iince,  in  a  receiver,  containing  but  little  air,  the 
heat  of  the  cement,  and  of  the  iron  employ 'd  to  melt  it  quite  round  the 
glafs,  may  impart  a  little  warmth  to  the  air  in  the  vial,  which  will  after- 
wards return  to  its  former  temper. 

'lis  very  remarkable,  if  the  receiver  be  properly  ftopp'd  and  flendcr  e- 
nough,  that  upon  the  turning  of  the  ftop-cock  to  let  out  the  aur  at  the  firft 
exfuiHion,  the  mercury  will  be  impcll'd  up  by  the  fpring  of  that  in  the  vi- 
al, fo  as  to  rife  icveial  inches  above  the  height  it  will  afterwards  reft  at, 
and  make  feveral  vibracions  up  and  down  before  it  comes  to  fettle  ;  juft  as 
the  mercury  does  in  the  TorrkeUiaa  experiment :  and  fuch  motions  of  the 
mercury  will  be  made  for  four  or  five  fubfequent  exfuftions;  but  they  grow 
gradually  lefs,  as  the  fpring  of  the  included  air  is  weaken'd. 

At  the  firft  exfuftion,  when  the  fpring  of  the  included  air  was  yet  ftrong, 
we  found  the  mercury  would  be  rais'd  above  half,  if  not  -f  of  the  whole 
heit;;ht,  whereto  'twill,  at  length,  afcend :  but  the  fubfequeat  Ibokes  add 
a  Icls  proportion  of  height  to  the  mercurial  cylinder,  fucceffivejy  ;  bccaufe 
the  more  mercury  is  impell'd  into  the  tube,  the  greater  weight  prefles 
upon  the  included  air;  and  becaufe  the  air  hereby  gains  the  more  room, 
I  in  the  vial,  to  expand  itfelf:  whence  the  fpring  muft  be,  proportionably, 

weakned. 

Laftly,  in  making  of  thcfe  trials,  I  obferved  the  mercury  in  a  good  ba- 
rometer, and  found  its  greaceft  height  twenty-nine  inches,  and-f;  and 
foon  after  we  had  finifhcd,  bur  twenty-nine. 

To  eftimate  the  quantity  of  air,  that  had  raifcd  the  quick-filver  to 
twenty-feven  inches  ;  we  counterpois'd  the  vial,  employ'd  about  this  ex- 
periment, whilft  it  was  empty ;  afterwards  filled  it  with  water,  and  found 
the  liquor  to  weigh  five  ounces,  two  drams,  and  twenty  grains  ;  then  having 
pour'd  out  the  water,  till  it  was  funk  to  a  mark,  we  made  on  the  outlide 
of  the  glafs,  we  weigh'd  the  remaining  water,  equal  in  bulk  to  the  quick- 
filver,  and  found  it  one  ounce,  two  drams,  fourteen  grains  :  fo  that  the 
air,  which  had  rais'd  up  the  mercury,  poffefs'd,  before  its  cxpanfion,  the 
fpace  but  of  four  ounces,  and  a  few  odd  grains  in  the  vial.     The  bore  of 
the  pipe  tifed  in  this  experiment,  was  about  t  inch  in  diameter. 
^Aimbuta      2.  Into  a  ftrong  glafs  bottle,  capable  of  holding  a  quart,  we  put  a  con- 
""JJlf^lJ^^venient  quantity  of  quick -filver,  and  erected  in  it  a  very  long  fiender  pipe 
i«ij»«»4.rJ«fof  glafs,  open  at  both  ends,  and  reaching  with  the  lower  beneath  the  fur- 
tbitmrmdir.    £^^g  ^£^  the  ftagnant  mercury  J  and  having  well  cemented  this  pipe  in  the 
neck  of  the  bottle,  we  convey 'd  the  whole  into  a  receiver,  much  larger 
than  the  former  J  and  then  the  engine  being  work'd,  the  quick-filver  was 
prefently  rais'd  to  a  greater  height  than  before ;  and  when  it  ftood  ftill, 
we,  by  the  help  of  ibmc  marks  made  before-hand  on  the  pipe,  and  a 
very  long  and  well-divided  ntler,  caiefully  meafuied  the  height  of  the  mer- 
curial 
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curial  cylinder,  which  we  found  to  be  2 p  inches  and  about  i ;  but  deduft-^»^^j;j^^* 
ing  halt  an  inch,  which  was  raisM,  before  we  employed  the  pump,  by  feme  ' 
air,  that  had  been  blown  into  the  bottle,  to  try  whether  it  were  ftanch, 
there  remained  29  inches  and  near  4-  for  the  heiTht  of  the  mercury  rais'd 
by  the  fpring  of  the  air  (hut  up  in  the  bottle  ;  and  then,  confulting  the  baro- 
meter, which  ftood  in  another  part  of  the  houfe,  I  found  the  weight  of 
the  atmofphere  fuftain'd  a  mercurial  cylinder,  of  about  twenty-nine  inches, 
and  a  half. 

We  caufed  the  pump  to  be  well  ply*d,  to  try  whether  the  quick-filver 
would  not  rife  higher  ,•  but  were  connrm'd,  that  the  fpring  of  the  air  was 
infufficient  for  that  purpofe. 

3.  Taking  the  glafs-bottle,  ufed  in  the  former  experiment,  andereftingtieftrii.;of^« 
in  it,  after  the  manner  above-defcribed,  a  cylindrical  pipe  of  glafs,  much  ^^^''^iriV 
larger  than  the  other ;  we  profecuted  the  experiment,  as  with  the  (lender** .«» 't«'' 
tube  before-mention'd,  and  found,  that,  by  the  fpring  of  the  air  in  the^JSiiii* 
bottle,  the  quick-(ilver  was  raifed  twenty-eight  inches,  and  one  eighth  ; 
that  is,  above  an  inch  Ihort  of  the  mercurial  cylinder  in  the  barometer,  at 
the  fame  time ;  a  difference  no  greater  than  I  expefted ;  confidering  the 
weight  of  the  atmofphere,  remains  the  fame,  when  the  mercury  is  at  its 
full  height,  in  a  feal  d  tube,  whether  great  or  fmall;  whilft  the  fpring  of 
our  included  air  muft  needs  be  *  weakened,  the  larger  the  tube,  and  the 
higher  the  mercury  is  impelled  in  it.  Whence,  'tis  con(iderable,  that  the 
fpring  of  fo  little  air  fliould  raife  the  mercury  within  an  inch  as  high  in  a 
wide,  as  in  a  (lender  tube ;  for  the  diameter  of  the  bore  of  the  former, 
was  double  to  that  of  the  latter  :  and  the  greater  mercurial  cylinder  may 
be  fuppofed  to  have  weighed  near  foiw  times  as  much  as  the  lefs ;  allow- 
ance being  made  for  an  inch  di&rence  in  their  heights.  But,  in  cafe  thefe 
had  been  equal,  then  the  folidity  of  the  cylinders  would  have  been  as  their 
bafes ;  that  is,  as  the  fquares  of  their  diameters,  or  as  i  to  4. 

We  thought  it  wonh  trying,  whether,  when  the  included  air  had 
raifed  this  jgreat  cylinder  of  mercury  to  the  utmofl  height  it  could,  by  the 
fpring  it  then  had,  heat  would  not  force  it  fkill  higher.  And,  havii^ 
caufed  a  hot  iron,  and  a  fliovel  of  kindled  coals,  tobe  neld  near  the  oppo- 
fite  parts  of  the  receiver;  we  perceived,  after  a  while,  that  the  mercury 
afcended  one  eighth  of  an  inch,  or  more,  above  the  greateft  height  it  had 
reached  before ;  and,  caufing  the  pump  to  be  ply'd  again,  to  witndraw  the 
air  I  fufpefted  to  have  ftole  in ;  the  mercuiy  was  quickly  raifed  five 
eighths  of  an  inch,  by  virtue  of  the  additional  force  which  the  included 
air  acquired  by  the  heat. 

4.  We  took  a  glafs-bottle,  fumifhed  with  a  convenient  quantity  of  wa--^  ^^'^^ 
ter,  and  fitted  it  with  a  (lender  glafs-pipe,  about  three  feet  long,  open  at  J«„^ V  um 
both  ends ;  which  was  fo  placed,  that  the  lower  orifice  reached  far  be-  ^ifHT'^  ^^ 
neath  the  furface  of  the  water,  and  the  pipe  itfelf  paifed,  perpendicularly,  '*'  ^' 
upwards,  thro*  the  neck  ;  which,  by  the  |Mpe,  and  hard  cement,  was  fo 
firmly  clofed,  that  no  water,  or  air,  could  get  out  of  the  bottle,  or  ex- 
ternal air  get  into  it»  but  by  paffing  thro*  the  pipe.    This  inftrument 

wc 
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■*r"we  conrey'd  into  a  large  receiver,  fhaped  like  a  pear ;  of  which  a  great 
^^^  part  of  the  obtufe  end,  and  a  fniall  portion  of  the  (harp  one.  were  cut  oS" 
by  feftions  parallel  to  the  horizon.  And,  becaufe  this  receiver  was  not 
long  enough  to  receive  the  whole  pipe,  there  was  cemented  on,  to  the  up- 
per pan  of  it,  a  fmaller,  of  fuch  a  length  and  bignefs,  that  the  higher  end 
of  the  pipe  might  reach  to  the  middle  of  its  cavity  ;  and  chat  the  motions 
of  the  fpringing  water  might  have  a  convenient  icope,  and  be  the  better 
obfen'fd. 

This  double  receiver,  being  cemented  on  to  the  engine,  a  little  of  the  air 
was,  by  one  ftroke  of  the  pump,  drawn  from  it;  by  which,  the  prefllire  of 
the  remaining  air  being  weaken *d,  that  included  in  the  bottle,  having  not 
its  fpring,  likewife,  weaken'd,  expanded  itfelf;  and,  confcquently,  im- 
pell'd  up  the  water,  in  the  fame  bottle,  thro'  the  pipe,  fo  as  to  make  it 
llrike  briskly,  at  firft,  againft  that  part  of  the  top  of  the  fmall  receiver, 
which  was  juft  over  the  orifice  of  the  tube.  But,  after  the  water  was, 
for  a  while,  thus  forced  up,  in  a  perpendicular  line,  it  would  be  impell'd 
up  lefs  ftrongly,  and  lefs  direftly,  uU  the  air,  in  the  bottle,  being  as  much 
expanded,  as  that  in  the  receiver,  it  quite  ceal'ed  to  afcend,  unlefs  by 
pumping  a  little  more  air  out  of  the  receiver,  we  renew 'd  it  again.  The 
other  figure  is  deligned  to  reprefent  the  -ditference  that  v;oidd  happen, 
if,  inftead  of  making  tiffs  experiment  with  water,  it  were  made  with 
quick-filver. 

In  making  this  experiment,  'tis  convenient  that  the  upper  part  of  the 
pipe  be  very  flender ;  whence  the  water,  having  but  a  very  fmall  orifice 
to  ifliie  out  at,  may  be  fpent  but  flowly,  and  thereby  make  the  experiment 
laft  fo  much  the  longer :  or,  inftead  of  making  the  upper  part  of  the  pipe 
(lender;  a  top,  confifting  of  three,  or  more,  very  llender  pipes,  with  a 
fmall  hole  at  the  end  of  each,  may  be  cemented  on  to  it;  that  one  of  thefe, 
pointir.g  directly  upwards,  and  the  others  to  the  right  hand,  and  to  the 
left,  the  water  may  fpin  out  feveral  ways  at  once ;  by  which  kind  of 
branched  pipes,  we  have,  Ibmetimes,  imitated  a  Jet  d'eait,  and  the  artificial 
fountains  oi  gardens,  and  grotto's. 

Hence  we  mfer,  that,  had  we  not  wanted  convenient  vefTels,  we  might, 
by  the  preffure  of  the  air,  included  in  the  bottle,  have  raifed  water  four- 
teen times  as  high  as  we  did  quick-filver  in  the  former  experiment ;  fince, 
upon  weakening  the  prelfure  of  the  air,  but  a  little,  in  the  double  receiver, 
tAat  within  the  bottle  was  able  to  impel  the  water,  forcibly,  and  for  a 
confiderable  time,  to  the  top  of  a  pipe  a  yard  long,  and  higher. 

Hence,  too,  it  appears,  that,  in  thoie  hydraulo-pneumatical  engines, 
where  water  is  placed  between  two  parcels  of  air,  the  water  may  be 
put  in  motion,  as  well  by  the  mere  dilatation  of  one  of  the  parcels, 
as  by  giving  a  new  force  by  heat,  or  compreffion,  to  the  other.  And, 
whether  this  mechanical  principle  of  motion  may  not  prove  ufeful  in  en- 
gines, we  leave  to  be  confider'a. 

But  if,  when  fome  of  the  air  had  been  pumped  out  of  the  receiver,  we 
lemoved  chat  double  veflel  &om  the  bottle^  tiie  external  air  would,  by  its 

weight. 
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weight,  fuddenly  deprefs  the  water  in  the  pipe,  till,  having  driven  it  to  f'JSi/iZI^ 

the  very  bottom,  it  afcended  in  numerous  bubbles  thro*  the  water,  and  ^^-^^^^^ 

joined  it  felf  wit;h  the  air  incumbent  on  that  liquor.    Twas  here  obfer- 

vable,  that  all  the  external  air,  which  got  into  the  bottle,  did  not  come 

in  fuddenly ;  but,  after  the  firft  irruption,  we  could  perceive,  from  time 

to  time,  new  portions  of  air,   leifurely  infinuate  themfelves   thro'  the 

pipe  into  the  bottle,  and  emerge  thro'  the  ftagnant  water  in  bubbles, 

that  fucceeded  one  another  verv  (lowly  ;  as  if  tne  Spring  of  the  included 

air,  having  been  once  deprivea  of  its  natural  coniiitution,  by  its  late 

expanfion,  could  be  but  gradually  reduced  to  it,  by  the  weight  of  the 

atmofphere,  which  was  ftill  the  fame  ;  or  rather,  as  if  between  the  fpring 

of  the  included,  and  the  prefTure  of  the  external  air,  balancing  each  other, 

there  happen'd  ibnne  fuch  thing  as  is  obfervable  in  fcales,  of  which  one 

is  too  much  deprefa'd  s  whilft  the  motion  becomes  flower,  as  the  weights 

are  nearer  to  an  equilibrium. 

But,  our  principal  dedgn,  in  this  eroeriment,  was  to  obferve,  whether 
the  lines  made  by  the  water,  in  its  emux,  would  retain  the  fame  figure, 
notwithftanding  the  rari£a^on  of  the  air,  in  the  upper  part  of  the  recei- 
ver \  and,  for  this  purpofe,  it  is  beft  to  make  the  obfervation  towards  the 
latter-end  of  the  experiment ;  becaufe,  then,  the  receiver  being  mofl  ex-* 
haufled,  the  difference,  made  by  the  change  of  the  denfity  of  the  me- 
dium in  which  the  ftreams  of  water  move,  is  likely  to  be  befl  difcern'd. 
And  this  convenience  we  had,  by  our  way  of  making  the  experiment,  that 
we  could  obferve  the  lines,  described  by  the  flowing  water,  as  the  projef^ion . 
thereof  grew  fainter.  But,  for  want  of  a  large  upper  receiver,  we  could 
not  be  fatisfied  in  the  nature  of  the  curve  ;  tho^  both  Dr.  JValUsy  and  my 
&lf,  found  it  to  be,  fometimes,  part  of  a  parabola. 

5.  We  provided  a  brafs  ring  ot  a  conflderable  thicknefs,  in  height  three  nKWWjf^iMii 
inches;  and  the  diameter  of  its  cavity,  as  well  at  the  upper  as  the  lower  J^'^jJI^^ 
orifice,  was  fomething  more  than  three  inches.     To  this  ring  we  fuccef- 

fively  £sd[tenM,  with  cement,  feveral  round  pieces  of  window-gkfs,  and 
thereby  made  the  ring  a  kind  of  receiver,  whofe  open  orifice  we  carefully 
cemented  on  to  the  engine;  and  found,  that  ufually,  at  the  firfk  exfuftion, 
the  glafs  plate  would  be  broken  inwards,  with  fuch  violence,  as  to  be 
Ihatter'd  into  a  ^eat  multitude  of  fmaU  fragments;  and  the  irruption 
of  the  external  air,  driving  in  the  glafs  confUntly,  made  a  lond  report,, 
like  that  of  apifloL 

6.  If,  inflead  of  the  brafs  ring,  abovennention'd,  both  orifices  whcreof^J^?^  ^ 
are  eaual  in  breadth,  you  emplov  a  taller  hollow  piece  of  brafs,  or  latton,TB|«  ▼•ciu. 
fhaped  like  a  truncate  cone ;  ana  the  two  orifices  be  made  very  unequal ; 

as  if  the  lar^r  be  as  wide  as  that  of  our  brafs  ring,  and  the  ftraiter  were 
lefs  than  an  inch  in  diameter ;  and  this  piece  of  metal  be  made  ufe  o^  as 
that  in  the  precedii^  experiment  the  flat  glafs  will  be  eafily  broken  when 
cemented  to  the  wider  orifice:  but,  if  the  narrower  orifice  bcinrn^d  up- 
ward,  the  glafs  thereon,  if  it  be  of  a  dueflxtaagtb,  ih^  x»  tiackerchan 
the  former^  notwithfianding^  the  air  is  wiibdrawfi  from,  bcncacb  k,  wilt 

remain 
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which  fuffictently  argues,  that   nature's  abhorrence  of  a 
'  vacuum,  is  not  the  caufc  why  glafles  are  ufuatly  broken  in  luch  experi- 
ments, fince,  whether  the  wider,  or  narrower  orifice  be  uppermoft,  andco- 
Iver'd,  the  capacity  of  the  exhauftetl  veffcl,  will  be  equal ;  and  therefore 
nature  ought  to  break  the  glafs,  in  one  cafe,  as  well  as  the  other. 
This    phenomenon,  therefore,    is  more    properly  explain'd,  by    faying, 
that  when  the  witter  orifice  lies  uppermoft,   the  glafs  that  covers  it,  muft 
fer\e  for  the  bafis  of  a  large  column  of  the  atmolphcre,  which,  by  its  great 
weight,  may  ealily  force  thro'  the  glafs  ;  whereas,  when  the  fmailer  orifice 
is  uppermoit,  there  refts  upon  its  cover,  fo  ilender  a  pillar  of  air,  as  can- 
not, by  its  weight,  furmount  the  natural  cohelion  of  the  parts  of  the  glafs. 
■mahiiUtn      ■;.  \Ve  feldom  fail'd  of  burfting  blovni  bladders  in  our  exhaufted  re- 
,./i>i  the  air  cciver,  by  tying  their  necks  very  cloiely,  and  kecpiBg  them,  for  a  pretty  while, 
Mdtd  IB       in  the  glafs,  whilft  the  air  was  cxhaufting ,  and  then  taking  them  out  again  ; 
that  the  fibres  being  ftretch'd,  and  relax'd,  and  the  capacity  dimioilh'd 
by  a  new  ligature,  tho'the  air  were  the  lame,a!id  the  membrane  being  not  Co 
able  to  yield,  as  before ;  upon  the  fecond  exhaiiftion  of  the  receiver,they  would 
break  far  more  eafily,  than  otherwife  ;  and  fometimes  be  oddly  lacerated. 
mjUtTMhit       8.  We  took  a  middle-fized  bladder,  and  having  prefs'd  out  the  air, 
if*' '^y  *' till  there  remain'd  but  about  a  fourth  or  fifth  part,  we  caus'd  the  neck 
iJittU^if,  to  be  very  ftrongly  ty'd  again  ;  and,  about  the  oppofitc  part  of  the  blad- 
A^f '"*    ^^^'  ^^^"^^  ^"  '"'^'^  '^^  ^^^  bottom,  we   fo    ftrongly  tied  another  firing, 
that  it  would  not  be  flip'd  o9',  by  a  confiderable  weight  hung  at  it.     Then 
fattening  the  neck  to  the  turn-key,    we  convey'd  the  bladder,  and  the 
weight  hanging  at  it,  into  a  large  receiver  i  when,  by  plying  the  pump, 
the  air,  within  the  bladder,  being  freed  from  the  prelTure  of  the  air  with- 
out it,  manifcftly  fwcli'd  by  its  own  fpring,  and  thereby  j^reatly  fhortned 
the  bladder  that  contain'dit,  and  lifted  up  the  weight,  which  exceeded  i; 
pounds. 

After  this,  we  took  a  targe  bladder,  and  having  let  out  fo  much  ^ir, 
that  it  was  left  lank,  we  faften'd  the  two  ends  of  it  to  the  upper  pan  of 
the  receiver,  and  hung  a  weight  from  the  middle  of  the  bladder  i  then 
cxhaufting  the  receiver,  as  before,  tho'  the  bladder,  and  this  new  weight, 
wWch  ftretch'd  it,  reach'd  fo  low,  that,  for  a  while,  we  could  fcarce  fee 
whether  it  hung  in  the  air  or  no ;  yet,  at  length,  we  perceiv'd  the  bladder 
to  fwell,  and  concluded  it  had  lifted  up  its  clog  about  an  inch;  as  was 
confirm 'd  by  the  return  of  the  air  into  the  receiver  j  upon  which,  the  blad- 
■*  der  became  more  wrinkled  than  before ;  and  the  weight,  amounting  to  a- 
bout  28  pounds,  defcended. 

Perhaps  this  experiment  may  conduce  to  explain  muftular  motion  *. 


*  Something  hu,  &om  ibis  hint,  been 
offisr'd,  wiib  a  very  fpecioui  and  pUufible 
Ditw  ofrdtloD,  10  Recount  for  mufcular 
notion ;  but  when  thoroughly  conlider'd, 
itfiulsin  folving  the  phenomenon.  And 
,tlie  Itft  beft  writer  on  thi*  fubjed,  the 


turned  Dr.  Pe^Aeriffn,  Hfter  {hewing  rhe 
infufficiency  of  al  I  other  method),  accounts 
for  it,  from  that  fubtile  medium  whereby 
the  great  Sir  7/'-N'«wtMi  folveivanout  Other 
phenomcoa  of  nature. 
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•   9.  A  Ikx^  glafs  bubble,  hoEmetically  feard,  being  put  into  thc!^recHver,?»«2jj^'< 
and  the  air  drawn  out  fomewhatmore  than  ufiial ;  tho'  I  had,  feveral  times,  01!^^^!^ 
obferved,  that  fuch  bubbles  would  not  break,  immediately,  upon  evacuating  brokt  by  the 
the  receiver ;  yet  this  continued  fo  long  entire,  after  we  had  left  off  pump- ^^J^  •{'*''' 
11^,  that  prefuming  it  had  been  blown  too  ibrong,.  I  began  to  defpair  of 
fuccefs  in  the  experiment ;  when,  about  four  minutes  after  the.  pump  had 
been  let  alone,  the  bubble  fufpriz'd-  us  witli  breaking  fo  violently,  by  the 
fpring  of  the  included  air,  that  the  fragments  of  it  were  daih'd  every  way 
againft  the  fides  of  the  receiver,  and  broke  to  powder. 

10.  We  took  the  brafs-ring,  lately  mentioned,  whereto  were  fitted  ibmt  the  extm^nMt 
plates  of  window-glals,  as  covert  j  and,  having  carefully  fiiften'd  one  of  ^^*J^^^:^ 
them,  with  cement,  to  the  upper  orifice  of:  the ixing;  and  cementing  the  «!>%«  ji/ii 
lower  orifice  to  the  engine,  10   that  the  veffei,  compofed  of  metal  and*^'"' 
glafs,  ferv'dfor  a  fmall  receiver,  we  whelm'd  another  over  it  that  was  large 
and  ftrong ;  which  was  alfo  faften'd  to  the  engine,  with  cement,  after  the 
ufuai  manner.    By  this  contjdvance,  when  the /pump  was  fet  on  work,  the 
fmall.  included  receiver  muft  have  its  air  withdrawn,  while  that^  in  the 
larger,  could  not  get  out,  but  by  breaking  through  the  glafs ;  fo    that 
the  internal  air  of  the  fmall  receiver,  being  evacuated,  the  glafs  plate,  that 
made  part  of  it,  muft  lie  expofed  to  the  preiTure  of  the  ambient  air,  Ihut 
up  ill  the  other  receiver,  without  kavrng  the  former  afliftance  of  the  air, 
now  withdrawn,  to  refift  the  preflure ;  wherefore.  At  the  firft  or  fecond 
exfuftionpf  the  air,  included  in  the  fmall  receiver,  theglais  plate  was, 
by  the  preffure  of  the  incumbent  air,  contained  in  the  larger  one,  broken 
into  a  hundred  pieces,  which  were  beaten  inwards  into  the  cavity  of  the 


nns. 


But  to  fliew  that  there  needed  not  the  fpring  of  fb  great  a  quantity  of 
included  air,  to'breiak  fucKj^laffes,  we  took  another  roundifh  one,  which, 
tho'  wide  enough  at.  thei  ori^e,  to  cover  the  brafs  rihg^  and  the  new  gla& 
plate,  that  -we  Imd  cemented  on  it,  was  yet  &  low,  that  it  held  but  a  fixth 

Eart  of  what  the  large,  receiver,  formerly  employed,  would  contain  ;  and 
aving  whelmM  this  i^el,  which  was  fhaped  like  a  tumbler,  over  the  lit- 
tle receiver,  and  weir  feften'd.  it  to  the  engine  with  cement,  we  found, 
tRat  tho*  the  exterriaf. receiver  had  a.  great  part  ix£  its:cavity  filled  by  that 
included ;  yet  when  this  internal  one.was'  evacuated,  by  an  exfu6tioa  or 
two,  the  ipring  of  the  little  air  that  remained,  broke  the  plate  into  a  mid- 
titude  of  n'agments..       .         -    .:     , 

And  became  the  glais  plates,  hitherto  mentioned,  feem'd  not  fo  thick, 
but  that  the  prdTureofthe  included  air  might  give  greater  inftances  of 
^ts  ft>rce ;  infiead  of  the  j(mall  mietaliine  receivers,  before  employ  Vi,  we  took 
a ftrbng,^ fquare  boteledf  jglafs,  able  tocoatain  a  pint,  inverted  it,  and 
applied  it  to  the  en^oe,  jbls  a  recei\'er  ;  over  which  we  whelm'd,  and  ce^ 
mented  the  lai^e  one,  formerl)r  mention  d ;  and  fetting  the  pump  on  woiic,  to 
jcmptvthe  fquarc  bottle,  the  figure  of  the.vedel  allowed  the  preiTure  of  the 
air,  included  in  the  external  receiver,  to  cruih  it  into  a .  gf eat  number  of 
:pieces;.*.        '..''.  '.•..•- 

.    Vk)  l.  II.  Q.q  q  We, 
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*^  We,  ttfo,  took  another  glafs,  of  rhe  fliape^nd  aboac  the  bigftefs  of  the  for=* 
■^  mer  ;  and  having  applied  it  to  the  engine,  as  befoi-e,  and  cover 'd  it  with 
a  rtcriver,  that  was  a  little  higher  than  itfelf ;  upon  exhaufting  the  air,- 
this  was,  likewife,  broken  into  many  fi-agmeats,  fome  of  them  very  thick  : 
tho',  probably,  the  cracks  that  reach  d  thereto,  were  begun  in  imich  weak- 
er parts  of  the  glafs. 

The  bottoms,  and  the  necks  of  bodi  thefe  fquare  bottles,  were  entire  j 
"by  which  it  fccm'd  probable,  that  the  veflels  had  been  broken,  by  tlic 
prtfffure  of  the  air  agaidft  the  fides,  whicii  were  not  only  thinner  than 
the  other  parts,  but  cxpos'd  a  larger  i'operficies  to  the  lateral  preiTure 
of  the  air,  than  to  the  perpendicular.  Wcobferv'd,  in  one  of  tk-ft  experi- 
ments, that  the  ^flcl  did  not  bi'eak  prefently,  upon  the  laft  exfuGion  of 
the  inchided  air,  bnt  a  conHderable  time  after. 

To  confirm  that  it  is  the  fpring  of  the  air,  in  the  external  receivers, 
that  breaks  the  glafles,  and  co  prevent  fome  fcruples,  we  apply'd  a  plate 
of  glafs,  like  thoie  formerly  mention *d,  to  the  bral's  ring ;  but,  in  the  ce- 
menting of  it  on,  wc  pUewl,  in  the  thicknefs  of  the  cement,  a  fraall  pipe 
of  glaf^  about  an  inch  long,  whofc  cavity  was  not  fo  big  as  that  of  a  ftra  w, 
and  which,  being  left  open  at  both  ends,  might  ferve  for  a  little  channel, 
for  the  air  to  pafs  thro  ,  from  the  external  receiver,  to  the  internal ;  over 
tbis  we  whelm 'd  a  fmall  receiver,  and  then,  tho'  we  work'd  the  pump 
much  longer  than  would  have  been  necel&ry,  if  the  little  pipe  had  not 
been  made  ufe  of,  we  found  the  internal  receiver  continue  entire ;  becaufe 
the  air,  whofe  fbring  (hould  have  broken  it,  having  liberty  to  pafs  thro'  the 
f«pe,  and,  coniequently,  to  expand  itfelf,  into  the  place  dcierted  by  the 
air  pump'd  out,  thereby  weaken'd  its  fpring  too  much  for  that  pur- 
pofe. 

Bat,  either  the  pipe  muft  be  made  btgacr,  than  that  lately  menticHi'd, 
or  the  exfoAion  of  the  air  muft  not  be  fudden,  by  the  pump ;  otberwife 
the  plate  of  gla&  may  be  broken,  Qotwitbftanding  nie  pipe  :  becaa&  the  air 
contain'd  in  the  external  recnver,  having  a  ioKX  mncn  greater  than  is  ne- 
ceOary  to  break  fuch  a  plate,  it  may  well  happen,  as  I  hare  ibmedmes 
ibund  ic,  that  if  the  air  be  haftily  drawn  one  of  the  ictemal  receiver, 
that  whidj  Aould  focceed  in  its  room,  cannoc  ^  fiaft  enough  out  of  tne 
external  receiver,  thro*  &  fmall  a  pipe ;  winlft  tbe  sir  remainingin  the  fiune, 
will  yec  retain  a  fpring  ftrong  enough  to  break  the  glafs.  Thus,  fome- 
times,  when  at  the  Bame  of  a  lamp,  glafs-bubbles  are  blown  with  {lender 
flans ;  if  they  be  fuddenly  remov'd  out  of  the  flame,  they  either  break,  if 
cool'd  too  hSt-y  or  are  comprefs'd  inwards,  if  they  long  retain  the  jbftnefs 
given  them  by  fuHon.  For  the  air  in  the  bubble,  b«ng  exceedii^ly  rari- 
ncd,  and  expanded,  whilft  tite  glafs  is  kept  in  the  flame,  and  coming  to 
cool  haftily,  when  removed  firom  thence,  lofes,  npon  refrigeration,  the 
fpring  which  the  heat  had  given  it ;  and  fo,  if  the  external  air  cannot  prefs 
in  &ft  enough,  thro'  the  too  flender  pipe,  a  fufficient  qiiantity  of  air  will  noc 
get  in  to  lellft  the  prelfure  of  the  atraofpherc ;  and  therefiare,  if  this 
creffure  £nd  the  bubbk  yet  £:^>  ic  will  preis  it  a  tittle  inwardi,  and 

eithtt 
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fSthcr  flatten  it,  or  make  a  dent,  though  the  orifice  of  the  pipe  be  left  f ''^SJiii'". 


open. 

II.   We  took  a  brafs    pipe^    bent  like  a  (iphon,  and  fitted  at  the  Mercury  rifti 
bigger  end  with  a  ftop-cock,  &c.  and  to  the  flendtr  end  of  this,  we  {a(\,^  P9  btgh^r  ij/ fit-^ 
cn'd,  with  cement,  the  upper  end  of  a  cylindrical  glats  pipe,  about  fifty  ^'^*,J*lJ««. 
inches  long,   open  at  both  ends,    and  having  the  lower  plung'd  into  a  i^^here  im^fU 
vc(fel  of  ftacnant  quick-^hfer,  whofe  iipper  fuperficics  reacnd  confidera-'^' 
bly  higher  than  the  immers'd  orifice  of  the  glafs  tube :  then,  caufing  the  j.. 
pump  to  be  worked,  the  air  was,  by  degrees,  drawn  out  of  the  fiphon,  '^ 
and,  confeqently,  out  of  the  glafs  tube  that  opcn'd  into  it ;  and  the  ftag- 
nant  mercury,  proportionably  impelled  up  into  the  glafs  tube,  till  it  had 
attained  to  its  due  height,  which  exceeded  not  thirty  inches.    And,  then, 
tho*  there  remained  in  3ie  upper  part  of  the  pip^  above  twenty  inches  un- 
HUM,  with  quick-filver,  we  could  not,    by  further  pumping,  raife  it 
hidier. 

wence  it  appears,  that  the  fancied  power  of  nature,  to  prevent  a  vacu- 
um, has  its  bounds ;  and  thofe  depending  upon  the  fpecific  gravi^  of 
the  liquor,  to  be  rais'd  by  fuftion.  For,  fubflituting,  inftead  of  the  fta|«- 
nant  mercury,  a  bafon  of^water ;  and,  inftead  of  the  many  ftrokes,  in  vam 
employed,  to  raife  the  quick-filver  above  the  height  juft  mentioned,  ma- 
king fcarce  one  exfu£lion,  which  only,  in  part,  emptied  the  fiphon  ; 
yet  the  water,  upon  opening  the  ftop-cock,  was  not  only  impellM  to  the 
very  top  of  the  glafs  tube,  but  continued  running,  for  a  confiderable  time^ 
thro'  the  fiphon,  and  thence  fell  upon  the  plate  otthe  enjgine  :  fo  that  it  ap« 
pear'd  fbrange  to  thofe,  who  knew  not  the  reafon  of^it,  that  the  water 
Ibould  run  very  briskly,  of  its  own  accord,  out  of  the  leg  of  a  fiphon  ; 
which,  perhaps,  was  not  atxn^e  a  quarter  fo  long  as  the  other.  I  muft 
not  here  omit,  that  tho',  fometimes,  in  the  Torricellian  experiment,  I  have 
obferv'd  the  mercury  to  fhind  at  thirty  inches,  and,  now  and  then,  above 
it ;  yet  the  height  oi  the  mercury  in  our  glafs  tube,  appetf 'd  not  to  reach 
full  twenty-nine  inches,  and  a  quaner.  But,  confultinp  Ae  barometer,  I 
found  the  quick-filver  at  twenty-nine  inches,  and  one  eighth ;  which,  pro- 
bably, would  have  been  the  very  height  of  that,  raised  by  the  engine,  had  it 
been  freed  from  bubbles. 

Hence  we  may  conclude,  that  fuAion  will  elevate  liauors  in  pump$,  no 
higher  than  the  weight  of  the  atmofphet^  is  able  to  raife  them;  fince  the 
dofcnefs  requifite  in  the  pump  of  our  engine,  makes  it  very  unlikely, 
that  a  more  accurate  fu£hon  can  be  e£fe6bed  by  an  ordinary  pump. 

Tho*  the  exhaufHng  fiphon,  ufed  in  this  experiment,  may  be  cafily  con- 
ceived by  an  attentive  infpe6tion  of  the  figure;  yet,  becauib  I  frequently 
employ  it  in  pneumatical  experiments,  'tis  proper  to  intimate,  once  for  all, 
that  though  the  bended  pipe  itfelf,  may  be,  on  fome  occafions,  more  con- 
veniently made  of  glafs,  for  the  fake  of  tranfparency ;  yet,  for  the  moft 
part,  we  chofe  to  employ  pipes  of  brafs,  becaufe  the  others  are  fo  very 
itibje£t  to  break ;  that  'tis  contmiient  to  make  the  longer  leg  of  the  fi- 
plion,  a  little  larger  at  the  bottom,  than  thejDeft  of  the  |»pe  lUually  needs 

Qqqa  x%  , 
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iJ''^'' to  be,  that  it  may  the  more  commodiouny  admk  the  ftianfc  of  a  fiop-cocfc, 
'        which  is  to  be  very  carefully  inferced,  with  cement ;  by  feaforably  turning-ami 

^^       returning  whereof,  the  paflfage  between  rlie  eiit;ine  and  the  veflel  to  be  ex- 
haufte9,  istobe  opeii'd  and  fhur  ;  and,  laftly.thattho' wc  fometiniesimmedi-i 

,  acely  apply  the  brais  fiphon  to  the  engine  by  cementing  the  external  fhankof 

the  flop-cock  to  the  orificeof  tlie  lirtle  pipe,  thro'  which,  the  exCuftiai  of  die 
airis  made;  yet  the  bended  pyie  alone,  jsfo  ape  to  bcloofen'd  by  tlie  motion  of 
the  engine  and  the  turningoi  tbeftop-cock,  that,  for  the  mod  part,  we  ui'ea 
fiphon  confining  of  a  brafs-pipe,  a  ftop-ccck,  and  a  glafs  eight  or  ten  inches 
high,  and  of  fomc  luch  fhapeasiscxprell'ed  in  thctigure  ;,for,  by  thismeans, 
tho'  the  exhauftioii  is  longer  in  making,  yet  it  is  more  fccurely  and  nnitjter- 
niptcdly  carried  on  ;  bec^ufe  of  the  ftahility,  which  tire  breadth  o£  the  lower 
orifice  of  the  glafs  gives  to  the  whole  inibiiment.  Eefides,  not  only  the  fi- 
phon is  thus  much  lengthened,  but  we  may  comniodioufly  place  a  gage  io 
the  glafs  part  of  this  compounded  iiphon,  to  fhew,  from  time  to  time,  hoxv" 
far  the  air  is  drawn  out  oi  the  vefl'cl  to  be  exhauAed. 

*a!et»i  -     u,  I  caus'd  to  be  made  and  inferred  to.  the  (horter  leg  of  the  abovcy 

JJ)5Ifl,v„_ment!on'd  fiphon  a  fhon  pipe,  wliich  bianch'd  irfelf  equally  to  the  right 
hand  and  to  the  left ;  fo  that  I  might  exhauft  two  glafs  tubes,  at  the  fame 
time,  and  prevent  any  fiifpicion,  that  the  engine  was  not  equally  applied  to 
both.  This  additional  brafs  pipe,  being  carefully  cemented  into  the  fiphon, 
to  each  of  its  two  branches  were  well  raflen'd,  with  the  fame  cement,  a  ' 
cylindrical  glafs  of  about  for^y  two  inches  in  length  ;  the  lower  orifice  of,  j 
one  of  thefe  elalTes  being  imnwrs'd  in  a  vellbl  of  ftagnant  mercury,  and 
that  of  the  other  in  a  veflel  of  water  ;  when  care  was  taken,  that  as  the 
tubes  were  chofen  near  of  a  fiie,  fo  the  furfaces  of  the  two  diSerent  li- 
quors flionld  be  near  of  a  height.  This  being  done,  we  began  to  pump 
warily  and  flowly,  till  the  water  in  one  of  tlie  pipes  was  elevated  about  forty- 
two  inches ;  and  then  mcafuring  the  height  of  the  quick-filver  in  the  other 
pipe  above  the  furface  of  the  ftagnant  mercury,  we  found  it  to  be  aimoft 
three  inchees,  fo  that  the  water  was  about  founcen  times  as  high  as  the 
quick-filver.  And,  to  profecute  the  experiment  further,  we  very 
warily  let  in  a  little  air  to  the  exhaufting  fiphon,  and  faw  the  two  fluids 
proportions bly  defccnd  ;  till  turning  the  ftop-cock,  when  the  water  was 
about  fourteen  inches  high,  we  thereby  kept  them  from  finking  any  lower, 
before  we  had  meafur'd  the  height  of  the  quick-filver,  which  we  found 
to  be  about  one  inch. 

But,  we  obferv'd,  that  the  quick-filver,  for  the  moft  pan,  fecmM  to  be 
X  very  little  higherj  than  the  proponion  of  one  to  fourteen  required ;  and 
accordingly,  I  had  long  before,  by  particular  trials,  found,  that,  the' 
fourteen  and  one  be  the  neareft  of  fmall  integer  numbers,  that  cxpreis  the 
proportion  between  the  fpecific  gravities  of  mercury  and  water  ;  yet  the 
former  is  not  quite  fo  heavy  as  this  proportion  fuppofes. 

This  experiment  evidently  fliews  that  the  fluids  rofe  by  the  weight  of 
ifae  air,  and  leaves  no  pretence  of  a  Fuga  vacui.  It  tna^  alfo  be  made 
ufeful  CO  eiUnuce  the  dl&reat  gravities  of  liquors:  ioi  whicTi   pur- 

pofe. 
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pofe,  I  caus'd  the  afore-mention'd  gkfs  pipes,  to  have  their  ends  pInngcJ,  ?2JKi^*^| 
the  one  in  frcfli  x^ater,  and  the  other  in  fome  impregnated  with  a  large  ^••^▼^^ 
proportion  of  lea-falt ;  and  found,  that  when  the  frefh  water  was  jrais^d 
to  about  forty-twx)  inches,    the  laline  folution  had  not  fully  reacad    to 
forty.  '  . 

But,  to  make  the  difparity  more  evident,  I  prepar  d  an  unufual  brine, 
by  fuflfering  fea-falt  to  dilTolve  in  the  moift  air  :  and,  having  apply 'd  thi^s 
liquor,  and  frefli  water  to  the  two  pipes,  and  proceeded  after  the  former 
manner ;  we  found,  that  w^hen  the  pure  water  was  elevated  to  near  for- 
ty-two inches,  the  liquor  of  fea-falt  wanted  about  fevcn  inches  and  one 
fourth  of  that  height ;  and  when  the  water  was  made  to  fubfide  to  the  mid- 
dle of  its  pipe,  the  faline  liquor  in  the  other  pipe  was  between  three  and 
four  inches  lower  than  that.  I  alio  took  fair  water,  and  a  liquor  made  of 
the  fait  of  pot-aflies  luffer'd  to  run  per  deliquium^  and  proceeding  as  before, 
found,  that  when  the  common  water  was  about  forty-two  inches  high, 
the  folution  wanted  of  thirty  inches ;  and  when  the  water  was  made  to 
fubfide  to  the  middle  of  its  tube,  the  other  liquor  was  between  fix  *  and 
feven  inches  lower- 

I J ;  We  took  a  ftrong  glafs  bottle,  that  would  contain  above  a  pint,  and  tu  Wj^^ 


that  the  Ihorter  of  the  pipes  had  its  lower  orifice  immers'd  beneath  the  fur*- 
face  of  the  quick*filver,  and  the  longer  reach'd  not  quite  fo  low  as  that 
furiFace,  and  fo  was  immers'd  but  in  the  water.  This  done,  we  conveyed 
the  bottle  into  a  proper  receiver,  and  having  begun  to  pump  out  the  air ; 
we  took  notice  to  wnat  hdghts  the  qiuck-filver  and  water  were  impelfd 
up  in  their  refpedlive  tubes,  on  which,  we  had  before  made  marks  ;  and 
found,  that  when  the  quick-filver  was  impelled  up^  to  two  inches,  the  water 
:was  rais'd  to  about  twenty-eight ;  and  when  the  quick*filver  ftood.  at  a- 
bout  one  inch,  the  water  ftood  at  about  fourteen. 

14.  We  conveyed  into  a  fitly  fliaped  receiver  two  glafs  pipes. very  une«>  ^i^i^i^ftei^ 

Sual  in  length ;  but  each  of  them  leal'd  at  one  end :  the  l&OTtcr  tube  was  ^JJijjJJ,^^ 
ird  with  mercury,  and  invened  into  a  fmaU  glafs  jar,  wherein  a  fuffid- ^'tib^rivilg^ 
ent  quantity  of  that  fluid  had  been  be£E>re  lodg'd,  the  longer  pipe  was  fiU'd 
with  common  water;  and  inverted  into  z  larger  glafs,  which  like  wife- con^ 
tain'd  a  fit  proportion  of  the  fame  liquor.  Then  the  receiver  being  clofely 
cemented  to  the  engine,  the  air  was  pump'd  out  for  a  pretty  while^  before 
the  mercury  began  to  fubiide  i  but  when  it  was  fo  far  withdrawn,  that  its 
preflure  could  no  longer  keep  up  a  mercurial  cylmder  of  that  height^  the 
quick-filver  began  to  unk  ;  the  water  inthe  other  tube,  the'  three  times  as 
long,  ftill  retaining  its  full  height.  But  when  the  quick-filver  was  iallen  to 
between  three  and  four  inches  above  the  furface  cf  that  in  the  vefTel,  the 
.water  alfo  began  to  fubfide ;  but  fooner  than  according  to  the  laws  of 
itatics  it  ought  tahave  done.:  becaule  many  aerial  pamcl^  emerging  from 
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KJ""  tlic  body  of  the  water  to  the  upper  pare  of  the  glafs,  by  their  fpring  con- 
•^^  cun'd  with  the  granty  of  the  water  to  dcprefs  tiiis  liquv-r.  And  fo  when 
the  quick-filvcr  was  three  inches  above  the  ftagnaiit  mercury,  the  water  in 
the  pipe  was  fallen  feveral  inches  beneath  forty-two  ;  and  fcveral  beneath 
twenty-eight,  wlieii  tlie  mercury  had  fubiided  an  inch  lower.  But  after 
the  puoip  had  been  ply'd,  to  free  the  water  from  the  latent  aerial  bubbles, 
wc  let  in  the  external  air  ;  and  having  thereby  impell'd  both  the  fluids  up 
«gaiu  into  their  pipes,  and  remov'd  the  receiver;  we  took  them  both  out» 
lofiee  them  from  die  air,  and  (ill'd  each  of  them  with  a  little  of  their  re- 
fpcftivc  ftagnant  liquors  ;  then  inverting  them  again  into  their  proper  veflels, 
we  repeated  the  experiment,  and  found  it  to  require  more  pumping  than 
before,  to  make  tijc  liquors  begin  to  fubfide :  lb  that  when  tbe  mcKury 
was  fallen  to  three  inches,  or  two,  or  one,  the  water  fubiided  fo  near  t» 
the  heights  of  forty-two,  twentj' -eight,  or  fourteen  inches,  that  we  fup- 

kpos'd  the  little  difterences  which  appcar'd  betweentheleveral  heights  of  the 
■«uick-filver,  and  fourteen  times  as  great  heights  of  the  water,  proceeded 
■fcjm  lome  aerial  corpufcles  yet  remaining  in  the  water,  and,  by  their  fpring, 
when  once  they  liad  emerg'u,  promoting  the  depreffion  of  it. 
ijj^  I  s .  ^Having  proaired  federal  tin  pipes  above  an  inch  io  boi-e,  very  carefully 
•MK  ht  folder'd  together,  to  make  one  whole  tube,  about  thirty-two  feet  long  ;  aoa 
^.*y^|*;cas'd  it  over  firft  with  cement  andthen  with  plaifter  of  Paris;  we  very 
r  carefully  cemented  a  fti-ong  pipe  of  glafs,  between  two  and  three  feet  in 

**•  length  to  the  upper  part  of  it ;  and  to  the  upper  end  of  this  pipe,  by  meani 
of  cement  and  a  Ihort  elbow  of  tin,  wc  very  clofely  £tftcn'd  another  pipe 
of  the  fame  metal,  confifting  of  two  pieces  making  a  right  angle;  wbexrof 
the  upper  pare  was  parallel  to  the  horizon,  and  me  other,  which  lay  pa- 
rallel to  the  glafs  pipe,  reach 'd  down  to  the  engine  that  was  placed  on  the  Bat 
roof  of  ahoufctlnrty  feet  high  from  the  groutul,  and  was  to  be  cemented  to 
-the  lower  end  of  this  defcendin;;  part  of  the  pipe,  whofe  horizmtal  i^ 
xefted  upon  a  piece  of  wood  nail'd  to  the  rails  on  the  top  of  the  building : 
the  tube,  alfo,  was  kept  froni  fltaking  by  a  board  faften'd  to  the  laine 
rails,  with  a  deep  notch  for  it  to  be  inferred  in. 

This  apoaratus  being  made,  and  the  whole  tube,  with  a  pole  Co  fuftain 
it,  ere£tea  along  the  wall,  faften'd  these,  and  the  defcending  pipe  carefuUf 
cemented  on  to  the  en^ne  \  there  was  placed  under  the  bottom  of  the  long 
tube  a  convenient  veflel,  whereinto  fo  much  water  was  pour'd,  as  reach'd 
far  above  the  oriiice  of  the  pipe ;  and  providing,  that  the  veffel  mi^ 
IHIl  be  kept  competently  full,  we,  at  length,  rais'd  the  water  to  the 
fliiddle  of  the  giais  pipe ;  but  not  without  numerous  bubbles,  made  by  the 
nir  conceal'd  in  the  pores  of  the  water,  which,  for  a  time,  knt  a  kind  of 
fcam  upon  the  furfiice  of  it.  And  finding  the  engine,  and  tube  as  fiaunch 
as  could  be  eipcAed  ;  I  thought  fit  to  try  what  was  the  utmofl  height,  to 
vhich,  water  could  be  elevated  by  fusion :  and  therefore,  tho'  the  puntp 
ieem'd  to  hare  been  fuficiently  ply  d  already ;  yec,  for  furdier  fktisfadion, 
when  the  water  was  wichia  a  few  inches  of  the  top  nf  the  gUfs,  I  caus*d 
twentjr-cxfu^ODS  more  to  be  iuddenly  made.    And,  having  taken  notice 

where 
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where  the  furface  refted^  we  xrteafured  the  height  of  the  cyfinder  of  water, 
find  found  it  thirty-three  feet,  and  about  fix  inches ;  the  barometer  then 
ftanding  at  twenty-nine  inches,  and  between  two  and  three  eighths  of  an 
inch.  Now,  fup{>onng  the  fpecific  gravity  of  water,  to  that  of  quick-filver,  as 
r  to  14 ;  the  height  of  the  water  ou£ht  to  have  been  thirty-tour  feet,  and 
about  two  inches ;  that  is,  about  eight  inches  more  than  we  found  it. .  But, 
then,  I  formerly  noted,  that  the  proportion  betwixt  mercury  and  water, 
is  not  altogether  fo  great ;  and,  therefore,  in  fo  tall  a  cylinder  as  ours  was, 
the  diflference  muft  be  cooHderable.  If,  therefore,  inftead  of  making  an 
inch  of  q'uick-filver,  equivalent  to  fourteen  inches  of  water,  we  abate  a 
quarter  of  an  inch ;  which  is  but  a  fifty-fixth  part  of  the  height  of  the  wa- 
ter ;  this  abatement,  being  repeated  twenty-nine  times  and  one  quarter^ . 
will  amount  to  feven  inches,  and  above  a  quarter ;  which,  added  to  the 
former  height  of  the  water,  thirty-three  feet,  fix  inches,  will  make  thirty- 
four  feet,  and  above  an  inch :  fo  that  the  difference  between  the  height  of  the 
mercunr,  fuftainM  by  the  weight  of  the  atmofphere  in  the  barometer,  and^ 
that  or  the  water,  raisM,  and  fuftainM,  by  the  prefTore  of  the  fame  in  the 
long  tube,  did  not  appear  to  difier  more  than  an  inch  or  two,  from  the 
prwortion  they  ought  to  have,  according  to  their  fpecific  gravity :  nor 
could  we,  by  obftinately  plying  the  pump,  raife  the  water  higher. 

This  experiment,  being  foon  repeated,  in  my  abfence,  by  Dr.  JVallis, 
Dr.  JVren,  and  Dr.  MtlHugUin ;  they,  prefently  after,  aflured  me,  that  the 
greatefi  height,  whereto  they  could  raife  the  water,  was  thirty-three  feet 
and  a  half:  and,  as  it  happened,  within  lefs  than  an  hour  before,  I  had  ob^ 
ferved  the  barometer  to  ftand  Tomewhat  below  twenty-nine  inches,  and 
three  eighths ;  when,  now,  confulting  the  feme  infhxun€^t  again,  the  mer- 
cury appearM  to  be  rifen  a  little  higher.  Hence  appears  the  impoflibility  o£^ 
making  water  pafs  over  the  higheft  mountains,  hy  the  help  of  inflected 
pipes,  and  fuftion.  For,  if  the  water  be  to  rife  above  thirty-five,  or 
thirty-fix  feet,  a  fucking^pump  will  not,  ordinarily,  here  in  Enghnd^  fufr 
fice  tor  that  purpofe. 

1 6.  To  tiy  whether  the  air  contributes  to  the  dafticity  of  bodies,  ^e^*  ei^icMr' 
took  a  piece  of  whale-bone,  of  a  convenient  length,  and,  havmg  faften'd  b^a^^;^. 
one  ena  of  it  into  a  thick  hea^  trencher,  to  be  placed  on  the  plate  of  the 
engine ;  to  the  other  end  we  tied  a  weight,  whereby  the  whale-bone  was 
m^erately  bent, which  reached  down  to  a  flat  body,  placed  under  it,  fo  that 
if  the  ipring  were  but  a  little  weakened,  the  weight  muft  either  reft  upon, 
or  touch  the  horizontal  jplane ;  or  if,  on  the  other  fide,  the  %ring  Ihould 
grow  fenfibly  ftronger,  it  might  be  eafily  perceived,  by  the  difrance  of  the  - 
weighs  which  was  fo  near  the  plane,  that^  a  little  tncreafe  of  it  muft  be 
Vifible.    Thefe  things  we  conveyM  into  the  receiver,  and  took  care  to 
ftake  the  engine  as  little  as  poffible,  that  the  weight  might  not  hit  againfl 
die  body  which  lav  under  it ;  or,  we  be  hinder^!  jbrom  difceming,  whether  ■- 
it  were  depreffed  by  the  bare  extraction  of  the  air.    And,  when  the  afr 
had  been  well  pumped  out,  I  watched  attentively,  whether  any  notable 
change^  in  the  dSftance  of  the  weight  from  the  pUnej  woatdhappen  upon 
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-;its  being  let  in  again  ;  for  the  weight  was  then  :it  reft  I  and  the  returning 
air,  flowing  in  much  faftcr  than  it  could  before  be  drawn  out,  this 
Icem'd  the  Hkelieft  time  to  difcover,  whether  the  abfence  of  the  air  had, 
fcnlibly,  alter'd  the  fpring  of  the  whale-bone.  But,  tho'  the  experiment 
iwcrc  made  more  than  once,  I  could  only  fatisfy  myfelf,  that  the  depref- 
fioii,  or  elevation,  of  the  weight,  owing  to  the  mere  change  of  the  fpring, 
was  not  very  confidcrable  i  fur  1  do  nof  think  myfelf  Iiire,  that  I  per- 
ceived any  at  all :  tho',  fonietimcs^  when  the  receiver  was  well  exhaulled, 
the  weight  icem'd  to  be  a  little  dcprefs'd  ;  yet  this,  I  thought,  might  well 
Jbp  ^fcribed  to  the  abfence  of  the  air,  not  confider'd  as  a  body  that 
had  any  tiling  to  do  dircflly  with  the  fpi'ing,  but  as  a  body  that  had 
foinc  gravity ;  whereby  it  made  the  medium,  wherein  the  experiment 
^-as  try'd,  contribute  to  fupport  the  weight  that  bent  the  Q>ring;  which 
■w'fight,  when  the  air  was  abient,  niuft  have  its  gravity  increafed,  by  as 
mii,ch  "weight,  as  a  quantity  of  the  exhaiiiled  air,  equal  to  it  in  bulk, 
amounts  to. 

["*' J'^'      17.  The  air,  being  invilible,  it  is  not  always  eafy  to  know,  whetlier  it 

fttthi ,,-   be  fufficiently  pumped  out  of  the  rcceiier,  to  be  exhanfted  ;  we,  therefoiT, 

jj^^'"'       thought  it  very  convenient  to  have  fomc  inftrument  within  the  receiver, 

that  might  ferve  for  a  gage,  or  ilandard,  whereby  to  judge  when  it  was 

fufiicicntiy  ex'acuatcd.     The  firft  attempt,  made  to  this  purpofe,  was  by 

^  means  of  a  bladder,  very  llrongly  tied  at  the  neck  ;  after  having  had  only 

fo  much  air  left  in  its  folds,  as  might  fuliy  diflend  it,  when  the  receiver 
was  veiy  well  cxhaufted.  And  this  way,  in  fome  cafes,  is  uftful ;  but, 
in  others,  a  bladder  takes  up  too  much  of  the  receiver,  and  hinders  the  6b- 
jcfts  from  being  obferv-'d  on  all  lides. 

Another  fort  of  gage  we  made  with  quick-filver,  pour'd  into  a  verj' 

fliort  pipe,  wliich'  was,  afterwards,  inverted  into  a  little  glafs  of  fl^OTant 

quick-filver,  as  in  the  7o!t;«//i,i«  experiment.     For  this  pipe,  being  but  a 

very  few  inches  long,  the  mercury  in  it  would  not  begin  to  defccnd,'  tiU  a 

very  great  proportion  of  air  was  pumped  out  of  the  receiver  ;  becaufe,  till 

.  .  __   .^      then,  the  ipring  of  the  rcniainin,:^  air  would  be  ftrong  enough  to  fuftaiu 

-•■  jn«t  •    fo  fhort  a  cylinder  of  mercury.    And  this  kind  ofga^^.is  no  bad  one.     But, 

•■.f».r.M-t    becaufe  it  cannot  eafily  be  fufpendcd,  and  the  rticrcury  in  it  is  apt  to 

fhake,  by  the  motion  of  the  engine,  another  was  fubftituted  in  its  place, 

conliliing  of  a  kind  of  fiphon,  to  the  (hoiter  leg  wlicreof  belong'd  a.  lai^e 

glafs-biu)ble. 

But  none  of  thefc  gages  having  the  conveniences,  that  fome  of  our  ex- 
periments require";'  tdevifed  another,  after  the  fiillowing  manner. 
%0'  Take  a  cylindrical  pipe  of  glafs,  fix,  eight,  ten,  or  moi-e  inches  in  length, 

and  not  fo  thick  as  a  goofe-quill  j  a^d,  by  the  flame  of  a  lamp,  'melt  it, 
but  not  too  near  the  middle,  and  make  it  into  a  Jiphoii ;  the  legs  whereof 
are  to  be  parallel,  and  as  near  to  each  other,  as  pofflble.  In  one  of  thefe 
,t'-  'legs,  ufually  the  longer,  IgjUT;  at  tho  top,  either  half  nn  inch,  or  a  whole 
}nch,  more -or  Icfsj  according  to  the  length  of  the  "^e,  <n:  the  delTgn  of  the 
-Experimenter,  of  air  in  Jcs  iiacural  ftatc ;  and  Ijli  the  reft  of  the  longer 
^       ■'       ;..    .....,;  ,..,.  i-i.,._^^,^,_^-'  --       ■■-  :   ..leg; 
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leg,  and  as  great  a  part  of  the  fliorter  as  (hall  be  thought  proper,  with^^^jMATici, 
quick-filver.    This  done,  there  may  be  marks  placed  on  the  outfide  of  * 
the  longer,  or  feal'd  leg,  whereby  to  meafure  the  expanfion  of  the  air 
included  therein. 

This  inftrument,  being  conveyed  into  a  receiver,  and  the  air  very  dili- 
gently pumped  out,  notice  mufk  be  taken,  to  what  part  of  the  gage  the 
mercury  is  deprelled,  that  we  may  know,  when  the  mercury  Ihall,  after- 
wardsi  be  driven  &  far,  that  the  receiver,  wherein  the  gage  is  placed,  is 
welL^escbaufied.  And  if  it  be  defired  to  know,  more  accurately,  what  fta- 
ttbn^  ci  the  mercury,  in  the  gage,  are  anfwerable  to  the  degrees  of  the 
ran£ft£tion  of  the  air  in  the  receiver ;  this  may  be  gainM,  by  letting  in 
water,  as  often  as  is  neceffary^  into  a  receiver,  whofe  entire  capacity  is 
firft  meafured ;  and  in  which  there  might  be  marks  made,  to  Ihew  when 
the  water  to  be  let  in,  Ihall  have  fiUM  a  fourth,  a  half,  &c.  of  the  cavity. 
For  if,  when  the  quick-filver  in  the  gage,  is  deprefled  to  a  certain  mark, 
you  let  in  wiicer,  which  appears  tp filla fourth  part  of  the  receiver  ;  you 
may  conclude^  that  about  one  fourth  of  the  air  was  pumped  out;  or  that 
a  fourth  of  the  fpring  of  the  whole  included  air  was  loft.  And  if  the  water 
either  falls  confiderably  (hort  of,  or  exceeds  the  quantity  expefted  ;  you 
may,  the  next  time,  let  in  the  water,  either  after  the  mercury  has  a  little 
pals'd  the  former  mark,  or  a  little  before  it  is  arrived  at  it.  And  when 
once  you  have,  this  way,  obtained  one  lone,  and  accurate  gage,  you  may  di- 
vide others  by  the  help  of  this,  placed  with  them  in  a  fmaU  receiver :  when, 
the  mercury  in  the  ibrmer,  being  deprefled  to  any  determinate  divifion, 
obtainM  by  obfervation ;  you  may,  thence,  conclude,  how  much  the  air, 
in  the  receiver,  is  rarifyd  ;  and,  confequently,  by  taking  notice  of  the 
place  where  the  mercury  refts  in  the  other  gages,  determine  what  degree  of 
exhauftion,  in  a  receiver,  is  denoted  by  that  ftation  of  the  mercury. 

That  leg  of  the  gage  which  includes  the  air,  may  be  feal'd  up,  either  be-^ 
fore  the  pipe  is  bent  into  a  fiphon ;  or,  which  is  much  better,  by  firft  draw- 
ing out  that  end  of  it  you  defign  fliall  be  feal'd,  to  a  fliort,  and  very  flender 
thread:  then,  having  made  the  tube  into  a  (iphon,  pour  into  the  leg, 
which  is  to  remain  open,  as  much  quick-filver  as  you  judge  convenient, 
which  will  rife  to  an  equal  height  in  the  other  leg ;  and,  by  gently  inclining 
the  fiphon,  you  may  pour  the  fuperfluous  mercury  out  of  it,  it  there  be 
any ;  and  when  there  is  an  inch,  or  the  proper  ipace,  unfilled  with  mer- 
cury, next  the  end  that  is  to  be  clofed ;  and  the  reft  of  that  leg,  and  as 
much  of  the  other  as  is  necefliary,  fill'd  with  quick-filver ;  you  may,  by 
keeping  the  fiphon  in  the  fame  pofture,  and  warily  applying  the  flender 
apex,  above-mentionM,  to  the  upper  part  of  the  flame  of  a  lamp,  blown 
horizontal,  conveniently  feal  it  up. 

But  there  are  fome  experiments,  wherein  it  is  not  neceflary  that  the  re- 
ceiver fliould  be  fully  exhaufted ;  but,  rather,  that  the  degrees  of  the  air's 
rari£aftion  fliould  be  well  meafured.  And,  in  many  cafes,  we  may  ule 
gs^s,  fliaped  like  thofe  hitherto  defcribed,  made  as  long  as  the  receiver 
will  admit,  and  £umifli*d,  inftead  of  quick-filver,  either  with  tinged  fpirit 
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"i-vi""!'  °^  '"''"* »  °^  ^^^^  ^^  tindture  of  red  rofe-leaves,  drawn  with  common 
•^'^^  water,  and  heii^hten'd  with  a  little  fpirit  of  vitriol.  For  the  lighrnefs  of  thefc 
P  liquors,  in  comparifon  of  quick-Iilver,  will  allow  the  expanlions  of  the  air, 

included  in  the  gage,  to  be  very   manifeft ;  tho*,  perhaps,  a  quarter  of 
the  air  be  not  pumped  out  of  the  receiver. 

We  may,  alio,  in  fuch  cafes,  and  where  the  receiver  is  fnfficlently  large, 
and  not  to  be  quite  exhaufted,  make  ufe  of  a  mercurial  gage,  difiering 
from  the  former  in  this,  that  the  (horter  leg  need  not  be  above  an  inch,  or 
half  an  inch  long,  before  it  widens  into  a  bubble,  about  half  an  inch,  or 
an  inch  in  diameter;  and  having,  at  the  upper  part,  a  very  (hort  and 
(lender  open  pipe,  whereat  the  air  may  {:et  in  and  out :  and  here  we  need 
not  include  i'o  much  air  as,  otherwile,  would  be  reqiiifite,  at  the  top  of  the 
longer  leg  ;  bccaufc  the  mercury,  in  the  fliorter,  cannot,  by  reafon  of  the 
breadth  of  the  bubble,  into  which  the  expanlion  of  the  air  drives  it,  be 
confiderably  raifed  j  whereby  the  degrees  of  the  included  air's  rarifadtion 
become  very  vifible. 

!■  "^""Z"      18.  I  caufed  a  hollow  ftrong  piece  of  brafs  to  be  made,  two  or  three 

=*ita  «VM^-  inches  high,  opening,  at  both  ends,  in  orifices  circular  and  parallel,  but 

if(giht«Mi.    not  equal;  which,  being  cemented,  as  a  fmall  receiver,  to  the  engine; 

whoever  doubted  the  preflure  of  the  air  to  be  coniiderable,  needed  only  lay 

the  palm  of  his  hand  upon  the  upper  orifice,  and  prefs  it  clofe  thereto  : 

►  for,  upon  withdrawing,  by  a  fingle  ftroke,  the  greateft  part  of  the  pref- 

fure  of  the  internal  air,  that,  before,  counter-balanced  the  external ;  the 
hand,  being  left  alone,  to  fupport  the  weight  of  the  atmofphere,  would  be 
prefs  d  inwards  very  forcibly ;  efpecially,  if,  by  a  fecond  ftrokeof  thepump, 
the  little  receiver  were  farther  exhaufted  :  and  this  preHlire  continues,   till 
the  air  be  re-admitted  into  the  receiver.     If  a  more  icnfible  conviftion  be 
defir'd,  tis  eafy  to  give  it,  by  turning  the  larger  orifice  uppermoft,  and 
proceeding,  as  before ;  but  this  ought  not  much  to  exceed  two  inches  and 
a  half  in  diameter,  left  the  great  weight  of  the  air  ihould  break,  or  con- 
fiderably hurt  the  hand  :  as  I  once  much  endanger'd  my  own,  thro'  miftake 
of  the  pumper,  who  fell  to  his  work,  while  I  held  it  upon  the  orifice  of  a. 
veflel  too  large  in  diameter. 
jCirrt^Mf-       19.  A  barometer  being  included  in  a  receiver,  made  of  a  long  bolt- 
itSuIn'^ii^**^^*'^'  ^'^'^  ^^^  lower  part  of  the  ball  cut  circularly  ofif;  upon  the  iirft  ex- 
•  imi  oiti  *fu£lion  of  the  air,  the  quick-filver,  that  before  ftood  at  twenty-nine  inches;, 
^E^rt^J^  would  fall,  and  reft,  at  nine  or  ten  inches ;  and,  in  about  three  ftrokes 
more,  it  would  be  brought  quite  down  to  the  level  of  the  ftagnant  quick- 
filver,  and  fomewhat  below :  but  the  air,  being  let  into  the  receiver,  the 
mercury  would  be  impell'd  up  flow,  or  £aft,  as  we  pleas'd,  to  the  former 
httght  of  twenty-nine  inches. 

H"  the  air'werc  fufier'd  to  go  haftily  out  of  the  receiver,  the  mercury 
would,  at  the  very  firft  ftroke,  defcend,  till  it  reach'd  within  an  inch  or 
two  of  that  in  the  veCfel ;  tho*  it  would,  prefently  after  a  few  rifmgs  and  fel- 
lings, fettle  at  the  height  of  nine,  or  ten  mches,  till  chenezt  fiioke  brought  it 
iown  lower. 

And 
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And  if,  when  the  mercury  was  re-impell*d  up  to  its  due  height,  Inftead  f'^^SJii*^^^ 
of  ratifying  the  air,  it  were  a  little  comprefs'd  ;  the  quick-filver  would  be  ^"^^tV/. 
eafily  made  to  rife  an  inch,  or  more,  above  the  former  ftandard  of  twenty- 
nine  inches. 

We,  alfo,  took  a  glafs-tube,  fealM  at  one  end,  much  Ihorter  than  the 
due  length,  and  having  fillM  it  with  mercury,  and  inverted  it  into  a  veffel 
of  ftagnant  mercury,  we  placed  all  in  the  former  receiver ;  where  the 
mercurial  cylinder,  for  want  of  the  requifite  height,  remained  totally  fuf- 
pended  ^  but,  upon  the  firft,  or  lecond  ftroke,  fubfided,  and,  after  two  or 
three  more,  fell  to  a  level  with  the  ftagnant  merairy,  or  a  little  below  it : 
and,  upon  the  letting  in  the  air,  it  would  be  again  impell'd  to  the  very 
top  of  the  tube,  bating  an  aerial  bubble,  which  feem'd  to  come  from  the 
mercury  itfelf ;  and  was  fo  little,  as  not  to  be  at  all  difcemible,  but  to  a 
very  attentive  eye. 

20.  Into  a  very  large  glafs-tube,  hermetically  feal*d  at  one  end,  fLndLUlmMmd 
about  two  feet  and  a  half  in  length,  we  pour'd  quick-filver,  to  the  height^ '^jj?^* 
of  three  or  four  fingers ;  then  we  took  two  cylindrical  pipes,  of  very  un-wiii^4ffl». 
equal  bores,  and  open  at  both  ends,  and  plung*d  the  lower  ends  oi  both^JJ^  ?j^ 
into  the  quick-filver  i  fattening  them  to  the  former  tube,  that  they  might  tmi^^fkji^ 
not  be  mov'd  out  of  their  pofture  j  in  which  the  convex  furface  of  the  mer-jjj^ij'*  ^ 
cury,  in  both,  feemM  almoft  to  lie  in  a  level;  the  tube,  alio,  being  placed, 
perpendicularly,  in  a  frame :  then,  by  the  help  of  a  funnel,  we  poiurd  wa- 
ter, by  degrees,  in  at  the  top  of  the  tube ;  and  obfervM,  that,  as  the 
water  gravitated,  more  and  more,  upon  the  ftagnant  mercury ;  fo  the  in- 
cluded mercury  rofe  equally,  in  both  the  pipes  j  till  the  tube,  being  almoft 
fiU'd  with  water,  the  mercury  appeared  to  be  impellM,  and  fuftain'd  in 
both,  at  the  height  of  about  two  inches  above  the  furface  of  the  ftagnant 
quick-filver.    And,  having  caus'd  about  half  the  water,  in  the  large  tub^ 
to  be  fuck'd  out  at  the  top ;  we  obfcrv'd  the  quick-filver,  in  both  the 
others,  to  fubfide  uniformly,  and  to  re-afcend  alike  upon  the  re-afiufion  of 
the  water. 

We,  alfo,  took  a  very  wide  tube  of  glafs,  a  foot  long,  and  pour'd  into 
it  a  convenient  quantity  of  quick-filver ;  then  we  took  two  pipes,  of  an 
equal  length,  but  unequal  bores,  as  bdfore ;  and  thefe,  being  fill'd  with 
quick-filver,  as  in  the  TcrriceUian  experiment,  were  let  down  into  the 
tube,  and  unftoppM,  under  the  furfsice  of  the  ftagnant  mercury :  when^ 
that  in  the  pipes,  falling  to  its  wonted  ftation,  and  refting  there,  we  poured 
into  the  tube  about  a  toot  height  of  water,  whereby  the  quick-filver  ap- 
peared equally  impell'd  above  its  ftation,  and  fuftain'd  there,  in  both  the 
pipes ;  and,  upon  withdrawing  fome  of  the  water,  it  began  to  fubfide 
alike,  as  to  fenfe,  in  both :  and  water,  being  a  fecond  time  pour'd  down 
into  the  tube,  the  mercury,  in  both  pipes,  rofe  uniformly,  as  before.  By 
which,  and  the  former  experiment,  it  appears,  that  a  gravitating  liquor^ 
as  air,  or  water,  may  impel,  or  fuftain  mercury,  at  the  fame  height,  in 
tubes  of  verv  different  capadties ;  and  that  liquors  balance  each  other,  aq* 
cording  totneir  altitude,  and  not  barely  according  to  thdr  weight.    For, 
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lEVMATict.'m  tile  laft  experiment,  the  additional  cylinder  of  one  inch  of  mercury, 
yy^^  was  manifeftly  rais'd,  and  kept  up  by  the  water  incumbent  on  the  fta^nanc 
mercury.  And  the  fame  parcel  of  water  counterpois'd,  in  the  differeac 
pipes,  two  mercurial  cylinders,  which,  though  of  the  fame  altitude,  were 
very  unequal  in  weight. 
itUiu  '*'  -Amalgamating   mercury  with  a  convenient  proportion  of  pure  tin, 

htrtlifMit  that  the  mixture  might  not  be  too  thick,  v;e  therewith  fiU'd  a  cylindrical 
^'''wi-  P'P^'  feal'd  at  one  end,  and  of  a  fit  length  ;  and  then  inverted  it  into  a  lit- 
^Mii^iib  tic  glafs,  furnifh'd  with  the  like  mixture.  The  event  was,  that  the  amal- 
'l^^Miri'  gam  did  not  fall  down  to  twenty-nine,  but  ftop'd  at  31  inches,  above  the 
furfaceofthe  ftagnant  parcel.  Hence,  it  appears,  that  the  height  of  the 
liquor,  fufpended  in  the  Torricellian  tube,   depends  £0  much  upon  its  equi- 

klibrlum,  with  the  external  air,  that  it  may  be  varied  as  well  by  a  change 
of  gravity  in  the  fufpending  liquor,  as  we  formerly  faw  it  might  by  an 
alteration  in  the  atmofphere. 
It  might  be  worth  while  to  try,  by  comparing  the  height  of  the  amal- 
gam to  what  it  ought  to  be  by  the  fpecific  gravities  of  the  mei-ouy,  and 
the  tin  mix'd  in  a  known  proportion,  whether  thefe  metals  penetrate  each 
otlier,  in  the  fame  manner  as  copper  and  tin  have  been  obferv'd  to  do  ; 
when  being  melted  down  together,  they  make  a  more  clofe  and  ponderous 
body  than  their  refpeftive  weights  feem'd  to  require. 
-  tuttria-  ^^"  ^®  took  a  hollow  cylinder  of  glafs,  feald  at  one  end,  and  four 
Cunmwi.  or  five  feet  in  length  ;  and,  by  the  flame  of  a  lamp,  bent  it  after  the  manner 
of  a  iiphon,  one  of  the  legs  whereof  is  three  or  four  times  longer  than  the 
Pt-  ■t*  other ;  whence  the  fhorter  leg  may  fen'e,  inftead  of  the  veflel,  ufually  ' 
employ *d  to  contain  the  ftagnant  mercury.  To  fill  this,  take  a  fmall  glai!s 
funnel,  with  a  long  and  {lender  ftiank,  lb  that  it  may  reach  three  or  four 
inches,  or  farther,  into  the  fliorter  leg  of  the  barometer  ;  and,  by  the; 
funnel,  pour  into  the  fhorter  leg,  as  much  mercury  as  may  reach  about 
two  or  three  inches,  in  both  legs  ;  then  flopping  the  orifice  with  your 
finger,  and  flowly  inclinmg  the  tube,  the  mercury,  in  the  longer  1^,  will 
fall  to  the  ieal'd  end,  and  the  air  that  was  there  before,  pafs  by,  and  give 
it  room.  The  mercury,  in  the  flioner  leg,  which  ought  to  beheldupper- 
moft,  will,  by  the  fame  inclination  of  the  tube,  fall  towards  the  orifice  ; 
bat  being,  by  the  finger,  kept  from  falling  out,  if  you  flowly  ereft  the 

§lais  again,  and  then  flop  it,  as  before,  the  mercury  will  pafs  out  of  the 
lorter  leg  into  the  longer,  and  join  with  that  which  was  there  before  : 
and  if  all  the  mercury  do  not  fo  pafs,  the  orifice  is  to  be  ftop'd  again 
with  the  finger,  and  the  tube  inclin'd  as  formerly.  This  done,  the  tube 
is  to  be  eredied,  and,  by  the  help  of  the  funnel,  more  mercury  is  to  be 
pour'd  in;  and  the  fame  procefs  of  flopping  the  orifice,  inclining  the  tube, 
&c.  is  to  be  repeated,  till  all  the  mercury,  pour'd  into  the  fliorter  leg,  be 
brought  to  join  with  that  in  the  longer ;  and  then  the  open  leg  is  to  be 
farnimd  with  frelh  mercury  j  obferving  that  the  nearer  the  longer  leg 
comes  to  being  fiU'd,  the  lefs  you  muft  raife  it,  from  time  to  time,  when 
you  pour  mercury  into  the  flioner  %  as  alfo,  that  when  the  longer  leg  is 

quite 
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quite  full  of  mercury,  you  need  not  pour  in  any  more.,  if  the  longer  muchP»«jj«^c«« 
exceed  a  yard  ;  becaufe,  upon  erefting  the  tube,  there  will  fubfide,  from  * 
the  taller  leg  into  the  other,  a  confiderable  quantity  of  mercury.  And  to  free 
it  from  bubbles,  you  muft,  once  more,  flop  the  orifice  with  the  finger,  and 
incline,  and  re-ereft  the  tube  feveral  times,  till  you  have  thereby  brought 
moft  of  the  finaller  bubbles  into  a  (ingle  large  one  i  then  making  this  pafs 
leifurely,  two  or  three  times,  from  one  end  of  the  tube,  to  the  other,  it  will 
unite  ail  the  fmall  bubbles  to  itfelf  :'and  this  may,  afterwards,  by  one  incU- 
nation  more  of  the  tube,  be  made  to  pafs  into  the  fiiorter  I^,  and  thence 
into  the  free  air. 

But  there  is  another  fort  of  funnels^  with  which,  if  skilfully  ufed,  the 
bended  tubes  of  our  portable  barometers,  may  be  very  expeditioufly  filled. 
For,  if  the  (lender  part  of  the  funnel  be  bent  in  an  obtufe  angle,  and  to 
long,  that  the  part  which  is  to  go  into  the  fiiorter  leg  of  the  (iphon,  may 
reach  to  its  flexure ;  you  may,  by  holding  the  tube  fo,  that  the  fealed  end  be 
fomewhat  lower  than  the  other,  and  by  pouring  in  mercury  at  this  obtufe  end 
of  the  angular  funnel,  ea(ily  make  it  run  over  the  flexure,  into  the  longer 
leg  of  the  (iphon ;  provided  you,  now  and  then,  as  occafion  requires,  ere£i^ 
and  (hake  the  tube,  to  help  the  mercury  to  get  by  the  air,  and  expel  it. 

We  accompli(hM  another  part  of  our  de(ign,  by  means  of  a  piece  of  wood, 
fomewhat  longer  than  the  tube,  and  con(iderably  broader  in  tne  lower  part, 
than  in  the  upper,  to  receive  the  (horter  leg  of  the  (iphon.  In  fuch  a  piece 
of  wood,  which  was  about  an  inch  thick,  we  caused  fuch  a  channel  to  be 
made,  that  our  (iphon  might  be  placed  in  it  fo  deep,  that  a  flat  piece  of 
wood  might  be  laid  on  it,  without  touching  the  glais ;  fo  that  this  piece  of 
wood  may  ferve  for  a  cover  to  defend  the  glafs,  to  be  put  on  when  the  in- 
ftrument  is  to  be  tranfported  j  and  taken  off  again^  when  *tis  to  be  hung 
up  for  obfervation  ;  the  cfaannelM  piece  of  woocf  ferving  both  for  part  of  a 
cafe,  and  for  an  entire  frame;  which  may,  for  fome  ules,  be  a  little  more 
commodious,  if  the  cover  be  join'd  to  the  reft  of  the  frame,  by  two  or  three  • 
little  hinges,  and  a  hafp,  whereby  the  cafe  may  be  readily  openMr  and 
(hut,  at  pleafure. 

The  third  thing  we  propofed,is  not  fo  eafy  asthe  fecond;  nor  have  we  yet 
had  opportunity  to  try  whether  the  way  we  made  ufe  of,  will  hold,  if  the 
barometer  be  tranfported  into  very  remote  parts ;  tho*,  by  fmaUer  re- 
moves, we  found  reafon  to  hope  'twill  fucceed  in  greater^ 

The  grand  difficulty  was,  to  prevent  the  fpilling  of  the  mercury ;  for, 
the  upper  part  of  the  tube  being  deftitute  of  air,  if  the  quick-filver,  by  the: 
motion  of  the  inftrument,  be  made  to  vibrate,  it  will  hit  fo  violently  a-- 
gainft  the  top  of  the  ^lafs,  as  to  break  it.    To  obviate  this  inconvenience, 
we  incline  the  tube,  till  the  mercury  be  impeUM  to  the  very  top  of  it ;  when 
yet  there  will  remain  a  competent  quantity  in  the  (horter  leg  of  the  glafs, 
if  that  be  not  too  (hort ;  then  the  remaining  part  of  the  (horter  leg,   is  ta 
be  fiU'd  up  either  with  water^  or  mercury,  and  the  orifice  of  it  very  care-- 
fblly  ftop'd  with  cement  :  by  this  means,  the  mercury  in  the  k>ngeT  leg,  ha- 
ving no  room  to  play,  cannot  ftrike  with,  violoice  againft  the  top  df  the  • 
glals.  Whca 
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ifMtvHATiQu  When  the  inftrument  is  to  be  tranfported,  the  height  of  the  mercurial 
\^y^/  cylinder  being  taken  for  that  place,  day,  and  hour,  and  compared  with 
that  of  another  good  barometer,  which  is  to  continue  in  the  fame  place ;  as 
much  of  the  channel,  as  is  unpoffefs'd  by  the  glafs,  may  be  ftu&d  with 
cotton,  or  the  like  ;  and  fome  of  the  fame  matter  may  be  put  between  the 
reft  of  the  frame,  and  the  cover,  which  ought  to  be  well  bound  together. 
And  when  the  inftrument  is  arrived  at  the  place  defign'd,  the  water,  that 
is  added,  maybe  taken  off  again,  by  pieces  of  ipunge,  linen,  &c.  but,  if 
inftead  of  water,  mercury  be  employed,  it  ought  to  be  taken  out,  rill  you 
have  juft  the  weight  that  was  put  in.  The  chief  ufe  of  this  barometer 
is,  by  keeping  a  diary  of  the  heights  of  the  mercury  herein,  and  compa- 
ring them  with  thofe  in  the  barometer,  that  was  not  remov'd,  to  diicover 
che  agreement,  or  difference  of  the  weight  of  the  atmofphere,  in  diftant 
places.  The  ftru£ture  of  this  inftrument,  alfo,  fits  it  to  be  fecurely  let 
down  into  wells,  or  mines;  to  be  drawn  up  to  the  top  of  towers,  and  o- 
ther  elevated  places ;  and,  perhaps,  by  a  convenient  addition,  fuch  baro- 
meters may  (hew  very  minute  alterations  of  the  atmolphere*s  preflTure. 

Whether  this  barometer,  fumifh'd,  at  its  upper  end,  with  a  oall  and  foe- 
ket,  and  at  the  lower,  with  a  great  weight,  may  be  ferviceable  at  fea,  not- 
withftanding  the  rolling  of  a  Diip,  I  have  not  tryM  ;  but  it  may,  at  leaft^ 
be  apply'd  in  flat  calms,  to  fhew  the  weight  of  the  atmofphere,  in  di&- 
rent  climates,  upon  the  fea ;  which  may,  perhaps,  prove  ufeful  to  naviga- 
tors, by  enabling  them  to  foretel  the  end  of  the  calm.    Befides,  havii^  one 
of  thefe  inftruments  ready,  whenever  they  come  on  fliore,  they  can  pre&ntly 
take  notice  of  the  gravity  of  the  atmofphere,  in  that  place  >  and  this,  per- 
haps,  compared  with  other  obfervations,  may,  in  time,  help  them  to  guefs 
where  they  are,  and  to  forefee  fome  approaching  changes  of  weather. 
Mre    ims       *3*  Twoperfous,  whom  I  employ 'd,  found  the  mercury,  in  a  portable 
uJimZrrvna  bannneteT,  fall  a  little,  as  they  afcended  a  hill ;  at  the  top  whereof  they 
a  l^5fci?2r^^^^  ^^  ^"^^  fettle,  and  carefully  noted  the  place  whereat  it  refted,  which 
i9ttm^nmt  was  oue  quancr  of  an  inch  beneath  its  former  flation ;  tho'  the  hill  was  not 
Of  !•/  f^sm.  jjjgjj^  j^jjj  ^j^g  ^jj.  ^j^j  ^jjjj  feem'd,  to  them,  much  colder  at  the  top,  than 

bdow.  And  as  they  defcended,  they  obferved  that  the  mercury  rofe 
gradually. 
tht  ta^i^  24.  Take  the  bent  tube,  mentioned  in  the  twenty-fecond  experiment,  a  d 
"^'UfJtmn  tht iJ^^^^i^g  ^^>  ^^^  ^^^  greateft  part  of  the  mercunr  pafs  from  the  Ihorter  leg 
lUirJt^h^ibi  into  the  longer,  the  upper-end  of  the  Ihorter  lee,  may,  by  the  flame  rf 
*fJJ?*^^  a  lamp,  be  drawn  out  £0  flender,  that  its  orifice  (hall  not  be  above  an 
hJ^mviry  eighth,  or  tenth  part  as  big  as  Was  before.  This  being  done,  and  the 
f^^f^  tube  erefted  ^ain,  if  the  tall  cylinder  of  mercury  be  of  the  ufual,  or  for- 
mer height,  as  we  found  it,  'twill  aopear  that  the  weight  of  the  external 
&dbMaMs»tair  may  prefs  as  much  upon  the  ftagnant  mercury,  thro'  a  little  hole, 
*^2l£  *w*^  when  all  the  upper  fuperficies  of  that  mercury,  was  dircftly  expofed 
OifiSiMiM    to  It. 

mhJSauM     ^'*  ^»  inftead  of  drawing  the  fhorter  leg  of  our  fiphon  direftly  upwards, 
~ '  "*  Qt  parallel  to  the  longer^  as  ia  the  foregoing  experiment  you  bend  off  the  flen- 

d(er 
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der  part,  fo  that,  were  it  continued,  it  would  make  a  right  angle  with  the^svicATict 
longer  leg  of  the  fiphon,  or  an  acute  one,  tending  downwards ;  and  when  )^Qf^^^ 
the  tube  is  erefted,  the  mercury  refts  at  its  ulual  ftation;  'twill  appear,  * ' 

that  the  preffure  of  the  atmofphere,  may  be  exercised  upon  it  as  well  ob- 
liquely, when  the  pipe  that  conveys  it,  is  either  horizontal,  or  opens  down* 
wards. 

And,  if  inftead  of  bending  this  flender  pipe,  you  feal  it  up  hermetically,  i^^*  s>* 
the  continuance  of  the  mercurial  cylinder,  at  the  fame  height,  wiU  fliew, 
that  the  fpring  of  a  very  little  air,  fliut  up  with  the  preffure  of  the  atmo- 
fphere upon  it,  is  able  to  fupport  as  tall  a  cylinder  of  mercury,  as  the 
weight  of  that  part  of  the  atmofphere,  which  can  come  to  exercife  its 
preflUre  againft  the  mercury. 

If,  when  the  (horter  leg  of  the  barometer  is  fealed,  you  move  the  in- 
ftrument  up  and  down,  the  mercury  will  vibrate,  by  reaion  of  the  yielding 
fpring  of  the  imprifond  air ;  but,  becaufe  of  the  refiftance  of  the  fpring,  the 
motion  will  be  diverfified  after  an  odd  manner ;  which  may  be  eaiily  per- 
ceiv'd  by  the  imprefGon  it  makes  upon  the  hand,  but  not  fo  eafily  de- 
fcribed.  And  as,  when  the  (horter  leg  is  drawn  out  flender  enough, 
after  the  infhrument  is  fumifli'd  with  quick-filver,  'tis  eafy  to  feal  it  up 
with  the  flame  of  a  candle,  without  the  help  of  any  inflrument  at  all ;  I 
might  here  obferve,  that  it  may,  on  fome  occafions,  be  convenient  to  feal 
up  the  barometer,  before  it  be  tranfported  ;  and,  in  fome  cafes,  to  in- 
cline the  tube  before-hand,  till  the  quick-filver  have  quite  filled  the  longer 
leg :  for  by  this  means,  the  vibrations  of  the  quick-filver  will  be  lefs ;  and 
'tis  eafy,  when  the  inflrument  is  brought  to  the  defign'd  place,  to  break 
off  the  flender  apex  of  the  fliorter  leg,  and  fb  expofe,  agam,  the  mercury 
to  the  preffure  of  the  atmofphere* 

Having  caus'd  a  portable  barometer  to  be  made,  with  the  fhorter  leg 
of  a  more  than  ordinary  length  ;  I  afterwards,  caufed  the  upper  part  of  this 
leg  to  be  drawn  out  very  flender ;  and  laftly,  the  fame  to  be,  about  the 
middle,  bent  downwards,  fp  that  the  fmall  orifice  of  the  flender  apex, 
pointed  towards  the  ground  ;  when  neither  I,  nor  fome  others,  took  notice 
that  the  mercury  flood  lower  than  in  ordinary  barometers :  whence  we 
concluded,  that  the  atmoft)here  could  prefs,  not  only  at  a  very  fmall  ori- 
fice, but,  when  the  air  muft,  at  this  little  orifice,  tend  upwards,  to  prefs  ^ 
upon  the  furface  of  the  lUgnant  mercury. 

26.  When  it  appeared,  by  a  good  barometer,  that  the  atmofphere  was  i«  Mft«  ^i  A«^  • 
confiderably  heavy,  I  caus'd  a  glafs  pipe,  hermetically  fealed  at  one  end,2J'^^2^' 
and  in  length  about  two  feet  and  a  half,  to  be  filled  with  quick-filver  ^ikmu 
except  a  very  little  part,  wherein  fome  drops  of  water  were  put,  that  we 
might  the  better  diicem  the  bubbles,  if  any  fliould  be  left,  after  the  in- 
verfion  of  the  tube  into  an  open  glafs,  containing  flagnant  mercury.    Hal- 
ving, by  this  means,  freed  the  tube  from  bubbles,  we  fo  order'd  the  mat-* 
ter,  that  the  quick-filver,   and  the  little  water  about  it,  exactly  fiU'd  the 
tube,  without  leaving  any  vifible  interval  at  the  top  s  and  yet  the  mercu- 
rial cylinder  wa$  but  very  little  higher  than  that  of  our  barometer  at 

that 
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"^ji^'-that  time.     Then  the  pipe  was  left  ercfted  in  a  quiet  place,  where  the 
'^^  liquors  rctain'd  their  former  height  for  feveral  days.      A  fchool-philofo- 

^phe^  would  confidently  have  attributed  this  fuftentation  of  ib  heavy  a  bo- 
dy, to  nature's  dread  of  a  vacuum  ;  but  either  (he  is  nor  always  equally 
fubjeil  to  that  fear,  or  ibme  other  caufe  of  the  phenomenon  muft  be  al- 
fign'd  :  for,  when,  long  after,  I  had  obferv'd,  by  the  barometer,  that  the 
atmofphcre  was  grown  much  lighter  than  before,  I  found  the  quick-lUver, 
in  the  ihort  tube,  confiderably  liiblidcd;  leaving  a  cavity  at  the  top,  which 
afterwards  grew  lefs,  as  the  atmofphcre  became  heavier. 
^  ,  17.  Some  fpirit  of  wine,  ting'd  with  cochineal,  being  put  into  the  re- 
in W7  ceiver,  and  the  air  withdrawn,  it  bubbled  exceedingly  for  a  confiderable 
(■te  time.  Then,  little  hollow  pipes,  of  different  fizes,  were  put  into  it,  when  the 
red  liquor  afccnded  higher  in  the  more  llender,  than  in  the  others  ;  but 
\  upon  extrafting  the  air,  there  fcarce  appcar'd  any  fenfible  difterence  in 

\  the  heights  of  the  liquor,  nor  upon  theietting  it  in  again. 

I  Afterwards,  two  luch  tubes,  of  difterent  fizes,  being  faften'd  together 

r  with  cement,  were  letdown  into  the  fame  fpirit  of  wine,  when  the  recei- 

J  ver  was  well  exhaufted  :   notwithftauding  which,  the  liquor  afcended  in 

them,  for  ought  we  could  plainly  fee,  after  the  ordinary  manner;  only 
■when  the  air  was  let  in  again,  there  feem'd  to  be  fome  litde  rifmg,  at 
leaft  in  one  of  the  tubes. 

In  this  experiment,  tho'  there  appear'd  no  bubbles  at  all  in  the  fpirit  of 

wine  in  the  veflel,  yet,  for  a  confiderable  time,  there  arofe  bubbles  in 

that  part  of  the  liquor  which  was  got  into  the  (lender  pipes. 

!„,(„,         28.  I  took  a  ftrait  pipe  of  glafs,  open  at  both  ends,  and  of  a  modc- 

f'^'l"  rate  bore  ;  and  having  tied  a  linen  rag  to  one  end  of  it,    that  the  water 

H-jjfl  might  have  free  paffage  in,  and  the  powder  not  be  able  to  fall  out,  wc 

carefully  fill'd  the  cavity  with  minium  ;  and  then  having  crefted  the  Cube, 

fo  that  the  bottom  of  it  refted  upon  that  of  a  IhaKow,  open-mouth'd  glals, 

containing  water  enough  to  rife  an  inch  or  two  above  the  bottom  of  the 

tube,  it  inlinuated  itlelC  by  degrees,  into  the  cavity  thereof,  as  appear'd 

by  a  little  change  of  colour  in  that  part  of  the  minium  which  it  reach'd  j  till 

the  open  glafs  being,  from  time  to  time,  fupplied  with  freJh  liquor,  it  at- 

tain'dto.the  height  of  about  thirty  inches. 

Taking,  afterwards,  another  tube,  and  fome  minium,  carefully  prepa- 
red, I  profecuted  the  experiment,  fo  as  to  make  the  water  rife  in  the  pipe 
about  forty  inches  above  the  furfacc  of  the  llagnant  water. 

Making  the  experiment  with  beaten  glafs,  pieces  of  fpunge,  putty,  &c. 
I  did  not  find  any  of  them  fucceed  fo  well  as  the  minium.  Ting'd  liquors, 
as  ink,  tinfture  of  faffron,  dTt.  feem'd  not  to  rife  near  fo  high  as  water  ; 
as  if  the  diflblved  ingredients  gradually  choaked  the  pores  of  the  mi- 
nium. 

To  have  the  grains  of  our  powder  more  minute,  and  the  intervals  be- 
tween them  fmaller,  I  chofe  the  beft  fort  of  minium,  fifted  it  very  fine, 
and  fo  put  it,  by  little  and  little,  into  the  tube;  that  by  ramming  it,  from 
Ume  CO  time,  ic  might  be  made  co  lie  the  clofer  i  and  this  method  Suc- 
ceeded 
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ceeded  well.  'It  feem'd,  by  a  trial  or  two,  that  if  the  tube  were  very  ^*'^*«^'»'»c«« 
flender,  the  experiment  would  not  fucceed.  V./VNii/ 

It  may  be  worth  while  to  obfene,  in  what  times  the  water  afcends 
to  certain  heights ;  for,  at  the  beginning,  ^twill  afcend  much  fafter  than 
afterwards,  and  fometimes  continue  rimig  for  thirty  hours,  or  longer. 

One  end,  propofed  in  this  experiment,  is,  to  difcover  a  miftake  in  the  mo- 
dern explication  of  filtration ;  which  fuppofes,  that  the  parts  of  the  filtre, 
which  touch  the  water,  being  fwell'd,  by  the  ingrefs  of  it  into  their  pores, 
are  thereby  made  to  lift  up  the  water,  till  it  touch  the  higher  parts  of 
the  filtre ;  by  which  means,  thefe  being  alfo  wetted  and  fwell'd,  raife  the 
water  to  the  other  neighbouring  parts  of  the  filtre,  till  it  have  reached  to 
the  top  of  it,  whence  its  own  gravity  makes  it  defcend  :  but,  in  our  cafe, 
we  have  a  filtre  made  of  folid,  metalline  corpufcles  ,•  where  'twill  be  very 
hard  to  Ihew,  that  any  fuch  intumefcence  is  produced,  as  this  explanation 
requires. 

Water  afcends  fo  few  inches,  even  in  very  flender  pipes,  that  the  rife 
of  the  fap  in  trees,  feems  hardly  accountable  for,  from  the  £ame  caufe. 
Ill  the  laft  trial,  above-mention  d,  I  made  water  to  afcend  above  three 
feet  and  a  half:  and,  if  by  fo  flight  an  expedient,  water  may  be  raised  as 
high  as  is  neceiTary  for  the  nutrition  of  fome  thoufands  of  plants ;  for  fuch 
a  number  there  is,  that  exceed  not  three  feet  and  a  half,  in  height ;  I  ask 
why  nature  may  not  have  ufed  other  contrivances,  to  make  liquors  afcend 
to  the  tops  of  the  talleft  trees ;  efpecially,  fince  befides  heat,  and  fomething 
equivalent  to  valves,  &c.  many  other  things,  perhaps  not  yet  dreamt  of, 
may  probably  concur  to  the  effeft  ? 

As  formerly,  by  bending  thefe  flender  pipes,  we  made  fliort  fiphons, 
thro*  which  the  water  would  run,  without  being  at  firft  aflifted  by  fuftion  ,• 
fo  I  tiy'd  whether  I  could,  in  larger  pipes,  make  much  longer  finhons, 
by  the  nclp  of  minium.  But  tho',  when  the  orifices  pointed  upwaras,  fine 
minium  were  ramm'd  into  both  the  legs,  and  both  the  orifices  clofed,  yet, 
when  they  came  to  be  again  turn'd  downwards,  the  weight  of  the  minium 
would  make  fome  fuch  difcontinuation,  as  to  hinder  the  farther  progrefe 
of  the  water.  This  impediment,  however,  I  judg*d  fuperable,  but  had  no 
opportunity  to  profecute  the  experiment. 

29.  Having  in  (hallow,  wide-mouth'd  glafles,  cxpofed  a  ftrong  folution  ^j^'^/XlL 
of  common  fea-falt,  or  of  vitriol,  to  the  air,  which  reached  not,  by  fome  kng  tbejUts 
inches,  to  the  tops  of  the  vefTels  ;  and,  having  fufter  d  much  of  the  aqueous  *^x^*ir"» 
part  to  exhale  very  flowly  ,•  the  coagulated  fait,  at  length,  appeared  to  have 
lined  the  infide  of  the  glafles,  and  to  have  afcended  much  higher  than  where 
the  furface  of  the  remaining  water  then  refted  ,•  or  the  part  whereto  the 
liquor  reached,  when  'twas  firft  pour'd  in.    And  if  the  experiment  were 
continued  long  enough,  I  fometimes  obferv'd  this  afcent  of  the  fait,  to  be 
of  fom«  inches  ;  and  that  the  fait  did  not  only  line  the  infide  of  the  glafs, 
but  getting  over  the  brim  of  it,  covered  the  outfide,  alfo,  with  a  laline 
cruft-,  fo  that,  confidering  what  a  little  liquor  remam'd  in  the  glafs,  'twas  (iir- 
prizing  how  it  could  pcMOCbly  get  thither.    Other  Mts,  alio,  befides  thefe 
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"i^*"' mention 'd,  will  exhibit  the  fame  phenomentn.  The  caufe  of  this  odd 
'^^  efl'eft  may  be  referr'd  to  that  of  the  afcent  of  liquors  in  pipes. 

I  obfeiv'd  in  water,  and  aqueous  liquors,  that  part  of  the  furface 
next  the  fides  of  the  glafs,  to  belenlibly  more  elevated,  than  the  reft  of 
the  fupcrficies  :  and  ifvery  minute  dippings  of  ftraw,  or  otherfmall  and 
light  bodies,  floating  upon  the  water,  approach  near  enough  to  the  fides  of 
the  glafs,  they  will  be  apt  to  run  up,  as  'twere,  this  afcent  of  water,  and 
reftagainft  the  Ikies  of  the  glafs. 

We  may,  aUb,  obferve,  that  fea-falt  ufually  coagulates  at  the  top  of 
the  water,  in  fniall  and  oblong  corpufcles;  iothar,  as  tothefe, 'tis  eafy 
to  conceive,  how  numbers  of  them  may  faften  themfelves  a-rouud  the  infide 
of  the  glafs.  And  befidcsfea-falt,  I  have  found  feveral  others,  which,  if 
their  iolutions  be  flowly  evaporated,  will,  whilft  yet  there  remains  a  large 
proportion  of  liquor,  afford  faline  concretions  at  the  top  of  the  water. 
And  the  fattening  of  faline  panicles  to  the  fides  of  the  glafs,  may,  perhaps, 
be  promoted  by  a  coldnefs,  communicated  by  corpufcles  contiguous  to  the 
glals;  becaufe  the  glafs  maybe  iuppofed  more  cold,  upon  account  of 
its  denfity,  than  water:  but  by  the  evaporation  of  the  aqueous  parts  of 
the  folution,  thefurfaceof  the  remaining  liquor  muft  ncceiVarily  fubfide; 
and  thofb  faline  particles  that  were  contiguous  to  the  infide  of  the  glafs,  and 
the  more  elevated  part  of  the  water,  having  no  longer  liquor  enough  to 
keep  them  dilfclv'd,  will  be  apt  to  adiiere  to  the  fides  of  the  glafs ;  and  up- 
on the  leaft  farther  evaporation  of  the  water,  become  a  little  higher  than 
the  greater  part  of  the  fuperhcicsof  that  liquor:  whence,  by  reafon  of  the 
little  inequalities,  that  will  be  on  the  internal  furface  of  the  adhering 
c»rpufctes  of  the  fait  ;  and  perhaps,  alfo,  on  the  internal  fuperficies  of  the 
glafs;  there  will  be  inteicepted  between  the  fait  and  the  glafs,  little  ca- 
vities, into  which  the  water,  contiguous  to  the  bottom,  willafcend,  or  be 
hnpell'd  by  the  fame  power  that  raifes  it  in  flender  pipes.  And  when 
the  liquor  is  thus  got  to  the  top  of  the  fait,  and  lies  expofed  to  the  air  ; 
the  faline  part  may,  by  the  evaporation  of  the  aqueous,  be  brought  to  co- 
agulate there  ;  and  confequently,  to  increafe  the  height  of  the  faline  film, 
which,  by  the  like  means,  may,  at  length,  reach  to  the  very  top  of  the 
glafs  ;  and  thence  it  may  eafily  be  brought  over  to  the  outfide  of  the  vef^ 
fel,  where  the  natural  weight  of  the  folution  will  facilitate  its  progrefs 
downwards  :  whence  the  pellicle  of  fait,  together  with  the  contiguous  furface 
of  the  glafs,  may,  at  length,  conftitute  a  kind  of  fiphon. 

Thus  I  have  ufually  obferved  the  faline  film  to  be  very  eafily  Separable 
from  the  glafs  in  large  flakes  ;  which  argues,  that  they  did  not  flick  clofe 
to  one  another,  except  in  a  few  places;  but  had  a  thin  cavity  interpofed  be- 
tween them,  thro'  which  the  water  might  afcend. 

Not  is  it  repugnant  to  this  explanation,  that  in  cafe  the  water  afcended, 
it  Ihould  diflblve  the  fait  ;  [for  the  liquor  being  already  upon  the  point 
of  concretion,  it  is  fo  faturated  with  fait,  that  it  can  diflolvc  no  more. 
■Whence  we  may  alf©fee,  why,  when  the  faline  film  reaches  to  the  outfide 
«f  the  gla^,  the  liquor  does  not  run  down  to  the  bottom,  but  coagulates 

by 
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by  the  way.  And  I  have  fufpefted,  that  when  the  concretion  is  once  be-^*«5^«J*|*** 
gan,  the  film  may  be  raifed,  and  propagated,  not  only  by  the  motion  of  ^^^^^^^ 
the  liquor  between  the  infide  of  that  and  the  glafs  ,'  but  by  the  lame  liquor 
infinuating  itfelf  on  the  outfide  of  the  film,  into  the  fmall  interftices  of  the 
faline  corpufcles  ,•  as  ink  rifes  into  the  flit,  and  along  the  fides  of  the  nib  of 
a  pen,  though  nothing  but  the  very  point  touch  the  furface  of  the  liquor. 
And,  by  this  means,  the  impregnated  folution  may,  as  it  were,  climb  up  to 
the  top  of  the  faline  concretion,  and,  by  coagulating  there,  add  to  its  height. 

30.  Having  caus'd  a  cylindrical  piece  of  brafs  to  be  very  carefully  turn^dy^^^^^ 
of  an  inch  in  diameter,  three  inches  in  length,  and  open  at  both  ends  ,•  toS'^^r*  rftht 
one  of  thefe  ends  we  exaftly  fitted  a  flat  bottom  of  the  fame  metal,  andjJ^JJI^Jj^^. 
faften'd  it  very  dofe  with  little  fcrews  on  the  outfide. 

This  infl:rument,  being  balanced  in  an  exaft  pair  of  fcales,  was  care- 
fully fill'd  with  pure  mercury,  which  we  found  to  weigh  one  hundred 
thTrty-feven  drams,  and  forty-five  grains  ;  and  multiplying  that  by  ten,  there 
will  arife,  for  the  weight  oi  a  mercurial  cylinder  of  one  inch  in  diameter, 
and  thirty  inches  in  height,  about  fourteen  pound,  two  ounces,  and  three 
drams,  troy. 

The  weight  of  a  mercurial  cylinder  in  an  equilibrium  with  the  atmo- 
fphere,  and  of  an  inch  in  diameter,  being  thus  fettled,  we  may  eafily  compute 
the  weight  of  a  cylinder  of  quick-filver  of  another  diameter,  and  confer 

auently  the  force  of  the  preflure  of  an  atmofpherical  column  of  the  ^me 
iameter.  For,  fince .  cylinders  of  equal  heights  are  to  one  another,  as 
their  bafes ;  and  the  bafes  of  cylinders  to  each  other  as  the  fquarcs 
of  their  diameters ;  and  laflly,  fince  we  here  fuppofe  mercury  a  homoge- 
neous body;  the  mercurial  cylinders  will  be  to  each  other  in  weight,  as  they 
are  in  bulk :  if  then,  for  inftance,  we  would  know  the  weight  of  a  cylin- 
der thirty  inches  high,  whofe  diameter  is  two  inches,  the  rule  is  this :  as 
the  fquare  of  the  diameter  of  the  flandard  cylinder,  whofe  weight  is 
known,  to  the  fquare  of  the  diameter  of  the  cylinder  proposed ;  fo  is  the 
bulk  of  the  former  to  the  bulk  of  the  latter,  and  the  weight  of  that  to  the 
weight  of  this.  Thus  the  fauare  of  one  inch,  the  diameter  of  the  ftandard 
cylinder,  being  one,  and  the  fquare  of  two,  the  diameter  of  the  cylinder  gi- 
ven, being  four;  the  bulk  or  {olid  content  of  this  latter  cylinder,  and  confe- 
(juently  its  weight,  will  be  four  times  as  great  as  thofe  of  the  ftandard  cy- 
Imder. 

3 1 .  We  took  a  fmall  vigorous  load-flone,  cap'd  and  fitted  with  a  loofc  %  MttrMB'm 
plate  of  fleel,  fo  fhaped,  that  when  fuftain'd  by  the  ftone,  we  could  hang,i^3!^c    * 
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at  a  little  crook  that  came  out  of  the  midft  of  it,  and  pointed  downwards,  *'*«n/*»^'^«»^ 
afcale;  into  which,  we  put  weights ;  and  then,  byfliaking  the  load-flone,*^* 
as  much  as  we  guefs'd  it  would  be  by  the  motion  of  the  engine,  we  found 
the  greatefl  weight,  that  we  prefum  d  it  would  fupport,  notwithflanding 
the  agitation  whereto  'twould  be  exposed,  was,  befidesthe  iron  plate  and  the 
fcale,  fix  ounces  troy :  and,  if  we  added  half  an  ounce  more,  the  whole  weight 
appear *d  too  eafy  to  be  fhaken  off.  This  done,  we  hung  the  load-fl:6he 
with  all  the  weight  it  fuftain'd,  at  a  button  of  glafs  faften'd  to  the  top  of 
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"j>^^>^'-z\-ie   Inixie  of  the  receuer,  when  'twas  fiift  blown;  and,  tho   i\y  about 

"^ '^^  twche  exliiftions  we  iifually  emptied  luch  receivers,  as  much  as  was  re- 

qtiidte  for  moft   experiments  ;  yet,  this  time,  we  made  above  twice  that 

(number  :  when,  violently  fhaking  the  engine,  without  thereby  Ihaking  off 
the  weight  that  hung  at  the  load-ftone,  the  iron  fccm'd  to  be  very  nearly  as 
firmly  iuftain'd  by  ir,  as  before  the  air  be:jan  to  be  pumn'd  out ;  for  the  ex- 
tradtion  of  the  air,  tho' it  be  not  iuppos'd  to  weaken  the  precife  power  of 
the  load-ftone  i  vet,  it  muftleilen  itspover  to  fuftaiii  the  Itcel,  bccauie  this 
K  in  fo  thin  a  medium  miift  weigh  hea\ier  than  in  the  air. 

»i}nffi,ntf  5;.  We  took  a  bral's  lyringe,  the  barrel  about  fix  inches  in  length,  and 
J '"^i'J^^the  diameter  about  an  inch  and  three  eighths  ;  and  having,  by  p!acin<;  a  thin 
rj5cfcrro/-  'bladder  about  the  fucker,  andpourin"  oil  into  the  barrel,  made  the  iiift:ru- 
"'Sll"bo'  nient  ftanch,  whilft  the  fucker  niov  u  without  much  difficulty;  we  thrufl 
ihvmm^tt  this  to  the  bottom  of  the  barrel  to  exclude  the  air;  and  having  laid  alidc 
"^'^  ■  the  (lender  pipe  of  the  fyringe,  we  carefully  ftopp'd  the  orifice  to  which 
the  pipe,  in  thefe  inftrumcnts,  is  ufually  fcrew'dj  then  drawing  up  the 
'£•  *»■  fucker,  we  let  it  go,  to  judge,  by  the  violence  with  which  it  would  be  dri- 
ven back  again,  whether  the  iyringe  were  /it  for  our  purpofe  ;  and 
finding  it  to  be  lb,  we  faften'd  a  ponderous  piece  of  iron  to  keep  it 
down  ;  and  then  fixing  to  the  handle  of  the  rammer  one  end  of  a  firing, 
■whofe  other  end  was  cy'd  to  the  turu-key,  we  convey 'd  this  iyringe  and  the 
weight  belonging  to  it,  into  a  receiver  ;  and  having  pump'd  out  the  air,  we 
began  to  turn  the  key,  thereby  to  fhorten  the  ftring  that  ty'd  the  handle 
of  the  fy-ringe  to  it,  and  found  no  reliftance  in  drawing  up  the  fucker  from 
the  bottom  of  the  cylinder. 

And  repeating  the  e.\perimenc  with  the  like  fuccefs,  when  the  receiver 
being  exhauftcd,  we  had  drawn  up  the  fucker,  almoft  to  the  top  of  the 
barrel  by  a  weak  ftring,  we  kept  the  parts  of  the  lyringe  in  that  pofture, 
till  a  paftage  was  open'd  to  the  outward  air ;  upon  which,  the  fucker  was 
lb  forcibly  deprefs'd,  that  it  broke  the  ftring,  and  was  violently  driven  back 
to  the  lower  part  of  the  barrel ;  tho'  the  ftring  had  fuftain'd'  between  four 
and  five  pound  weight,  and  broke  long  before  all  the  air,  that  flow'd  in  to 
fill  the  receiver,  had  found  entrance. 

Again,  we  took  the  fame  fyringe,  and  having  found  it  tight  enough  for 
our  purpofe,  we  carefully  clos'd  the  vent  with  a  cork  and  cement,  and  ha- 
ving ty'd  a  weight  of  two  pound  two  ounces  to  the  barrel,  we  fufpended 
the  rammer  of  the  Iyringe,  by  a  ftring,  in  a  large  receiver  ;  and  caufing 
the  pump  to  be  ply'd,  we  made  eleven  or  twelve  exfuftions,  without  finding 
any  appearance  of  change  in  the  fyringe  :  but  caufing  the  pumping  to  be 
cowinued,  I  perceiv'd,  within  two  or  three  exfuftions  more,  the  cylinder 
began  to  be  drawn  veiy  flowly  down,  by  the  weight  hanging  at  it ;  and 
likewife  try'd,  that,  juft  upon  a  frefh  exfuftioh,  the  delcenc  would  be 
manifcftly  accelerated.  And,  when  we  had  fuffer'd  the  barrel  and  weight 
to  ftide  down  as  far  as  we  thought  fit,  we  let  in  the  external  air,  which 
lais'd  them  both  again,  much  fafter  than  they  had  fubUded. 

And, 
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And,  fubftituting  a  far  heavier  weight  for  the  former,  the  depi-efllon  of  PsKtiuATi 
the  barrel  of  the  lyringe  fucceeded  for  two  or  three  times,  fucceffively,  ^-^"VN 
much  fooner  than  before. 

33.  Having  cemented  up  the  hole  at  the  bottom  of  the  fyringe,  we  ty'd  Afyringeem 
to  the  barrel  a  hollow  piece  of  iron,  that  leiv'd  for  a  fcale  \  into  which  we-|^^/**f^-'^ 
put  weights,  fucceffively,  to  try  if,  when  the  fucker  was  forcibly  drawn  wj/v /JL^^ 
up,  and  held  fteddily,  in  its  higheft  ftation,  the  weight,  fallen  a  to  the  •'*^'^«*^- 
barrel,  which  was  held  down  whilft  the  fucker  was  drawn  up,  and,  af-jFi^.s*.. 
terwards,  let  go,  would  be  confiderably  rais'd.    And,  when  we  perceiv'd, 
that  the  addition  of  half  a  pound,  or  a  pound,  more,  would  make  the 
weight  too  great  to  be  fo  raisM  ^  we  forbore  to  put  in  that  increafe  of 
weight :  and,  having  ty'd  the  handle  of  the  rammer  to  the  key,  we  con-?- 
vey  d  the  fyringe,  together  with  its  clog,  into  a  receiver ;  out  of  which, 
a  convenient  quantity  of  air  being  pumped,  we  were,  thereby,  eafily 
enabled  to  draw  up  the  fucker,  without  the  cylinder :  after  which,  having 
let  in  the  air,  fo  that  the  weight  was  rais'd  a  little,  I  caufed  two  pound  to 
be  taken  out ;  and  then  the  receiver,  being  fomewhat  exhaufted,  and  the 
air  admitted;  the  clog,  which  amounted  to  about  (ixteen  pound,   was 
fwiftly  raisM,  and,  as  it  were,  fnatch'd  up  from  the  middle,  to  the  upper 
part  of  the  rammer. 

34.  We  took  a  imall  receiver,  Ihapedlikea  pear,  cut  oft*,  horizontally,  nhe^p^^^ 
at  both  ends  J  we,  alfo,  took  the  fyringe,  formerly  mentioned,  and,  having^>*'^T«»J>»* 
cemented  thereto,  inftead  of  its  own  brafs-pipe,  a  finall  pipe  of  glafs, .  about  ^  J^wtf 
half  a  foot  in  length,  we  put  this  fyringe  in  at  the  narrow  end  of  the  re*  **^*»''- 
ceiver;  to  whofe  orifice  was,  afterwards,  carefully  cemented,  the  brafsr 
cap,  with  the  key,  whereto  we  ty'd  the  handle  of  the  rammer :  then,  Ttg.  %u 
having  conveniently  placed,  upon  the  engine,  a  very  fliort  thick  conical  glafs> 
containing  a  fuf&cient  quantity  of  quick-filver ;  we  fet  the  receiver  over 
it,  fo  that  the  lower  end  of  the  pipe  of  the  fyringe  reachM  almoft  to  the 
bottom  of  this  ^lafs ;  and,  coniequentljr,  was  immers'd  far  beneath  the 
furface  of  the  quick-filver :  when,  all  things  being  prepared,  the  air  was 
pump'd  out  of  the  receiver,  and,  confequently,  out  of  the  little  glafs 
that  held  the  mercury  ^  the  fucker  being  warily  drawn  up ;  ,we  could  not 
fee  the  quick-filver  afcend  to  follow  it ;  but  the  air,  being  let  flowly  into 
the  receiver,  the  mercury  was  quickly  impelled  up  to  the  top  of  the  glafsr 
pipe. 

And,  for  farther  fatisfaftion,  when  the  experiment  was  repeated,  we 
plainly  obferv'd,  that  tho',  when  the  receiver,  being  not  yet  exhaufted,. 
the  fucker  was  drawn  up  but  one  inch,  the  mercury  would  be  rais'd  to . 
the  upper  part  of  the  glafs-pipe  of  the  fyringe ;  yet,  after  the  exhaulling 
of  the  receiver,  tho^  the  fucker  was  drawn  up  twice  as  high,  there  ap- 
peared no  afcent  of  the  mercury  in  the  pipe. 

To  confirm  this  experiment,  we  caus  d  the  fyringe  to  be  ty'd  fiift  to  a . 
ponderous  body,  that  might  keep  the  cylinder  unmov'd,  when  the  fucker 
fliould  be  drawn  up ;  we,.alib,  cemented  to  the  vent,  or  fcrew,  at  the  bot- 
tom of  the  fyringe^  a  pipe  of .glafs>  about  two  incbcs  long }  and^  having ; 

placed  i 


roi  fhjfico-mechanicd  Experiments^ 

SJ^J;^' placed  the  heavy  body  upon  a  pedeftal  of  a  convenient  height,  that  the 
^^^^  glafs-pipe  might  be  all  fccn  beneath  it ;  and  a  very  low  vial,  atmoft  (ill'd 
with  quick-fiiver,  might  be  fo  placed  underneath  the  pipe,  that  the  ftaji- 
nant  mci-cury  reach'd  far  above  the  immers'd  orifice  of  the  faid  pipe : 
when  thinj^s  being  thus  provided,  and  the  handle  of  the  rammer  ty'd  to  the 
key,  belonging  to  the  brafs-cover  of  the  receiver,  this  veflel  was  cemented 
to  the  engine,  and  exhaufted. 

We  then  iook'd  upon  tjie  glafs-pipe,  abovc-mentioii'd,  and,  being  able 
to  fee  thro'  it,  we,  by  tlie  ftring,  drew  up  the  fucker  to  a  confiderable 
height,  but  could  not  perceive  the  pipe  to  be  fiU'd  with  any  fucceeding 
mercury ;  but,  warily  letting  in  fome  air,  we  quickly  faw  the  mercury 
impell'd  to  the  very  top  <rf  the  pipe ;  and  concluded,  from  the  quantity 
Tais'd,  that  fome  was,  alfo,  driven  into  the  cavity  of  the  cylinder.  This 
experiment,  alfo,  w€  fuccefsfuUy  try'd  with  tinged  fpirit  of  wine.  Hence 
it  appears,  that,  if  a  fyringe  were  made  ufe  of  above  the  atmofpberc, 
neither  the  flopping  of  the  pipe  would  hinder  the  eafy  drawing  up  of  the 
iucfcer  5  nor  the  drawing  up  the  fucker,  tlio*  the  pipe  were  not  flopp'd, 
raife,  by  fuftion,  the  liquor  wlierein  the  pipe  was  immers'd. 
/Ub^ifof  3S-  We  took  a  glafs,  about  an  inch  and  a  half  in  diameter,  but  much 
Hi^fiiS"  longer  than  an  ordinary  cupping-glafs  of  that  breadth  ;  we,  alfo,  provided 
m^a!  ^  receiver,  fhaped  like  a  pear,  and  open  at  both  ends,  at  the  fliarper 
whereof,  there  was  a  fmall  orifice ;  but,  at  the  obtiifer,  a  fliort  neck, 
St.  wide  enough  to  admit  the  cupping-glafs,  without  touching  the  fides  of  it. 

The  fmaller  orifice  of  the  receiver,  being  cemented  to  the  engine,  I  caus'd. 
the  cupping-glafs  to  be  well  faften'd,  with  the  mouth  upwards,  to  the 
palm  ofa  perfon's  hand  ;  then  caus'd  him  to  put  it  into  the  receiver,  and 
lay  his  hand  fo  upon  the  orifice,  that  it  might  ferve  for  a  cover  to  it,  and 
hinder  any  air  from  getting  in  between  them  :  but,  upon  the  firft  fuck,  the 
cupping-glafs  fell  off;  the  weight  of  the  atmofphere  prefling  fo  ftrongly  upon 
the  perfon's  hand,  that  he  complain'd,  he  could  very  hardly  take  it  from 
the  glafs,  into  which  it  was  almoft  thruft.  We  repeated  the  experiment, 
fattening  the  cupping-glals  more  ftrongly  than  before  ;  the  tumour,  occa- 
fion'd  whereby,  was  very  vifible :  but  now,  alfo,  as  before,  at  the  very 
firft  turning  of  the  ftop-cock,  to  let  the  air  out  of  the  receiver,  the  cupping- 
glafs  fell  off 
jfrtatvmglit  jtS.  We  took  the  brafs-ring,  formerly  mention *d,  and  cover'd  it  with  a 
]^^^l'v^  wet  bladder,  which  was  fo  ty'd  on,  that  the  bottom  of  the  bladder  cover'd 
•tfjSI  the  upper  orifice  of  the  ring,  and  lay  ftretch'd  upon  it,  whilft  the  neck  of 

the  bladder  was  ty'd  with  a  ftring,  near  the  middle  of  the  lower  orifice 
Tig.  ss-  of  the  ring  ;  and,  m  this  lower  part  of  the  bladder,  we  made  two  or  three 
fmall  holes,  for  the  air  to  pafs  in  and  out  at:  then,  having  placed,  at  the 
bottom  of  our  capp'd  receiver,  a  thick  piece  of  wood,  perforated  to  re- 
ceive the  neck  of  the  bladder  ;  we  placed  the  cover'd  ring  upon  this  piece 
of  wood,  fo  that  the  upper  part  of  the  bladder  lay  parallel  to  the  horizon  ; 
then  we  fufpended,  at  the  key  belonging  to  the  cap  of  our  receiver,  a 
blind  glafs-head,  inftcad  of  a  cupping-glafs,  which  name  k  may  bear ; 

and 
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and  to  the  upper  part  of  this  glafs,  we  fatten  d  a  large  ring  of  metal  to  f^^Syi^' 
prefs  it  againft  the  bladder.  The  receiver  being  now  cemented  on  to  the  ^^^ 
engine,  we,  by  the  help  of  the  key,  let  down  the  cupping-glafs  till  it  almoft 
touched  the  level  fuperhcies  of  the  bladder ;  and  when  the  receiver  was  mo- 
derately exhaufted,  we  let  down  the  cupping-glafs  a  little  lower,  fo  that  it 
refted  upon  the  bladder,  and  touch'd  it  with  all  the  parts  of  its  orifice  ; 
whence  the  cupping-glafs  with  its  fubjacent  bladder  was  become  an  inter- 
nal receiver  wherein  the  air  was  confiderably  expanded.  Then  we  warily 
let  the  air  into  the  receiver,  and  thereby  the  air  that  furrounded  the  cup- 
ping-glafs or  internal  receiver,  having  now  a  ftronger  preffure  than  that  in 
the  cupping-glafs  could  refift,  the  bladder  on  which  the  cupping-glafs  refted, 
was  confiderablv  thruft  into  the  cavity  of  the  glais,  and  made  to  ftick  very 
clofe  to  the  orince  of  it. 

Repeating  the  experiment,  and  exhaufting  the  receiver  further  than  Hi.  %^, 
before,  we  took  out  the  cupping-glals  and  the  bladder,  which,  toge- 
ther with  the  included  brafs-ring  was  han^ng  at  it  i  and  having  ty'd  the 
glafs  to  the  hook  of  a  ftatera,  and  a  large  (cale  to  the  neck  of  the  bladder,' 
we  put  weights,  by  degrees,  into  the  fcale,  till  we  thus  forced  oflf  the  blad- 
der from  the  glafs ;  which  hapned  not  till  the  weight  amounted  to  thirty-five 
pound. 

37.  We  caused  a  pair  of  bellows  tobemadedifierent  from  ordinary  ones,Btttmi,«i<Bti» 
their  boards  being  circular,without  handles,  and  without  clack  or  valve,  the  nofe  J^J^jJ^JJ;,^ 
but  an  inch  long,  to  belengthned,  if  occafion  required,  with  a  pipe,  and  about  «*«•  «*«  jfVf 
fix  inches  in  diameter,  the  leather  being  limber ,-  fo  that  when  the  bellows  were  uk^^^  **" 
open'd  to  their  full  extent,  by  drawing  up  the  upper  bafis  at  a  button  purpofely  ^g-  s. 
made  in  the  midft  of  it,  they  refcmbled  a  cylinder  fixteen  or  eighteen  mches^ 
high;  but  there  was  fome  little,  and  unperceiv'dleak  in  them,  whereat  air  had. 
paflage,  when  the  nofe  was  accurately  ftopp'd ;  however,  if  we  drew  up 
the  upper  bafis  from  the  lower,  the  external  air  would,  on  all  fides,  prefs  the 
leather  inward,  and  render  the  fhape  of  the  inftrument  very  far  trom  cyt-- 
lindricaL  Then  carefully  flopping  the  nofe,  after  we  had  brought  the  bafes  to 
touch  each  other,  and  conveying  the  inftrument  into  a  large  receiver,  it  quickly 
appeared,  when  the  pump  was  fet  on  work,  that,  at  every  exfuftion,  the 
air  in  the  folds  of  the  leather,  and  the  reft  of  the  little  cavity  left  between 
the  bafes,  made  the  upper  of  them  manifeftly  rife  ;tho'  its  own  weight  would' 
foon  after  depreis  it  again,  either  by  driving  out  (bme  of  the  air,  where 
the  inftrument  was  not  fufficiently  tight,  or  by  making  it,  as  it  were^ 
fbain  thro'  the  leather  itfelf :  and  if  the  pump  were  ply'd  fafter  than  ordi-* 
nary,  the  upper  part  of  the  bellows,  would  be  foon  raised  to  a  confidemble 
height ;  as  appeared  more  evidently,  if  we  haftily  let  in  the  external  air> 
whereby  the  osLfes  would  be  clapt  together,  and  the  upper  of  them  confi- 
derably  depreCs'd ;  fo  that  the  imperfeftion  of  the  bellows  rendered  the  ex- 
periment rather  more  than  lefs  conclufive :  for  fince  there  was  no  external 
force  apply'd  to  open  them,  if,  notwithftanding  fome  of  the  inclnded  air 
could  get  out^  the  fpring  oi  the  internal  air  was  ftrong  enoi^h  to  open 


04  Phyjico-mechamcal   Experiments.  ^*J 

;«*7''->tIie  bellows,  wlicii  the  anibicnt  air  was  withdrau-n,  much  more  would 

'^'^  die  efleft  have  been  produced,  if  the  bellows  had  been  pert'eftly  ftanch. 

tempi  (0         38-  Since,  if  there  be  ftich  a  thing  as  a  celeftial  matter,  or  ather,  it  mud 

"f"^  compofcfar  the  grcateft  partof  the  univcrfe  known  to  us  j  it  deferves  to 

//^. ''be  cnquir'd,  whether  we  can,  by  fenfiblc  experiments,  difcoverits  exifl- 

cnce,  or  qualities.     To  this  end  I  thoupht  our  pncumatical  engine  might 

contribute,  if  I  could  manage  therein  iuch  a  pair  of  bellows  as  I  defign  d  ; 

for  I  propofed  to  faften  a  convenient  weight  ro  the  upper  balis,  and  cJog  the 

lower  with  another,  able  to  )ccep  it  horizontal,  and  immoveable,   fo  that 

when,  by  the  help  of  the  mni-key,  the  upper  bafis  (hould  be  rais'd  to  its 

full  height,  the  cavity  of  the  bellows  might  be  brought  to  its  full  dimen- 

lious.     This  done,  I  intended  to  cxhauft  the  receiver,  and,  confequently, 

the  bellows,  tJius  open'Ujfo  that  both  the  receiver,  and  they,  mi^ht  be 

carefully  freed  from  air  :     after  which,  I  purposed  to  let  go  the  upper  bafe 

of  the  bellows,  that  being  haftily  deprefs'd  by  the  incumbent  weight,  ic 

might  fuddenly  tall   down  to  the  lower ;  and  by  thus  greatly   Icflening 

Etlie  cavity,  expel  tlience  the  matter,  if  any  tliexe  were,  before  con- 
tain'din  it ;  and  that,  if  it  could,  by  this  way,  be  done,  at  the  hole  of 
a  ilcnder  pipe,  faften'd  either  near  the  bottom  of  the  bellows,  or  in  the 
upper  bafis,  againft,  or  over  the  orifice  of  which  pipe,  there  might  be 
placed,  at  a  convenient  diftance,  either  a  feather,  or  the  fail  of  a  little 
wind-mill,  made  of  Ibme  otiier  light  body,  fit  to  be  put  into  motion  by 
the  impulfc  of  any  matter  which  ihould  be  lorc'd  out  01  the  pipe. 
Now,  if  by  thismeans,  notwithftaiidlng  the  abl'enceof  the  air,  it  fliould 
i  -  appear,  that  a  ftream  of  other  matter,  able  to  fet  viiiblc  bodies  in  mo-  ■ 
tion,  fhould  illue  out  at  the  pipe  of  the  cotiiprefs'd  bellows,  it  would  alfo 
appear,  that  there  maybe,  plentifully,  found  a  much  fubtilcr  body  than 
CQmmon  air,  in  places  delerted  by  I'uch  air  ;  and  that  it  is  not  fafe  to  con- 
dude^  from  the  abfence  of  the  air,  in  our  receivers,  and  the  upper  part  of 
the  TorricelliaH  tube,  that  there  is  no  body,  but  an  abfdute  vacuity.  But 
if,  on  the  other  fide,  there  fhould  appear  no  motion  at  all  to  be  produc'd, 
fo  mucli  as  in  the  feather,  it  ihould  leem,  that  either  the  cavity  of  the  bel- 
lows was  abfolutely  empty  ;  or  that  it  would  be  very  difficult  to  prove, 
■by  any  fenfible  experiment,  that  it  was  full.  And  if,  by  any  other  means,  it 
be  demonftrable,  that  it  was  replenifh'd  with  ithcr,  we  might  fuppofe,  from 
our  experiment,  that  'tis  not  eal'y  to  make  it  fenfible  by  mechanical  experi- 
ments ;  and  that  'tis  really  fo  fubtile,  and  yielding  a  matter,  as  does  not 
either  eafily  impel  light  bodies,  or  fenfibly  refift,  like  air,  the  motions  of 
other  bodies  thro'  it ;  but  is  able,  freely,  to  pafs  the  pores  of  wood,  leather, 
and  clofer  fubftances,  which  the  air,  in  its  natural  ftate,  doth  not. 

And,  to  make  the  trial,more  accurate,  I  caus'd  a  fmall  pair  of  bellows  to  be 
*'  ^ "         made  with  a  bladder;  and  that   this  might  remain  entire,  we  glued   the 
two  bafes,  the  one  to  the  bottom,  and  the  other  to  the  oppofite  part  thereof; 
€0  that  the  neck  came  out  at  a  hole,  pui'pofeiy  made  for  it,  into  the  up- 
per bafis ;  %vhence,    into  the  neck  it  was  eafy  to  fix  wliat  pipe  we  judg'd 
We  had,  alfo,  thoughts  of  procuring  another  pair  of  tight  bellows, 

made 
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made  with  a  very  little  dack  ia  the  lower  bafis,-    that,  by  haftily  draw^  Piteuuatic 
ing  up  the  other  bafis,  when  the  receiver  and  bellows  were  very  carefully 
eidiaufted,  we  might  fee  whether  the  fubtile  matter  that  was  expellM  by 
the  upper  balis,  in  its  afcent,  would,  according  to  the  modem  doftrine  o£ 
the  circle,  made  by  moving  bodies,  be  impell  a  up,  or  not. 

We,  likewife,  thought  of  placing  the  little  pipe  of  the  bladder-bellows,  be* 
neath  the  furface  of  water,  exquifitely  freed  nrom  air,  to  fee  whether,  upon 
thedepreffion  ofthem,  by  the  incumbent  weight,  when  the  receiver  was 
carefully  exhaufted,  there  would  be  any  thing  expellM  at  the  pipe,  produdiire 
of  bubbles  in  the  liquor,  wherein  its  orifice  was  immersed. 

To  bring  our  con jedhires  to  a  trial,  we  put  into  a  capp'd  receiver,  the 
bladder,  accommodated  as  already  mentioned,  containing  between  half  a 
pint,  and  a  pint ;  and  todeprefs  the  tipper  bafis  of  thefe  little  bellows  the 
more  eafily,  and  uniformly,  we  covered  the  round  piece  of  paft-board,  that 
made  the  upper  bafis,  with  a  pewter  plate ;  a  hole  being  made  in  it  for  the 
neck  of  the  bladder :  which,  upon  trial,  prov'd  not  ponderous  enough  without 
weight  of  lead     And  tofecurethe  feather  above- mentioned,  from  being 
blown  afide,  we  made  it  to  move  in  a  perpendicular  flit  in  a  piece  of  paft* 
board,  £aflen'd  to  one  part  of  the  upp^  oafis ;  as  that  whereto  we  ghicd 
the  feather,  was  to  another  part.    Things  being  thus  provided,  the  pump 
was  worked  ;  and  as  the  ambient  air  was,  from  time  to  time,  withdrawn^ 
that  in  the  bladder  expanded  itfelf  fo  as  to  lift  up  the  metalline  weighty 
and  yet,  in  part,  to  ially  out  at  the  little  glais  pipe  of  our  bellows ;  as  ap- 
pear d  by  its  blowing  up  the  feather,  and  keeping  it  fufpended,  till  the 
fpring  dt  the  air  in  the  bladder  was  too  far  weakned.    In  the  mean  time^ 
we  did,  now  and  then,  by  the  help  of  a  {faring  fiaftned  to  the  turn-key,  and 
the  upper  bafis  of  the  beUows,  let  down  the  oafis  a  little,  to  obierte  how, 
upon  Its  finking,  the  blaft,  againft  the  feather,  would  decreafe,  as  the  re** 
ceiver  was  further  exhaufted.    And  when  we  judjg'd  it  to  be  fufficietitly 
freed  from  air,  we  let  down  the  weight,  but  could  not  perceive  that,  by 
ihutting  the  bellows,  the  feather  was  at  all  blown  up  as  before  ;  tho'  the 
upper  bafis  were  more  than  ufually  deprefs'd.    And  yet  it's  fbmewhatodd, 
that  when,  in  order  to  a  further  trial,  the  weight  was  drawn  i^  again ;  as 
the  upper  bafis  rofe  from  the  lower,  the  fides  c£  the  bladder  were  fenfibly 
prefs'd,    or  drawn  inwards.     The  bellows  bdng   thus  opened,  we  kc 
down  the  upper  bafis  again,  but  could  not  perceive  that  any  blafl  vns  pro*- 
duced ;  for  tho*  the  feather,  which  lay  jutt  over,  and  near  the  orifice  of 
the  little  glafs  pipe,  had  fome  motion,  yet  this  feem^d  plainly  t6   be  but 
a  fhaking,    and  almoft  vibrating  motion,   whereinto  it  was  put  by  the 
upper  bafis,  which  the  firing  kept  from  a  fmooth  and  uniform  defcent ; 
but  not  to  proceed  from  any  blaft^  tfiuing  out  of  the  caviqr  of  the  bladder. 
And,  for  i^her  fatisfii£lion»  we  caufed  fome  air  to  be  let  into  the  re^- 
oeiver ;  becaufe  there  was  a  ,po0ibility  that  the  fieoder  pii)e  might,  by  fome 
acddent,  be  choaked :  but  tho^  upon  the  return  <£  the  air  into  the  recet'- 
ver,  the  baies  of  the  bellows  were  prefs'd  dofer  together,  yet  it  feem'd 
that  fome  little  air  got  thro'  the  pipe,  into  tte  cavity  of  the  bladder ;  fer 

Vol.  U.  Ttt  whea 


Phyfico-wechanical  Experiments.  ^^ 

vlien  we  began  again  to  withdraw  the  air  that  was  let  into  the  receiver, 
the  blatlder  began  to  fwell  a»ain,  and,  upon  letting  down  the  weight,  to 
blow  lip,  and  fuftain  the  feather,  as  happen'd  before  the  receiver  had  been 
IbwcUexlrauftcd. 

3  9.  I  caus'd  a  crooked  pipe  to  be  made  for  the  fyringe,  formerly  men- 
tion'd.  infleadff  its  ftrait  one,  whofe  fhorter  leg  was  parallel  to  the  lon- 
ger.    And  this  pipe,  after  being  fcrew'd  on  carefully,  was  cemented  tothc 
barrel  j  and  bccaiife  the  brafs-pipe  conld  fcarce  be  made  fmall  enough, 
wc  caufed  a  fhort  and  flendcr  pipe  of  glafs,  to  be  put  into  the  orifice  of 
the  fhorter  leg,  and  carcftilly  faften'd  to  it  with  cement.     Then  the  fucker 
being  made  to  go  fmooth,  without  leficning  the  ftaunchnefs  of  the  fyringe, 
tliere  was  faften'd  to  the  handle  of  the  rammer,  a  weight  made  in  the 
form  of  a  ring,  or  hoop  ;  which,  by  reafon  of  its  figure,  might  be  fufpended 
from  the  handle  of  the  rammer,  and  hang  loofe  on  the  outfidc  of  the  cy- 
linder, and  which,  both  by  its  figure  and  weight,  might  eafilv,  and  fwiftly 
deprei's  the  fucker,  when  di-awn  up.     The  fyringe,  thus  furnifti  d,  was 
faften'd  toa  broad,  heavy  pedeftal,  to  keep  it  in  its  vertical  pofturc.andto 
hinder  it  from  tottering,  notwithftanding  the  weight  that  clog^'d  it.  Bcfides 
all  thii.we  took  a  feather,  about  two  inches  !ong,of  which  there  was  left,  at 
the  end,  a  part  about  the  breadth  of  a  man's  thumb-nail,  to  cover  theorifice 
of  the  (lender  glafs  pipe  of  the  fyringe;  for  which  purpofe,  the  other  extre- 
mity of  it  was  fo  faften'd,  with  cement,  to  the  lower-part  of  the  fyrmge, 
that  the  broad  end  of  the  feather  ftood  ;uft  over  the  little  orifice  of  the 
elafs,  at  fuch  a  convenient  diftance,  that  when   the  fucker  was  a  little 
drawn  up,  and  let  go  attain,  the  weight  would  deprefs  it  faft:  enough  to 
blow  up  the  broad  part  of  the  feather.     The  handle  of  the  rammer,  oeing 
now  ty'd  to  the  turn-key  of  a  capp'd  receiver,  the   ''yrin!;e,  and  its  pe- 
deftal, were  inclofed  m  a  capacious  receiver  ;  and  the  pump,  being  let  on 
work,  we,  after  fonic  quantity  of  air  was  drawn  out,  rais'd  the  fucker  a 
little,  by  the  help  of  the  turn-key  :  and,  then,  turning  the  fame  key  the 
contrary  way,  we  fiifier'd  the  weight  to  deprefs  the  fucker,  to  iee  how 
the  feather  would  be  "blown  up  ;  and,  finding  that  it  was  impell'd,  forcibly, 
we  continu'd  to  pump,  by  paufcs ;  during  each  of  which,  we  rais'd  and 
deprefs'd  the  fucker, ■  as  before ;  and  oblciv'd,  that  as  the  receiver  was 
gradually  exhaufted  of  air,  the  feather  was  lefs  briskly  driven  up,  till, 
at  length,  when  the  receiver  was  well  empty'd,  the  ufiial  elevations  and 
ieprefHons  of  the  fucker  would  not  blow  it  up  at  all,  tho'  they  were  far 
more  frequently  repeated  than  before. 

After  we  had  long  tried,  in  vain,  to  raife  the  feather,  fome  air  was  let 
into  the  receiver;  and  tho',  when  but  very  little  air  was  admitted,  the 
motions  of  the  fucker  had  fcarce  any  fenfible  effeft  upon  the  feather  j  ycty 
when  the  quantity  began  to  be  confiderable,  the  feather  began  to 
move  a  little  upwards  ,-  and  fo  letting  in  air,  not  all  at  once,  but  fucceflive- 
ly,  and  moving  the  fucker  up  and  down,  in  the  jnttrvals  of  thofe  times 
©fadmiffion;  we  obfcrv'd,  that  as  the  receiver  coatain'd  more  air,  the 
jeathpr  was  more  brisUy  blown  up. 
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But,  not  content  with  a  fingle  trial,  we  caus'd  the  receiver  to  be  again  P**^?j^«* 
exhaufted,  and  profecuted  the  experiment  with  the  like  fuccefs ;  only  ^^^^^^ 
having,  after  the  receiver  was  exhaufted,  drawn  up,  and  let  fall  the 
fucker,  feveral  times,  ineflfeftually  j  having,  hitherto,  not,  ufually,  rais'd 
it  by  more  than  one  turn  of  the  hand ;  we  now  ufed  an  inftrument, 
that  was  tolerably  long,  and  fit  to  take  hold  of  the  turn-key,  fo  that  we 
could  eafily  raile  the  fucker  between  two  and  three  inches  at  a  time, 
and  fuddenly  deprefs  it  again :  yet,  for  all  this,  which  would  much  have 
increased  the  blaft,  if  th^rc  had  been  a  matter  fit  for  it  in  the  cavity  of  the 
fyringe,  we  could  not,  fenfibly,  blow  up  the  feather,  till  we  had  let  a 
little  air  into  the  receiver.  But,  now,  in&ead  of  the  brafs-pipe,  hitherto 
employed,  we  cemented  one  of  glafs  to  the  fyringe ;  its  (horter  leg,  after  %  ^•• 
it  had,  for  a  while,  run  parallel  to  the  other,  being  bent  off  fo,  that  above 
an  inch  and  a  half  of  it  tended  downwards ;  whereby  the  orifice  of  it  might 
be  immersed  in  the  water  contained  in  a  fmall  open  jar.  The  defign  of  this 
contrivance  was,  that  when  the  receiver  fhould  be  well  exhaufted,  we 
might  try  whether,  by  raifing  and  deprefling  of  the  fucker,  any  fuch  mat- 
ter would  be  driven  out  at  the  nofe  of  the  pipe,  as  would  produce  bubbles 
in  the  incumbent  water ;  which,  air,  cho'  highly  rarify'd,  is  capable  of  doing. 

The  only  particulars,  wherein  this  experiment  difter'd  from  the  former, 
were  thefe.  As  the  air  was  here  pump  d  out  of  the  receiver  j  that  in  the 
glafs-pipe  made  its  way  thro'  the  water,  in  bubbles.  And  a  little  air 
having  once,  by  a  fmall  leak,  eot  in,  and  forc'd  feme  of  the  water  out  of 
the  jar  into  the  pipe  i  when  the  receiver  was  a^n  well  empty'd,  both 
that  water,  and  tne  little  ftagnant  quantity  contam'd  in  the  inunersM  pare 
ci  the  pipe,  produced  fo  many  bubbles,  ot  feveral  fizes,  as  quite  difkurbM 
our  (J>fervations.  Wherefore,  we  let  alone  the  receiver,  exhaufted  as  it 
was,  for  fix  or  feven  hours,  that  the  water  might  free  itfelf  from  air ;  and 
then  caufing  what  air  might  have  flolen  in,  to  be  again  pump'd  out,  till 
we  perceiv'i  by  the  gage,  that  the  receiver  was  well  exhaufted,  we  caused 
the  fucker  of  the  fyringe  to  be  raisM  and  deprefs'd  feveral  times  ;  and  tho', 
even  then,  a  bubble  would,  now  and  then,  difturb  our  obfervations,  yet, 
when  we  were  not  thus  confounded,  we  fometim^  obferv'd,  that  the  ele- 
vation  and  fall  of  the  fucker,  tho'  repeated,  did  hdt  drive  out  at  the  pipe. 
any  thing  that  made  difcernible  bubbles  in  the  incumbent  water  :  for  tho 
fome  fmall  bubbles  would  rarely  appear  on  the  furface  of  the  water,  yet  I 
could  not  perceive,  that  the  matter  which  made  them,  ifliied  out  of  the  pipe; 
and  fome  of  them  manifefUy  proceeded  from  aerial  particles,  ftill  lurking  in 
the  water,  as  I  concluded  from  the  place  and  time  of  their  rifing.  But,  at 
length,  we  obferv*d,  the  water,  in  the  immersed  part  of  the  pipe,  which 
was  very  (lender,  to  be  about  an  inch  higher  than  the  reft  of  the  flagnant 
water,  and  to  continue  at  that  height  in  the  pipe,  tho'  the  fucker  were,  fe- 
veral times  together,  rais'd  and  deprefs'd,  between  two  and  three  inches  at 
once  ;  which  feem'd  to  argue,  that  there  was  a  vacuum  in  the  cavity  of  the 
fyringe  2  or  if  it  were  full  of  aether,  this  was  fo  fubtilc,  that  the  impulfe  it 

Ttt2  re- 


d8  Phyfico-mechankd  ExperimentSi  ^^m 

"?"•■  recciv'd  from  the  foiling  fucker,  would  not  make  it  difplacc  that  very  (ttn- 

'^^  dcr  tliread  of  water  in  the  fmall  pipe  ;  though  it  appear'd  by  the  bubbles,. 

wiiich  fometimes  difclos'd  rhemlelves  in  the  water,  after  the  rccei\'er  had. 

tbeen  exhaufted,  tliat  far  more  water  would  be  difplaced,  and  carried  up  bjr 
a  fmall  bubble,  confiftinc  of  air,  fo  rarified,  that,  according  to  my  efti- 
mate,  the  particles  of  it  did  not,  before  the  pump  was  firft  fet  on  work, 
poflefs,  in  the  water,  a  five  hundredth  part  of  the  fpace  of  a  pin's  head. 
W//*i-      40.  We  took  a  receiver  twenty-cwo  inches  high;  and,  that  we  might 
I'^-i'wr  '*'■  ^  body  f^ll  therein,  we  lb  fallen 'd  a  fmall  pair  of  tongs  to  the  ill- 
fide  of  its    brafs-cover,  that,  by    moving  the  turn-key,    we  might,    by 
'.  a  ftring,  open  them  ;  which  their  own  Ipring  would,  otherwife,  keep  Ihut : 

we  then  join'd,  crofs-wife,  four  broad  light  feathers,  each  about  an  inch 
long,  at  their  quills,  with  a  little  cement ;  into  which  we,  alfo,  ftuck,  per- 
pendicularly, a  fmall  label  of  paper,  about  the  eighth  of  an  inch  in  breadth, 
acd  foraewhat  more  in  height ;  by  which  the  tongs  might  cake  hold  of 
our  light  inftrument,  without  touching  the  cement,  which,  elfe,  might  fticfc 
(o  them.  By  the  help  of  this  fmall  piece  of  paper,  the  little  inftrumenc, 
of  which  it  made  a  part,  was  fo  held  by  the  tongs,  that  it  hung  horizon- 
tal ;  and  then  the  receiver,  being  cemented  to  the  engine,  the  pump  was 
diligently  ply'd,  till  it  appear'd,  by  a  gage,  that  the  receiver  had  been 
thoroughly  exhaufted.  Laftly,  our  c^s,  being  attentively  fixed  upon  the 
connected  feathers,  the  tongs  were,  by  the  help  of  the  turn-key,  open'd, 
ajid  the  little  inftrument  let  fell ;  \vhich,  tho',  in  the  air^  it  had  made  fome- 
tums  in  its  defcent  from  the  fame  height, whence  it  now  fell ;  yet  it  here  de- 
fcended  like  a  dead  weight,  without  being  perceiv'd  to  make  a  (ingle  turn, . 
or  a  part  of  one.  However,  I  caufed  the  receiver  to  be  taken  off",  and  put 
on  again,  after  the  feathers  were  taken  hold  of  by  the  tongs ;  whence, 
being  let  fall  in  the  glafs,  unexhauftcd,  ihcy  made  feme  turns  in  their  de- 
fcent ;  astliey,  alio,  did,  being  let  fall  a  fccondiimc,  after  the  fame  manner. 
■  But  when,  after  this,  the  feathers  being  placed,  as  before,  "ffc  repeated- 
the  experiment,  carefully  pumping  out  the  air,  we  could  not  perceive  any 
turning  in  the  defcent ;  yet,  for  farther  feairity,  we  let  them  fall  twice 
more,  in  the  unexhaufted  receiver ;  and  found  them  to  turn  in  falling :  but 
when  we  did,  a  third  time>  fct  them  loofe  in  the  receiver,  well  exhaufted  ; 
they  fell,  after  the  fame  manner  they  had,  in  the  fame  cafe,  done  before. 
l^fn^d'^T'^*  41.  VVecaus'd  a  cylinder  of  box  to  be  tum'd  of  a  length  foitableto  that 
i^M^jlid  tf  of  the  receiver,  wherein  it  was  to  be  employ'd.  Out  of  the  lower  bafis  of 
""^'  this  cylinder,  which  was  about  an  inch  and  a  half  in  diameter, ,  there  came 

a  fmaller  cylinder  or  axle-tree,  not  a  quaner  fg  thick  as  the  other,  and  lefs-n 
than  an  inch  lone :  this  was  tum'd  very  true,  that  it  might  mbve  fmoothly 
in  a  little  ring  of  brafs  made  for  it  in  the  midft  of  a  fix'd  .trencher,  or  piece- 
of  folid  wooJ,  ftiap'd  like  a  mill-ftone ;  being  four  or  five  inches  in  breadth, 
and  between  one  and  two  in  thicknefs :  and  the  large  round  groove,  pur- 
pofely  made,  in  the  lower  part  of  this  trencher,  l.caufed  To  be  fill  a  up 
with  lead,  to  keep  the  trencher  fteady:  and  in  the  uppermoA  part  ef  this 
trencher  we  intended  to  have  holes  nude,  to  place  bodies  in  at  feveral  di- 
fiances,  as  occafion  Qiould  require.  The  upp«bafis  of  the  cylinder  had,  alfo, 
Mnother  ajde-ixt^^xmn^  out  of  the  midft  ofit,.hut  wider  tbau  the  former, 
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that  into  its  cavity  it  might  receive  the  lower  end  of  the  tum-kejr»  to  which  f'^SSir^' 
'*twas  to  be  faftcn  d  by  a  flcnder  peg  of  brafs,  thruft  thro'  two  correfoondent  ^^^^^^^^ 
holes,  the  one  made  in  tlie  turn-key,  and  the  other  in  the  ibcket  of  ^axle- 
tree.  There  were  alio  feveral  horizontal  perforations  made  in  the  piiian'tfelf, 
to  which  this  axis  belonged  ;  which  pillar  we  call  the  vertical  cylinder.  The 
general  uTe  of  this  contrivance,  is,  that  the  end  of  the  turn-key  being  put  into 
the  focket,  and  the  lower  axis  of  the  vertical  cylinder  into  the  trencher ;  by  the 
motion  of  the  key,  a  body  faflenM  at  one  of  the  holes  to  the  cylinder  may 
be  brought  to,  or  remov'd  from,  or  made  to  ftrike  againft  another  body, 
faften'd,  in  a  convenient  jpofture,  to  the  upper  part  of  the  trencher. 

We  caus'd  then  a  hand-bell  witliout  its  handle  and  clapper,  to  be  fo  faften'd, 
to  a  ftrong  wire,  that  one  end  of  the  wire  being  fixed  in  the  trencher,  the 
other,  wmch  was  bent  downwards,  took  hold  of  the  belL  In  another 
hole,  made  in  the  circumference  of  the  £une  trencher,  was  wedgM  a  fteel 
fpring,  to  the  upper  part  whereof  was  wedg'd  a  gad  of  fteel  lefs  than  an  inch 
long,  but  confii^rably  thick ;  the  length  of  this  fpring  made  the  upper 
part  of  the  hammer,  or  piece  of  fteel,  of  the  fame  height  with  the  bell ;  and 
the  diftance  of  the  fpring  fixim  the  bell  was  fuch,  that  when  foTcd  back 
the  other  way,  it  might,  at  its  return  make  the  hammer  ftrike  briskly  up- 
on the  outfide  of  the  oell.  The  trencher  being  thus  fumiih'd  and  placM  in 
a  cappM  receiver,  the  air  was  diligently  pump'd  out,  and  then,  by  the  help 
o£  the  turn-key,  the  vertical  cyUnder  was  made  to  go  round,  by  whi^ 
means,  as  often  as  one  of  the  two  ftiff  wires,  or  final!  pegs,  that  were  faftenM 
at  right  angles  into  holes  made  near  the  bottom  of  the  cylinder,  pafsfdby  the 
fpring,  they  forcibly  bent  it  in  tlieir  pa£&ge  from  the  bell,  fo  that  as  foon 
as  the  whre  was  gone  by,  and  the  fpring  ceas*d  to  be  preJs'd,  it  would  fly 
back  with  violence  enough  to  make  the  hammer  give  a  fmart  ftroke  upon 
the  belL  And,  by  this  means,  we  could  both  continue  the  experiment  at 
difcretion,  and  make  the  percuiHons  more  equally  ftreng  than  it  would.o^  - 
therwife  have>  been  eafy  to  do. 

Now,  when  the  receiver  was  well  emptied,  it  fomedimes^  appeared 
doubtful  whether  any  found  were  produced  or  no ;  but  to  me,  for  tne  moft 
part,  itfeem'd,  that,  after  great  attention,  I  heard  avery&int  and.  lan- 
guid found,  and  yet  methoughtit  had  fome  ihrilnefs  in  nt,<  andieem'd  to 
come  from  afar.  But  letting  in  the  air,  at  competent  intervals,  it. was  ea^ 
£y  to  obferve,  that  the  vertical  cylinder  being  ftill  made  to  go  round,  .whea 
a  little  air  was  let  in,  the  ftroke  of  the  hammer  upon  the  KlL.betemeTezy : 
audible  :  when  more  air  was  admitted,  the  found  grew  greater^  and  fa 
increased  till  the  receiver  was  again  repleniih'd  with  air ;  tho^  even  then^ 
the  found  was  obferv*d  to  be  much  lefs  thari<whpn"!ffieWcbiv|ar  did  jiOt  in- 
terpofe  between  the  befl  irid  the  ear.      ,  .     *  !'\  .  i      ;      f   •; 

We  now,  alfo,  fufpended  in  the  seceiver  a  watch  with  a  good  alarum'  v^uidt 
to  make  this  experiment  the  more  accurate,  weemplc^  a  a  reoeivertiiiat. 
confifted  of  but  onepiece  of  gla&f  urnifh'd  on  the  infide  with  a  ^afs  knob  or 
buttoui  to  which  ar  ftrihg  might  be  tyM :  we  alfovhung  thee  watch,  .ndt 
by  its  chain,  but  b^  a  very  flender  thread,  wliofe  upper  endiwaallWilto 
the  glafs  button^  .Then  the  air  being  carefully  pump  d  ou^  w&^filtntly  expec- 
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«M*Tifl<.jfd  the  ringing  of  the  alarum;  but  hearing  no  noifc  fo  foon  asu'C  expeftcd, 
^^^^  ic  might  have  been  doubted,  whether  the  watch  continued  goinjj,  if  we 
had  not  contriv'd  a  way  to  dii'cern  its  motion:  wherefore,  Idclireda  gen- 
tleman to  hold  his  car  exaflly  over  the  button,  at  which  the  watch  was  fnf- 
pended,  and  very  near  to  the  receiver ;  who  cold  us,  that  he  could  juft  per- 
cci%'e  fomething  of  a  found,  which  feem'd  to  come  from  far ;  tho',  neither 
we,  who  liften'd  very  attentively  near  other  parts  of  the  receii-er,  nor  he, 
if  his  ears  were  no  more  advanrageoufly  plac'd,  were  farisfied,  that  wc 
heard  the  watch  at  all.     Then  letting  in  ibmc  air,  we  did,  with  attention, 

I  begin  to  hear  the  alarum,  whofc  found  was  odd;  and  by  returning  the 

rtop-cock,  to  keep  any  more  air  fi'om  enteiing,  we  kept  the  found  thus  low 
for  a  conliderablc  time ;  after  which,  a  Httle  more  air,  that  was  permitted  to 
enter,  made  it  bcconic  more  audible ;  and  when  theair  was  yet  more  freely 
admitted,  we  could  plainly  hear  the  alarum  at  a  confiderable  diftance  from 
the  receiver  *. 
Wyir^p  43.  The  blunter  part  of  a  glafs-drop  being  faften'd  to  a  liable  body, 
V"^"j^*'aiici  convey 'd  into  the  receiver,  and  the  crooked  ftem  being  ty'd  to  one  end 
of  a  ftring,  whofe  other  end  was  faften'd  to  the  turn-key,  we  carefully 
pump'd  out  the  air?  when  the  ftem,  by  fhorcning  the  ftring,  being  broken 
off,  the  glals-drop  was  {hatter 'd  into  a  thoufand  pieces. 

This  experiment  was,  afterwards,  repeated  with  the  hke  fuccefs  j  and 
having,  at  that  time,  no  gage  to  try  how  far  the  air  had  been  drawn  out, 
wc  let  the  external  air  impel  up  the  water  out  of  the  pump  into  the  recei- 
ver, and  therebyfouad,  that  the  vertel  had  been  well  exhaufted. 

43-  Knowing,  chat  hard  fuf^r,  being  briskly  fcraped  with  a  knife,  affords 

i^iJ^fja  fparkhng  Uglit;  fo  that  one  wouU  fometimes  think  fparks  of  fire  flew 

wriwr.  from  it ;  we  caus'd  a  lump  of  hard  Inaf-fugar  to  be  conveiiicnciy,  and 

firmly  plac'd  in  the  cavity  of  our  capp'd  receiver ;  and,  to  the  vertical  cy- 

f}.  (,,  linder,  .formerly  mentioned,  we  faften'd  fome  pieces  of  a  fteel-fpring, 

which,  being  but  thin,  might,  in  their  paflage  along  the  fugar,  grate  or  rub 

forcibly  againft  it  j  and,  then  the  receiver  being  well  exhaufted,  m  the  night- 

cime,  and  in  a  dark  room,  the  vertical  cylinder  was  made,  for  a  pretty  while, 

to  move  round,  by  help  of  the  turn-key.  Thus  the  irons  that  came  out  of  the 

vertjcal  cylinder,  making,  in  their  paflage,  vigorous  impreflions  upon  the  ■ 

iiigar,  that  flood  in  their  way,  there  were  manifeftly  produced  many  fittle 

flafliesi  and  fometimes  too,  tho*. not  frequently,  there  feem'd  to  be  ftruck 

off  fmall  fparks  of  fire  f.  44.  \^'e 


*  That  Xoaad  cumot  be  propagated 
thro*  a  vacuum,  Jippears  more  lullv  from 
ui  experiment  of  tn«  late  Mr.  Uauhbte, 
who  included  a  large  bell  in  a  receiver 
^llofconmen  air,  and  csver'dtbem  both 
with  another^lals,  out  of  which,  the  air 
being  extrodcd,  iho'  louod  was  aQually 
produced  in  the  innermoft,  it  could  n«t 
be  heard  by  the  by-fiaadert.  Fhilef,  T^arf. 
K«.  321.  p.  J<?. 


From  fbme  other  expcrimenti  of  the 
Tame  perfon,  'lis  airo  evident,  that  rounds 
are  as  wall  augmented  in  coodenred  air, 
as  diminifh'd  in  (hat,  which  is  rarified. 
See  his  Pbyfea-imthnn.  Etptrimentt.  p-lXf. 

i  From  a  variety  oF  experiments,  rela- 
ting to  the   attrttioQ  of  bodies  m  vacua, 
^nudeby  thelateMr.Htwbkf,  it  apfvears, 
that 
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44.  We  took  a  large  inverted  cucurbit  for  a  receiver,  made  very  clear  J*j;^Jj^"f 
by  wiping;,  and  obferv  d,  that  when  the  pump  began  to  be  workM,   if  a  j1u»drfh!£, 
large  candle  were  held  on  the  other  fide  of  the  glafs,  upon  turning  the  ftop-Jjf/^^^* 
cock  to  let  the  air  out  of  the  receiver  into  the  cylinder,  the  glafs  would  ^«^/i,i"ric;ml 
ieem  to  be  full  of  fumes,  and  a  kind  of  halo  appear  about  the  flame  of  the 
candle  ;  and  this,  at  firft,  was  commonly  between  a  blue  and  a  green,. 
but  after  fome  fucks,  tum'd  of  a  reddifh  or  orange  colour,  both  very  vivid. 
The  phenomenon,  in  my  opinion,  proceeded  from  hence,  that  the  cement 
being  fomewhat  fofr,  and  abounding  with  turpentine,  and  having  a  hot  i- 
ron  apply *d  to  it,  whereby  it  was  both  foften'd  and  heated,  it  feems  ratio- 
nal to  expeft,  that,  upon  withdrawing  the  air  in  the  receiver,  the  aerial 
particles  m  the  cement  freed  from  their  former  preflure,  would  extricate 
themfelves,  and  with  the  loofer  fteams  of  the  turpentine,  and  perhaps  of 
the  bees-wax,  expand  themfelves,  with  a  kind  of  explofion,  in  the  receiver ; 
and  by  their  interpofition  between  the  light  and  the  eye,  exhibit  thofe  de- 
lightful cdours  we  had  feen.    And,  I  afterwards  found,  that  I  could 
plainly  perceive  the  colouring  fteams,  juft  upon  turning  the  ftop-ccck,  to 
By  up  fi'om  the  cement  towards  the  top  of  the  glafs ;  and,  if  we  continued 
pumping,  the  receiver  would  grow  clearer,    and  the  colours  more  di- 
lute, poffibly  becaufe  the  aerial  and  volatile  particles  of  the  upper  part 
of  the  cement  did,  in  that  time,  fpend  themfelves  ;  and  alio,  becaufe  the 
agitation  they  received,  from  the  heat  communicated  by  the  iron,  continu- 
ally decayM.    Befides,  when  the  receiver  is  more  exhaufted,  the  want  of 
air  makes  it  more  difficult  for  fteams  to  float,  and  be  fupported  in  it. 

Bur,  for  a  farther  confirmation,  I  causM  fome  cement  to  be  put  into  a 
fmall  crucible,  warm  enough  to  melt  it;  and  conveying  this  into  a  clear  re- 
cciver,  I  caus'd  the  pump  to  be  worked :  upon  which,  it  manifeftly 
appear 'd,  that,  openmg  the  ftop-cock,  to  let  out  the  air,  the  fteams 
would  copioufly  be  thrown  about  from  the  crucible  into  the  capacity  of  the 
receiver;  and,  after  having:  play 'd  there  n  little,  fall  down  again.  But, 
in  thefe  phencwnena,  the  vividnels,  and  fometimes  the  kind  of  the* 
exhibited  colours  feem'd  much  to  depend  on  ciirumftances,  fuch  as  the  de- 
grees of  heat,  the  magnitude  and  (hape  of  the  receiver,  the  quantity  of 
air  that  remained  therein,  and  the  nature  of  the  cement  itfelf. 

4 J.  Crofsthe  ftable  trencher,  formerly  mentioned,  we  faftenM  aftjtong^^  p^^cwi. 
fpring  of  fleel,  (haped  almoft  like  the  lathe  of  a  crofs-bow ;  and  to  the  midft^  mttriHm  /» 
of  this  fpring  was  ftrongly  fix'd  on  the  outfide  a  round  piece  of  brafs,  hol-fjJJ?^*'  '^^ 
low'd  almoft  like  a  concave  buming-glafs.  To  this  piece  of  brafs, which  was 
thin,  and  about  two  inches  in  diameter,  we  fitted  a  convex  piece  of  the  femeFix-  <s. 
metal,  almoft  like  a  gage  for  a  tool  to  grind  glafles  in,  which  had  belong- 

f: 
that  different  forts  of  bodies  afford  lights  I  cular  light,  msy,  by  «ttritioti,be  broughc 
greatly  difteriug  in  colour,  force,  andv^i- 1  to  yield  no  more  thereof ;  and  that  a  con- 
gour  ;  that  the  cffeQs  of  attrition  vary  i  fiderablc  lifht  is  producible,  by  the  at- 
with  the  different  preparation  and  ma-  I  trition  of  j^afs  on  glafs,  both  in  vacu^^  in 
nagetnent  of  the  bodies  which  fuftain  it ;  |  common  air,  and  even  in  water.  JjMssb.. 
chat  bodies^  which  have  yielded  a  pani-  1  Phyfco-nucb^n.  Exf*  p.  4C— 44. 

ing 


fix  Fhjfico-mcchanicd  Experiments.       ^H 

KJi5'''*'ing  to  it  a  fquare  handle,  whereinco,  as  inco  a  focket,  was  inferted  a  fqiiare 
^^^^^  piece  of  wood,  proceeding  from  the  balls  of  a  fquare  wooden  piUar, 
which  we  made  me  of,  on  this  occafion,  infiead  of  our  vertical  cylinder. 
By  the  help  of  anothei'  piece  of  wood,  comiug  from  the  other  bafis  of  the 
fame  pillar,  the  turn-key  was  joln'd  to  this  pillar,  and  made  of  fuch  a  length, 
that  when  the  tum-kev  was  forcibly  kept  down  as  low  as  the  brafs-cover, 

I  it  was  a  part  of,  would  permit,  the  convex  piece  of  metal  juft  defcrib'd, 
.<icprcfs'd  the  concave  piece  a  pretty  way,  notwithftanding  a  vigorous  re- 
fiflancc  of  the  fubjacent  fpring.  A  little  fine  powder  ot  emery  was  alfo 
put  between  the  convex  and  concave  pieces  of  brafs,  to  make  them  fit  the 
better,  and  to  facilitate  the  motion  that  was  to  be  made  j  and,  to  the  upper 
part  of  the  turn-key  was  faften'd  a  good  wimble,  without  which,  wc  pre- 
fiun'd,  that  the  turning  of  die  key  would  not  produce  a  fufficient  motion. 
Things  being  thus  in  readinefs,  and  a  mercurial  gage  convey *d  into  the 
receiver,  we  caus'd  the  air  to  be  diligently  pump'd  out,  and  then  order'd  a 
ftrong  man  to  turn  the  wimble,  and  to  continue  to  lean  a  little  on  it,  that 
he  might  be  fure  to  keep  the  turn-key  from  being  lifted  up  by  the  fpring. 
Whilft  the  man,  with  much  agility  and  ftrength  was  moving  the  wimble,  I 

Nwatch'd  the  gage,  to  obferve,  whetlicr  the  agitation  of  the  llop-cock,  and 
'.  confequently  the  engine,  did  not  prejudice  the  experiment ;  and  for  greater 
■caution,  I  caus'd  the  pump  to  be  almoll  all  the  while  kept  working.  When 
the  man  was  almoftout  of  breath,  we  let  in  the  air  at  the  cover  of  the  re- 
ceiver, by  lifting  up  the  turn-key  j  and  nimbly  removing  the  receiver,  wc 
.felt  both  the  pieces  of  brafs,  betwixt  which  the  attrition  had  been  made, 
■  and  found  them  very  fenfibly  warm. 

We  afterwards  caus'd  the  man  to  lay  hold  of  the  wimble  again,  when, 
by  the  gage,  it  appeard,  that  the  receiver  was  well  exhaufted;  fo  that  by 
further  pumping  the  quick-lilver  feem'd  not  to  be  further  deprefs'd.  Anti, 
in  this.,  fecoud  trial,  when  wc  did,  as  before,  haftily  let  in  the  air,  and 
take  Dttc  the  bodies  that  had  been  rubb'd  againft  one  another,  they  were 
both  of -them,  efpecially  the  uppermoft,  fo  hot,  that  I  could  not  endure 
'.  to  hold  my  hand  on  either ;  and  they  did,  for  fome  time,  retain  a  conlidera- 
ble  degree  of  warmth.  I  alfo  caus'd  two  bodies  of  wood  to  be  turn'd, 
ibr  fize  and  fliape  like  thofe  of  brafs,  which  we  had  juft  before  employ*d ; 
ithe  upper  of  thefe  was  of  hard  oak,  the  other  of  beech :  but,  tho'  the 
■wimblewas  fwiftly  turn'd,  as  before,  by  the  fame  perfon,  the  wood  feem'd 
^  not  to  me  to  have  manifeftly  acquired  any  warmi^  ;  yet,  that  there  had 
-been  a  conliderable  attrition,  appear'd  by  the  great  polifh,  which  part  of 
rfie  wood  had  evidently  acquired  :  however,  upon  repeating  the  experiment, 
with  more  obftinacy  than  before,  the  wood,  efpecially  the  upper  piece  of 
it,  was  brought  to  a  warmth  unqucftionably  fenfibi*. 
jMt^fM  45.  Into  an  evaporating  glais,  we  put  a  convenient  qtiantity  of  water; 
/Tf**"*  andhftrii^  convcy'd  it  into  a  receiver,  and  well  drawn  out  the  air,  we  let 
down  into  ic,  by  the  turn-key,  a  large  lump  of  ftrong  lime ;  and  obferv*d  hoc, 
,  that,  at  the  firft  emerfion,  nor  for  Ibme  time  after,  there  appeard  any  confi- 
..derable  number  of  tMibbles ;  but  wkhin  about  a  quarter  of  aa  hour,  the  lime 
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began,  (the  ptrnip  conrinuing  to  be  plyM,  from  time  to  time,)  to  flake  with  ^^^^Jl^JJii^ 
much  violence,  and  with  bubbles  wonderfully  great,  appearing  at  each  ^^^^^^^ 
newexfuftion;  fo  that  the  infide  of  the  receiver,  tho*  large,  was,  at  length, 
lined  with  lime-water  \  and  much  of  the  mixture  did,  from  time  to 
time,  overflow  the  veflel,  a  great  part  whereof  was  purpofely  left  unfilled : 
nor  did  anv  thing,  but  our  weannefs,  put  a  period  to  the  bubbling  of  the 
mixture,  wnofe  heat  was  fenfible  even  on  the  outfide  of  the  receiver,  and 
continued  confiderably  hot^  in  the  evaporating  glafs,  for  a  quarter  of 
an  hour  after  the  receiver  was  removM.  The  lime,  employ'd  in  this  ex- 
periment, was  of  a  very  good  and  ftrong  kind,  made  oi  hard  ftones,  and 
not  of  chalk,  as  is  that  commonly  ufed  at  London^  which,  probably,  would 
not  have  been  ftrong  enough  to  have  afiR)rded  us  the  fame  phenomenon. 

47.  To  try,  by  means  of  our  fyringe,  formerly  mentioned,  what  weight  ;^/|^^*  *• 
a  cylinder  of  uncomprefs'd  air  included  in  it,  and  confequently  of  the  fameyow^/Bf 
diameter  with   the  cavity  of  the  barrel,  would  be  able  to  fuftain ;   ^^-^jj^^^  "^^ 
provided  a  ftable   frame,   wherein    the   Infringe     might  be    kept  firm 
and  ercft:  we  alfb  provided  a  weight  ot  lead,  fhaped  like  our  brafs- 
ring,  fe)rinerly  defcrib  d,  that,  by  the  advantage  of  its  figure,  it  might  be 
made  to  hang  down,  by  firings,  from  the  top  of  the  handle  of  the  rammer, 
and  fo  prcfi  evenly  on  all  fides^  without  rendring  the  upper  part  of  the  in- 
ftrument  top-heavy.    We  took  care  to  leave  between  the  bottom  of  the 
iyringe,  which  v/as  firmly  closed  with  ftrong  cement,  and  that  part  of  it, 
where  the  fucker  was,  a  convenient  quantity  of  air  to  expand  itfelf,  and 
lift  up  the  weight,   when  the  air  external  to  that  included,  (hould  be* 
pump  d  out  of  the  receiver.    And  laftly,  the  handle  of  the  rammer,  from 
which  the  annular  weight  depended,  was  fo  faftenM  to  the  turn-key  of 
the  cover  of  the  receiver,  that  the  weight  might  not  comprefs  the  air  in- 
cluded in  the  fyringe,  but  leave  it  in  its  natural  ftate,  till  the  air  was  with- 
drawn from  the  receiver. 

By  this  method,  the  included  air  would  lift  up  a  weight  of  ieven,  or 
eight  pound ;  yet,  when  the  rammer  came  to  be  clog^M  with  a  greater, 
the  inftrument  prov'd  not  fo  ftanch,  but  that  it  was  eafier  for  fome  parti- 
cles rf  air  to  get  away  between  the  fucker,  and  the  infide  of  the  barrel, 
than  to  raife  fo  great  a  weigjht.  But,  if  an  exaft  fyringe  can  be  procured, 
this  feems  to  be  one  of  thelikelieft,  and  leaft  exceptionable  ways  of  meafu- 
ring  the  force  of  the  atr*s  ipring. 

But,  being  unable  to  procure  fuch  a  fyringe  as  I  de&^d,  I  got  two  hoK  H^.  64* 
low  cylinders  to  be  turnM,  whofe  fides  were  of  a  fufficient  thicknefs  to 
refift  the  preflure  of  the  air  to  be  imprifonM  in  them  ;  one  an  inch 
in  diameter,  and  the  other  two :  their  depths  were  al(b  unequal,  that  the 
one  might  receive  a  much  larger  bladder  than  the  other.  With  the  lefler  of 
thefe,  I  made  a  diligent  trial ;  but  foimd  it  very  difficult  to  procure  a  blad- 
der fmall,  and  fine  enough  £>r  the  cylinder :  and  that  which  we,at  length,  pro* 
cured,  would  not  continue  ftanch  for  many  trials  ;  but,  after  a  while,  par* 
ted  with  a  little  air  in  the  welt  exhaufted  receiver,  when  'twas  cloggM  with 
the  utmoft  weight  it  could  ftiftain  :  but  whilft  it  continued  ftanch,  we  made 
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■tT''"one  fair  trial  witli  it ;  from  whence  we  concluded,  that  a  cylinder  of  air  o£^  J 
\^^  an  inch  in  diamerer,  and  lei's  than  two  inches  in  length,  was  able  vifibly  to. 
faife  a  weight  of  above  ten  pound,  avei'dnnoizs- 

At  another  time,  into  a  hollow  cylinacr  of  wood    four  inches  deep,  l 
and  two  in  dianierer,  fnrnifh'd  with  a  broad  and  fblid  body  or  pededal^  | 
we  put  a  lamb's-bladdcr  very  ftrongly  ty'd  at  the  neck ;  on  which,  we  fet  »  | 
wooden  plug,  niark'd  wicli  ink,  where  the  cd"e  of  die  cylinder  was  conti-  i 
guous  to  it ;  this  plug  being  loaded  with  weignis,  amounting  to  thirty-five 
poviiid,  the  receiver  was  exhauftcd,  till  the  mark  appear'd  very  mamfeflly 
above  the  brim  of  the  cylinder;  and  then,  tlio'  the  firing  was,  by  turning  the  I 
key,  quite  flackcn'd,  yet  the  mark  on  the  plug  continued  very  vifiblc.     And^  \ 
when  lb  much  air  was  let  into  the  receiver,  as  made  the  weight  deprefs  tlia 
plug  quite  beneath  the  mark,  upon  pumping  out  the  air  again,  the  weight  wa^ 
widioiittliehelp  of  the  turn-key,  lifted  up  ;  and  by  degrees,  allthemarkca  t 
the  plus  was  raisM  above  three  eighths  higher  than  the  edge  of  the  cylinder. 
Wherefore,  we  fubilituted  for  the  Icvcn    pound  weight,  one  o£  fourteenj, 
and  ufing  the  fame  bladder,  we  repeated  the  experiment ;  only  a  little  iup-  ^ 
porting  the  uppermoft  weight  by  the  turn-key,  till  the  bladder  had  attained 
its  expanlion  ;  and  then  the  weight,  being  gently  let  go,  deprefs'd  not  the  plug,  | 
folow,  but  that  wc  could  yet  fee  the  mark  on  it;  tho'  that  part  of  the- J 
plug  where  the  mark  was,  appear'd  nianifeftly  more  deprefs'd  than  the  other-  ] 
*ff  «p"f     4^'  W^  ^^'^^  ^  brafs-vellel,  made  like  a  cylinder,  and  having  one  of  it»a 
W  "J^f  orifices  e\aftly  cover'd  with  a  flat  plate  firmly  fatten 'd  to  it,  the  other  1 
Krf  r*]i  orifice  being  wide  open:  the  depth  of  this  velfel  was  four  inches,  and  the  ' 
j;  ""*'*■  diameter  three  and  three  quarters.    To  this  hollow  cylinder  we  fitted  a 
wooden  plug,  like  cne  of  thofe  defcribcd  in  the  foregoing   experiment; 
only  it  was  not  qnice  fo  long,  and  was  fumilhed  with  a  lip,  which  we,, 
nin';-)o(ely,  made  of  .t   ior.Iidurable  brcadtli,  that   it  might  aflord  a   ftablc 
bafis  to  the  weight  tiiat  (hould  reft  upon  it :  then,  taking  a  middle-fized. 
limber  bladder,  ftrongiy  ty'd  at  the  neck,  but  not  near  full  blown  j  we 
prelTed  it,  by  the  help  of  the  plug,  into  the  cylinder,  that  it  might  the  bet- 
ter fit  rtfclf  to  the  figure  thereof:  then,  taking  notice,  by  a  mark,  how 
much  of  the  plug  was  extant  above  the  orifice  of  the  yeflel,  we  laid  the 
weights  upon  the  plug,  whofc  lip  hindcr'd  it  from  being  deprefled   too 
deep  into  the  cavity  rf  the  vcflel ;  and,  having  convey'd  tnem  into  the  re- 
ceiver, we  found,  that  a  common  half  Hundred  weight  would  very  foon 
be  nianifeftly  raited  by  the  fpring  of  the  included  air. 
^  ***  In  another  experiment,  the  bladder  in  a  cylinder  four  inches  broad,  raifed 

75  pound  weight,  till  the  wooden  plug  difclofed  the  mark  defigu'd  to  (hew 
the  height  at  which  the  air  kept  the  plug,  before  it  was  comprefled  ;  and 
this,  viiibly,  at  the  fifch  exfuftion  ;  and  at  the  feventh,  that  mark  was  raiied. 
r-?  above  the  edge  of  the  cylinder.  In  the  gage„  where  the  mercury,  in 
the  open  air,  ufually  flood,  about  an  eighth  above  the  ugpermoft  glafs- 
mark,  it  was  deprefl'ed  an  eighth  below  the  fecond  mark  ;  and  after  we 
tet  in  tlie  air,  it  was  a  pretty  while  before  the  weight  mamfeflly  began  to 
fubfide.  The  bladder  being  takea  out^  and  the  place  it  had  pofleiTed  in  the 

cylinder 
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cylmder  being  fupply'd  witK  a  fleeve,  or  fome  fuch  thing,  and  the  weight  ^'^Jl^J^f*' 
"  taid  again  upon  the  plug ;  we  found,  that,  at  twenty-four  exfuftions,  the  ^^^^^^^^ 
mercury  was  deprefled  to  the  lo weft  mark  of  the  gage;  and  the  thirty- 
fourth,  or  thirty-fifth  exfu6lion  was  made,  before  the  receiver  appeared 
•to  be  fo  exhaufted,  bs  to  ftop  the  finking  of  the  mercury,  which  was  then 
•above  one  eighth  beneath  tne  loveft  mark-    But,  having  caufed  leaden- 
weights  to  be,  purpofely,  caft  flat,  and  as  broad  as  we  could  conveniently 
put  into  the  receiver,  that,  by  the  advantage  of  this  (hape,  we  might  be 
able  to  pile  up  the  more  of  them,  without  much  danger  of  their  being 
ibaken  down ;  we  laid  feveral  of  them  one  upon  another :  and,  then,  tl^ 
upper  part  of  the  receiver  growing  too  narrow  to  admit  any  more ;  we 
added  a  weight,  or  two,  leis  broad  ,•  when,  exhaufting  the  receiver,  till 
we  perceiv'd,  by  the  gage,  thar  the  air  was  manifeftly  withdrawn;  we 
found,  by  the  help  of  a  mark,  and  a  pait^of  ccmpafles,  the  plug  to  be  fo 
far  rais'd,  that  'twas  concluded,   the  elevation  would  have  been  much 
greater,  if  the  included  air  had  not  found  it  eafier  to  produce  fome  leak 
at  the  neck  of  the  bladder,  than  to  lift  up  fo  great  a  weight ;  which  was 
labout  a  hundred  pounds,  averdupoize. 

49.  We  weighd  a  feal'd  bubble  in  the  receiver,  and  found  it  above  half  ^•.-^*"  ^ 
a  gram  tjpavier  when  much  of  the  air  was  exhaufted,  than  when  it  was  S^^  wi"''* 
full :  afterwards,  we  took  out  this  bubble,  and  found  it  to  weigh  fixty-^ 
eight  grains  and  a  half ;  then,  breaking  off  the  fmall  tip  of  it  under  water, 
we  found,  that  the  heat,  by  which  it  was  feal'd  up,  had  rarify'd  its  in- 
cluded air,  fo  that  it  admitted  a  hundred  and  twenty-five  grains  of  wa- 
ter :  for  the  admitted  water  and  glafs  weighed  a  hundred  ninety-three 
grains  and  a  half.  Then,  fiHing  it  hill  of  water,  we  fe)und  it  to  contain. 
In  all,  fevcri  hundred  and  thirty-nine  grains ;  for  it  weigh 'd  eight  hun- 
•dred  and  feven  grains  and  a  half:  whence,  'tis  evident,  tluit  the  difterence 


wstet' 


that  fiird  it,  weighed  feven  hundred  twenty  grains  and  a  quarter :  fo  that, 
by  this  experiment,  the  proportion  of  the  weight  of  water  to  air,  is  as 
853  44  to  I. 

But  it  is  fo  defirablea  thing,  and  may  pro^  of  fuch  importance,  to 
know  the  proportion  in  weight  betwixt  air  and  water,  that  I  fliall  here 
mention  an  attempt  tl  made  to  difcover  it  byanother  way. 

A  finaH  receiver,  being  exhaufted  of  air  by  the  engine,  and  counter- 
poised ;  whilft  it  xontinu'd  fo,  the  ftop-cock  was  turn  d,  and  the  air  re- 
admitted ;  which  made  it  weigh  thirty-fix  grains  more  than  before  :  and 
this  happenM,  alfo,  upon  repeating  the  experiment. 

We,  next,  took  a  finall  glafs-receiver,  fitted  with  a  ftop-cock ;  and, 
having  exhaufted  it  of  the  air,  counterpoized  it,  and  let  in  the  out- 
ward air ;  we  found  the  wd^t  of  the  veflel  to  be  increasVi,  by  that  ad- 
miffion,  thirtji^-fix  grains.  This  done,  we  took  the  receiver,  after  having 
Well  counterpdz'a  it,  out  d  the  ibaie^  and  having  apply 'd  it  a  fecond 
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SJS^I^'timc  to  the  engine,  we  once  more  withdrew  dw:  air ;  tiod  then  ntmti:^  t&e 
ftip-cock,  to  keep  out  ttie  external  air,  wc  took  care  that  ntme  of  the  ce- 
ment employ *d  to  join  it  to  the  engine,  fliould  fttck  to  it ;  when,  weighing  it 
•gain,  we  found  it  thiny-five  grains  heavier,  than  when  *twas  latt  coun- 
lerpois'd  in  the  lame  balance.  Then  we  immers'd  the  ftop-cock  into  a 
balort  of  fair  water,  and  let  in  the  liquor,  that  we  might  find  how  much 
of  it  would  fuccccd  in  the  place  of  the  aii-  drawn  out.  When  no  more 
water  was  impell'd  in,  weturn'd  the  ftop-ccck  once  more,  to  keep  it  hoaa, 
falling  out ;  and,  then,  weighing  it  in  the  fame  fcales,  we  found  the  wa- 
ter to  be  forty-feven  ounces  three  drams,  iix  grains;  which,  divided  by 
thirty-tive  grains,  the  weight  of  the  air,  equal  in  bulk  to  this  water,  the 
quotient,  is,  nearly,  fix  hundred  and  ftfty  grains,  for  the  proportion  of 
weight  between  air  and  water,  of  ihe  fanie  bulk,  at  the  time  when  the  ex- 
periment was  made  :  the  atmolphcre  then  appearing,  by  the  barometer, 
wherein  the  mercury  flood,  at  twenty-nine  inches  three  quaners,  to  be  very 
heavy. 
T^'ji  '°'  ^^  ^°°^  *  P^''^  ^^  ^*^  round  marbles,  each  of  them  two  inches 
«r, /*/p*'«- and  about  three  quarters,  in  diameter;  and,  having  put  a  little  oil  b&- 
T^^^'tween  them,  to  keep  out  the  air ;  we  hung,  at  a  hook  faften'd  to  the 
lowcrmoft,  a  pound  weight,  to  fumount  the  cehefion  which  the  tenacity 
of  the  oil^  and  the  imperfedl  exhauftion  ot  the  receiver  might  give  them  : 
then,  having  fufpendcd  them  in  the  cavity  of  a  receiver,  by  a.  ftick  that  lay 
crofs  it,  andtlieengine  being  made  ready  to  work,  we  ftiook  it  more  ftrong- 
ly  than  we  concluded  it  would  be  by  the  operation  j  and,  beginning  to 
pump  out  the  air,  we  obferv'd  the  marbles  to  ccmtinuc  join'd,  till  it  was 
iblar  drawn  out,  that  we  fufpefted  they  would  not  feparate.  But,  at 
the  iixttench  ftroke,  upon  turniii;^  tlie  ftop-cock,  which  let  the  air  paft 
out  of  the  receirer  into  the  pump,  the  ihaking  oi  the  engine  being  over, 
the  marbles,  fpontaneouily,  fell  afunder;  tho'  they  hung  parallel  to  the  ho- 
rizon, and  adhered  very  firmly  together,  when  they  were  put  in  :  and  tho* 
a  weight,  of  above  eighty  pounds,  faften'd  to  the  lowermou  marble,  might 
be  drawn  up,  together  with  the  uppermoft,  by  virtue  of  their  ium  co- 
hefion. 

But,  fattening  to  the  lowermoft  of  the  two  marbles,  a  weight  of  a  vejy 
!7-  few  ounces,  and  having  cemented  a  capp'd  receiver,  with  the  maxbles  in 
it,  as  before,  to  the  pump  ;  we,  by  means  of  a  firing,  (whereof  one  cod 
was  tied  to  the  bottom  of  the  turn-key,  and  the  other  to  the  uppermoft 
marble,  and  paffing  thro'  the  hook  belonging  to  the  brais-cover)  and  by 
turning  round  the  key,  drew  up  the  upper  marble;  and,  by  reafon  ca 
their  coheience,  the  lowermoft,  ^fo,  together  with  the  weight  that  hung 
at  it.  Being  thus  fiire  that  the  two  marbles  ftuck  cl<^e  together,  we  begaa: 
to  pump  out  the  air  ;  and,  after  a  while,  the  marbles  fellafunder. 

But,  having  fo  order'd  the  matter,  that  the  loWer  fiOiUd  fall  but  a  Uttle 
way  from  the  other;  we  were  able,  by  inclining,  and-lllalnog  tfac  engine, 
to  place  them  together  again  :  and,  tlien,. letting  i[>the  air  haftily,  that,  by 
ks  Ipring,  it  migltt  prm  chem  hard  together  ;  we  tC/vlA  noc  only,  by 

turn- 
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ttirfting  the  key,  make  the  uppermoft  marble  take  up  the  6tl)er,  artd  the  ^^5^ii[^• 
annex'd  weight ;   but  were  obliged  to  make  a  mueh  nit)re  lab6riou$  ey,-  ^"^^r^^ 
hauftion  of  the  air,  to  procure  the  disjunction  of  the  marbles,  this  i!bcond 
time,  than  was  ncceflary  to  do  it  at  the  firft. 

And,  when  the  marbles  were  thus  afimder,  and  the  receiver  ^tliatdled, 
we  did  not  let  in  the  air,  till  we  made  them  fall  upon  one  anotliet^  las  be- 
fore ;  but  the  little  highly  expanded  air,  that  remained  in  the  receiver,  ha- 
ving not  a  fprine  near  ftrong  enough  to  prcfs  them  together,  we  very  eafi- 
ly,  by  turning  tne  key,  rais'd  the  uppermoft  marble  alone,  without  find- 
ing It  to  ftick  to  the  other.  We,  therefore,  once  more  join'd  the  marblte 
together,  and,  then  letting  in  the  external  air,  found  tliem,  afterwards,  to 
ftick  fo  ck)fe,  that  a  very  ftrong  man  could  not  Separate  them. 

5 1.  Into  a  fmall  earthen  melting-pot  of  a  cylindrical  figure,and  wdl  glaz'd,  TUt  'n'l  ^^ 
we  conveyed  a  fmall  cylinder  of  iron,  about  an  inch  long,  and  an  indi  ^|J^' JJJJJ^ 
and  a  half  in  diameter,  made  red  hot  in  the  fire^  and  having  fuddenly  ex-«>r,jZw«ii  V 
haufted  the  receiver,  wherein  we  plac'd  them,  we  let  down  a  piece  or  pa-  £,^*/25iiI^ 
per,   containing  a  convenient  quantity  of  flowers  of  fblphur,  upon  the  ^  twbo. 
heated  metal;  whereby,  the  paper  being  immediately  deftroy'd,the  mcluded 

Julphur  would  lie  upon  the  iron,  whoie  upper  part  was  a  little  concave,  to^ 
contain  the  flowers,  when  melted.  But  all  the  heat  of  the  iron,  tho*  it 
made  the  paper  and  fulphur  fmoke,  would  not  aftually  kindle  either. 

Into  a  gms-bubble  of  a  convenient  (ire,  fumifliVi  with  a  neck  fit  for  our 
purpofe,  we  put  a  little  flower  of  brinilone,  and  having  exhaufted  the 
gbls,  and  fecur'd  it  againft  the  return  of  the  air;  we  laid  it  upon  burning 
coals,  where  the  fulphur  did  not  take  fire,  but  rofe  to  the  oppofite  part  of 
the  glafs  in  the  form  of  a  fine  powder ;  and  that  part  being  turn'd  down- 
Ward,  and  laid  on  coals,  the  bnmftohe  without  kindling  rofe  again  in  the 
form  of  an  expanded  fubftance,  which,  when  removed  from  the  fire,  waS^ 
for  the  moft  part,  tranfparent  like  a  yellow  varniih. 

52.  To  examine  whether,  when  a  heated  iron  would  not  keep   ihttbteffcMty^ 
melted  brimttone  fo  hot,  as  was  requifite  to  make  it  burn,  without  air,  ot^^^J^jl^^ 
with  very  little,  it  would  yet  fuflice  to  kindle  the  fulphur,  if  the  air  had 

acccfs  to  it,  we  made  two  or  three  feveral  tiials;  and  found,  that,  i£ 
foon  after  the  flame  was  extinguifli'd  the  receiver  were  remov'd,  the  ful- 
phur would  prefently  take  fire  again,  and  fliaftie  as  vigoroufly  as  before. 
But,  we  fofpefted,  that  the  agency  of  the  air,  in  the  produftion  of  the 
flame,  might  be  fomewhat  lefs,  than  thefe  trials  would  perfiiade  j  becaufe, 
by  taking  off  the  receiver,  the  fulphur  wasnot  only  exposed  fo  frefli  air,  but 
aifo  advantaged,  by  a  fifee  liberty  for  the  aVolation  <*  thofe  fumes,  ^  hich;^  . 
in  a  clofe  vefiel  might  be  unfavourable  to  the  flame. 

And,  to  try  at  howjgreat  a  degree  of  rafifaftiOn  of  the  air,  it  was  pof- 
fiblc  to  make  fulphur  ffame,  by  the  affiftance  of  an  adventitious  heat,  we- 
repeated  the  fame  experiment;  the  pumping  being  continued  for  fcn-.e  time 
after  the  flame  of  the  melted  brimftone  feem'd^  quite  exiiijguifti'd,  tilL- 
the  receiver  was  jndg'd  to  be  very  well  exhaufted :  then,  witiioUt  ftirring 
the  glafs,  wc  v<:ry  waiily  let.  in  a  little  air;,  upon  which  we  could  per- 
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,^y^  ceive,  tho'  not  a  coiiftant  flame,  yet  Icveral  littJe  flaihes.  as  it  were,  dif- 
■^^  clofe  themfelves,  by  their  blue  colour,  to  be  fulpiiurcous  ;  yet  the  air  tliat 
had  fufficed  to  re-kindle  die  fuJphur,  was  lb  little,  that  two  exfuftions 
drew  it  out  apain,  and  put  an  en  tire  flop  to  the  phenomenon.  And,  when 
a  little  air  was  cautioufly  let  in  again,  the  like  flafhes  began  again  to  ap- 
pear i  which,  upon  two  exfuftions  more,  quite  vanifiied :  tho*,  upon  letting 
in  a  little  frefii  air,  the  third  time,  they,  once  more,  re-appear'd. 
"^^  5  J-  Having  conveniently  placed  three  or  fourgrains  of  gun-powder  in  our 
r^^  receiver,  and  carefully  drawn  out  the  air,  we  threw  the  fun-beams, 
I'i  ftyt-  united  by  a  good  burning-glafs,  upon  the  powder,  and  kept  them  there, 
for  a  confiderablc  time,  to  little  purpofe  j  till,  at  length,  the  powder,  in- 
ftead  of  taking  fire,  only  melted,  like-  a  metal.  And  tliis  was  not  the  only 
experiment  we  then  made,  which  difcover'd  a  great  indifpofition,  even  io 
gun-powder,  to  be  fir'd  in  'vacuo, 
wMff  m  54.  We  took  a  convenient  weight  ofgun-powder,  that  was  extraordinary 
5*  ftrong,  and  welt  made  ;  and,  having  placed  a  red-hot  iron  in  our  receiver, 
that  was  capable  ofholdingfixteen  pounds  of  water;  when  the  air  appeared, 
by  the  mercurial  gage,  to  have  been  well  exhaufted,  we  let  down  a  fmall 
piece  of  thin  paper,  wherein  the  powder  had  been  put,  till  it  reach 'd  the 
plate  ;  by  whole  beat,  we  hoped,  the  paper  would  be  deftroy'd,  and  the 
■,  powder  made  to  go  off.  But,  tho'  both  of  them  had  been  previoudy  well 
dry'd  hy  the  fire,  no  explofion  of  the  powder  enfued  ;  j'et  there  appear'd, 
xipon  the  iron-plate,  a  broad  blue  flame,  furprizingly  durable,  and  re- 
fcmbling  tliat  of  brimftone.  At  length,  taking  oft"  the  receiver,  we  found, 
that  the  paper,  contiguous  to  the  iron,  was,  in  part,  deftroy'd  by  the  heat; 
but  mod  of  the  grains  of  the  powder  feem'd  unalter'd,  and  retain'd  their 
difpofition  to  be  £r'd,  notwithftanding  the  confumption  made  of  their  brim- 
ftone. 

"Upon  repeating  this  experiment,  we  found  no  explofion^to  be  made  for 
.' lb  long  a  time,  that,  thinking  it  in  vain  to  wait,  we  let  in  the  air;  and, 
i-after  we  bad,  alio,  defpair'd  of  any  z&tSt  from  hence,  the  ixjwder  fud- 
*denly  went  off,  with  a  great  flalh,  and  a  confiderablc  fluke  of  the  receiver, 
that  was  yet  ftanding  on  the  engine :  which  Ihews,  that  fucb  experiments 
-flwuld  be  made  with  caution ;  for  tho*  this  receiver  would  contain  two  gal- 
lons of  liquor,  the  powder,  here  employ *d,  weigfi'd  but  one  grain. 
mtHHf  Mf  SS*  ^^°  *  ^^^^  ftrong  glafe-bubble,  we  put  a  few  fmall  corns  of  gun- 
mMfftiMmt.  powder;  anch  having  carefully  exhaufted  the  glafs,  andfecuredit  againft; 
.  the  renirn  of  the  air,  we  put  it  upon  live-coals,  fuperficially  cover'd  with 
alhcs;  by  the  beat  whereof,  the  fulphureous  ingredient  of  the  powder  was, 
in  part.  Kindled,  and  burn'd  blue  for  a  pretty  wliile,  and  with  a  flame  , 
conliderably  great ;  upon  the  ceafing  whereof,  the  powder,  which,  after 
all,  did  not  tzka  fire,  appear'd  to  have  fcnt  up,  befides  the  flame,  a  large 
quantity  ol  fulphureous  fublimate,  that  ftucfc  to  the  upper  part  of  the 
glals^  and,  being  held  againft  a  lighted  candle,  it  exhibited  uvcral  vivid 
•colours,  l^c  cbole  of  the  rain-bow. 

55.  We 
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.    5^.  Wc  took  a  fmall,  and  very  fliort  piftol,-  and  having  well  faftenM  it,  p»«jmatpici. 

with  ftrings,  to  a  great  weight,  that  was  placed  upon  the  iron-plate  ot  A!!f^\a!!!!!f 

our  engine,  we  drew  up  the  cock,  and  primed  the  pan  with  dry  powder;  ^fjimrks  effr$ 

then,  over  both  the  weight  and  piftol,  we  whelm'd  a  receiver,  capable  erf***  ^*^"*^ 

containing  two  gallons  of  liquor ;  and,  having  carefully  cemented  it  on^ 

we  caufed  the  air  to  be  diligently  pump'd  out;  having,  before,  put  in  a 

mercurial  ga^e,  to  help  us  to  difcem  when  it  was  well  exhaufted.    Laflly, 

ordering  the  pump  to  be  pUed,  in  the  mean  time,  for  fear  fomc  air  ihould 

fteal  in;  wc,  by  fliortning  a  firing  that  was  tied  to  the  trigger  of  the 

piftol,  did  all  we  could  towards  firing  of  the  powder  in  the  pan :  but  tho' 

the  pan  were  made  to  fly  open,  the  powder  did  not  go  off;  then,  letting 

in  the  air,  and  cocking  the  piftol  again,  we  drew  out  a  little  air,  to  be 

fure  that  the  receiver  was  clofely  cemented  on ;  when,  letting  in  the 

air  at  the  top  of  the  receiver,  and  ftopping  it  in,  we  putfd  the  trigger 

again :  whereupon,  tho'  there  had  been  no  ne\y  powder  put  into  the  pan, 

nor  any  left  in  it,  but  the  little  that  remained  after  the  late  trial ;  yet  tl)at 

little  readily  took  fire,  and  flafli'd  ih  the  pan :  which  made  it  the  more 

probable,  tnat,  in  the  former  trial,  foarks  of  fire  had  been  ftruck  out,  by 

the  coUifion  of  the  fiint  and  fteel.    Befides,  in  another  trial,  made,  the  fame 

hour,  in  the  fame  exhaufted  receiver,  a  fpark,  or  two,  were  feen  to  fly 

out,  upon  the  falling  of  the  cock.    It  appears,  therefore,  that,  notwith- 

flanding  the  great  indifpofition  of  gun-powder  to  be  reduced  into  flame, 

in  vacuo,  yet  even  folid  matter  is  not  incapable  of  being  fir'd  there,-  if  put 

into  a  motion  fufficiently  vehement. 

57.  The  rays  of  the  fun,  being  thrown  upon  fome  AurumfubmnanSy^l^,'  twoTMy>  tf  ' 
ced  in  an  exhaufted  receiver,  made  it  go  off,  and  violently  fcatter  about  *«*«•«  ^"'"S 
the  cavity  of  the  glafs  a  yellowifli  duft,  which  other  trials,  in  the  free  jn  ww'^ 
air,  made  us  look  upon  as  particles  of  the  gold,  that  was  the  principal 
ingrecUent  of  this  odd  compofidon. 

This  experiment  we  repeated,  long  after,  in  another  place,  with  other 


powder  had  lain  long  enough  upon  the  iron,  to  be  throughly. heated^  it 
went  off  all  together,  and  with  a  confiderable  flirfh. . 

5  S.  Upon  a  thick,  metalline  plate,  we  put  a  convenient  quantity  of  flow-*  TUmdkfcMi^^ 
crs  of  fulphur  ;  and,  having  kindled  them  in  the  air,  fuddenly  conveyed  J^'iTir/Si 
them  into  a  receiver,  and  made  hafte  to  pump  out  feme  of  the  included  jfiar.  ^ 
air ;  as  foon  as  the  pump  began  to  be  ply'd^  the.  flame  appeared  to.be fenfi-» 
bly  decay 'd ;  and  continued  lefs  at  every  exfu&ion  of  the  air  ;  and,.in  ef«- 
feft,  expired  before  the  air  was  quite  drawn  out.    And,  upon  the  fuddea. 
removal  of  the  receiver,  it  only  afforded,  for  a  very  little  time>.  fomewhat. 
more  fmoke  in  the  open  air,  than  it  appeared  to  do  before.  . 

59.  Upon  a  larger  cylinder  of  iron,  than  the  former,  made  red-hot^ 
we  let  down  a  moderate  lump  of  brimftone,  in  a  receiver  moderately  ex-^ 
haufted^  when,,  being  kindled^  it  fentup  a  gceacflaxne^.witk  large,  fumes*. 

How-^ 
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"jU^However»  we  ftill  ply'd  the  pump,  drawing  ouc,  tt^ther  with  the  air^ 
^^^  much  fu^hureous,  and  oflciifive  fmokc ;  wheieby,  thoifgh  the  flame  feem'd 
fonKwhat  gradually  impair'd,  yet  ic  manifeftly  continued  burning  much 
longer  thai\  by  the  fliort  duration  of  other  flames  in  our  receivers,  one 
could  expeft.  And  once,  particularly,  in  making  this  experiment,  the 
flame  Iflltcd,  till  the  receiver  \Pk'as  judg'd  to  be  throughly  cxhaufted  ;  and 
lonie  thought  it  fo  furviv'd  tlic  exhauftion,  tlut  it  went  not  out  for  want 
of  air-fcwd  ;  the  brimftone  appearing,  when  we  took  off  the  receiver,  ci- 
tlier  to  have  been  cotilumed  by  the  fire  that  fed  on  it,  or  to  have  cafualiy 
ran  oft"  from  the  iron,  the  heat  whereof  had  kept  it  conftantly  melted. 
rtUtfimi  60.  Having  obtain 'd  a  I'aliiie  fcirit,  which,  by  an  uncommon  way  of 
[JU"j^'"^.  preparation,  was  made  exceeding  (harp,  and  piercing,  we  put  into  a  vial, 
capable  oi  containing  three  or  four  ounces  of  water,  a  convenient  quantity 
of  new  filings  of  pure  fteel  ;  woich,  being  moiftcn'd  in  the  vial,  with  a 
little  of  the  laline  menftnium,  were,  afterwards,  drenchM  wirfi  more; 
whereupon  the  mixture  grew  very  hot,  and  yielded  large  and  fetid  fumes. 
And  fo  inflammable  was  thisfmoke,  that,  upon  the  approach  of  a  hghied 
candle,  ic  would  readily  take  fire,  and  bum  with  a  bluifti,  and  fomewhat 
greenilh  flame,  at  the  mouth  of  the  vial,  for  aconfiderable  rime  together  j  * 
and  that,  tho'  witii  little  light,  yet  with  more  ftrength  than  one  would  cftr^j 
.  fily  fufpedt. 

This  flaming  I'ial,  therefore,  wc  convey 'd  into  a  receiver,  which  be  who 
tafed  to  manage  the  pump  affirm'd,  would  be  cxhauflied  by  about  fix  ex- 
ifudlions  ;  and  the  receiver  being  well  cemented  on,  upon  the  firft  fuck,  the 
flame  fuddenly  appear'd  four  or  five  times  as  great  as  before  ;  becaufe,  as 
we  fuppofed,  upon  the  withdrawing  of  the  air,  and,  confequently,  the  weak- 
ningot  its  prelfurc,  numerous  bubbles  were  produced  in  the  menftnium; 
which  breaking,  fupply'd  the  neck  of  the  vial  with  inflammable  tteams  ;  and 
thefe,  we  thought,  tooJc  fire,  with  fome  noife.  Upon  the  fecond  exl'ufHon  of 
the  air,  the  flame  blazed  out,  as  before  ;  and  fo  it,  likewife.  did  upon  the 
-.tlurd  ;  but,  after  that,  it  went  out :  nor  could  we  re-kindle  any  fire,  by 
Juddenly  removing  the  receiver  ;  only  we  found,  that  there  remain'd  fuch  a 
ftifpofition  in  the  imoke  to  inflammability,  that  holding  a  lighted  candle  to 
-it^  a  flame  quickly  enfued. 
S^fry^  di.  Having  fo  united  hkhly  reftified  fpjrit  of  wine  with  a  pTcpMed 
SftigMHJ  metal,  that  they  would  anord  a  viflbly  ting'd  flame;  we  put  this  mix- 
j*|^y^  tare  into  a  finall  glafs  lamp,  fumilh'd  with  a  very  flender  wieck,  which 
the  mixture  would  not  hum.whilft  there  was  liquor  enough  left  tomoiftenit 
well;  and  putting  this  lighted  lamp  into  a  conrenient  part  of  a  receiver, 
able  to  hold  two  gallons  of  water,  we  made  halte  to  cement  on  the  gla& 
to  the  engine  ;  yet  found  not,  in  two  or  three  feveral  trials,  that,  after  the 
pomp  began  to  be  work'd,  fo  little  a  quantity  of  ting'd  flame  lafted  more 
■-  than  half  a  minute. 

We  alfo  obferv'd,  in  repeating  this  experiment,  that  when  the  flame 
ibegan  to  decay,  the  turn-key,  being  now  and  then  drawn  almofl:  out,  the 
:tinifd  flame  ooceUfled  a  minute  and  hal^    and  another  time  longer; 

that; 
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longer  ;  that  the  turn-key  being,  irom  the  firft,  taken  out,  the  flame  laftcd '^Jji^J^J^' 

two  minutes  ;  that,  in  the  fame  cafe,  a  pipe  being  bedded  in  the  cement,  ^-^▼^^ 

at  the  bottom  of  the  glafs,  and  open  at  ootfa  ends,  each  almoft  as  big  as 

the  orifice  filled  by  the  turn-key,  the  ting'd  fpirit  fcem'd  to  burn  as  if  the 

flame  would  have  lafted  very  long,  had  we  permitted  it  ^  and  laftly,  that 

the  orifice,  at  the  top,  being  flopp^i  with  the  turn-key,  tho'  the  pipe  wer^ 

Idft  open  at  the  bottom,  it  plainly,  in  a  Ibart  time,  leem'd  greatly  to  de-^ 

cay,  and  ready  to  expire  \  but  caufing  one  to  blow  in  gently  at  the  pipe, 

with  a  pair  of  bellows,  tho'  this  did  not  keep  the  flame  vi^rous,  yet  it 

continued  alive  for  above  four  minutes ;  and  then  obferving  it  to  be  mani- 

feftly  ftronger  than  it  was,  when  we  began  to  refrefh  it  with  the  bellows, 

we  ceas'd  from  blowing,  imd  found,  that  tho'  the  glafs  pipe  was  ftill  Mc 

open,  vet,  within  about  one  minute,  the  flame  entirely  vanifh'd. 

.    6%.  tminent  writers,  both  ancient  and  modern,  tell  us,  without  fcru-^  Hmw  M«^*<f 

pie,  thatnaptha  and  camphire  will  burn  under  water,'   but  I  had  never  *'*' ****"' 

the  good  fortune  to  fee  them  do  fb  ;  and  doubt,  thefe  writers  deliver  not 

what  they  aflirm  from  experience.  And  tho\  in  celebrated  authors,  I  have 

met  with  many  compoflrions,  that  will  not  only  bum  under  urater,  but  be 

kindled  by  it ;  yet  I  found  thofe  I  have  had  occafion  to  confider,  to  be  fb 

lamely,  or  fb  darkly,  and  fome  of  them,  I  fear,  fb  falfely  £&:  down,  that  by 

the  following  compofition,  how  flight  foever  it  may  feem,  I  have  been  aUe 

to  do  more  than  with  things  they  fpeak  very  promiiingly  o£ 

We  took  of  ran-powd^,  three  ounces ;  <tt  well  buniVl  charcoal,  one 
dram  ;  of  good  lulphur  or  flower  of  brimftone,  half  a  dram ;  of  choice  falt-^ 
peter,  a  dram  ana  half :  thefe  ingredients  being  reduced  to  powder,  and 
diligently  mix'd  without  any  liquor,  we  fill'd  a  large  goofe-quiU  with  it ;  '^- 

for  the  kindling  whereof,  the  open  orifice  of  the  dnill,  or  pipe,  was  care- 
fully ftopp'd  with  a  convenient  quantity  of  the  fame^'  made  up  with  at 
little  chymical  oil,  or  water,  as  would  bring  ic  to  a  fit  confiftence.  This 
wild-fire  v^  kindled  in  die  air ;  and  the  quill,  together  with  a  weight 
to  which  'twas  tied,  to  keep  it  from  afcending,  we  flowly  Jet  down  to  a 
convenient  depdi^  under  water ;  where  it  would  continue  to  burn,  as  ap- 
peared by  the  great  fmoke  it  emitted,  and  other  figns,  as  it  <Ud  in  the  air ; 
becaufe  the.ffaape  of  the  quill  kept  the  dry  mixture  from  being  acceffible 
to  the  water,  at  any  other  part  than  the  orifice  ;  and  there  the  fheam  of 
fired  matter  iflucid  out  witn  fiioh  iriolence,  as  inceifantly  beat  off  the  neigh- 
bouring water,  and  kept  it  from  entering  into  the  cavity  that  contam'd 
die  mixture,  which,  therefore,  would  continue  burning,  oil  'twas  confu- 
med. 

6^.  In  trying  to  kindle  a  combuftible  fubflance,  in  our  exhaufled  recei- j*  ojdpbem* 
ver,  it  happen 'd  to  fall  befide  the  iron,  whereby  our  intended  experiment  JJ»^<j^^    ^ 
was  defeated ;  but  whilfk  we  were  confidering  what  was  to  be  done  on  this  uT^wSo?  "^ 
occafion,  and  had  not  yet  let  in  the  air,  nor  brought  in  the  lights  that 
were  removed  out  of  the  room,  we  were  furprized  to  fee  fbmething  bum 
tike  a  pale,  bluifli  flame,   almc^l  in  the  midft  of  the  cavity  of  the  receiver  ; 
and,  at  firil,  fuipedled  it  to  be  feme  decepuon  of  die  fight:  but^/ill  the  by- 
,    Vol.  IL  Xxx  fkahders 
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•j;^;^- ftandcrs  perceiving  it  alike,  and  obferving  that  it  grew  very  broad,  we 
~^^  look'd  at  it  wiLh  great  attention,  and  found  it  to  laft  much  longer,  tbin  I 
remeniberto  have  feen  any  flame  in  an  exhaufted  receiver.  I  fiiould  have 
I  expedled  that  it  proceeded  from  fome  brimftone  fticking,  uiiobferv'd,  to  a 

part  of  the  iron  we  had  formerly  employ 'd  to  kindle  fulphur,  had  we  not, 
'  juft  before,  kept  it  red-hot  in  the  fire.    But  tho'  we  much  wonder'd  whence 
I  this  flame  proceeded,  we  did  not  haften  its  cxtinflion  ;  and  at  length,  when 

I  it  expired  of  itfelf,  we  let  in  the  air,  and  peiceiv'd,  upon  the  conca*-c    part 

I  of  the  iron,  which  we  judg'd  to  be  the  place  where  the  flame  had  appcar'd, 

a  piece  of  melted  metal,  fuppofed  to  have  been  faften'd  to  the  Itring  where- 
to the  fewel  we  defign'd  to  kindle,  had  been  tied,  in  order  to  let  it 
down  the  more  eafily  ;  and  this  made  us  conceive,  that  the  ftrin?  happen- 
ing to  be  burned,  by  the  exceffive  heat  of  the  iron,  the  piece  of  metal  fell 
into  the  cavity  of  it ;  and,  that  by  the  fame  heat,  themore  combuftible  part, 
which  the  chymifts  call  the  fulphur,  was  melted,  and  kept  oa  fire,  and 
continued  burning,  as  we  have  related.  The  piece  of  metal  was  judg'd  to 
be  lead,  but  having  not,  formerly,  obferv'd  fuch  a  difpofition  in  lead,  to 
be  inftam'd,  I  contider'd  it  attentively,  and  perceiv'd,  that  'twas  Ibme 
fragment  of  a  mixture  of  lead  and  tin,  tliat  I  caits'd  to  be  melted  in  a  cer- 
tain proportion.  Upon  this  account,  it  feems,  the  mixture  of  the  in- 
gredients had  acquired  fuch  a  new  texture,  as  fitted  the  mafs  to  ailbrd  this 
I  odd  phenomenon  j    which  argues,  that  there  may  be  flames  of  metalline 

I  iulphurs  produced  as  eafily,  without  the  concurrence  of  the  air,  as  that  of 

"  common  fulphur;    and  continue  to  burn  longer  than  that  in  our  va- 

caum. 
M^LSTriifc     ^^:  Having  placed  our  cylindrical  plate  of  iron,  firft  brought  to  bered- 
Sii.i</ ia  «- hot,  in  a  receiver,  capable  of  containing  two  gallons  of  water  ;  and  having, 
"**•  alfo,  diligently  pump  d  out  the  air,   we  kindled  a  little  fulplmr,  upon   the 

heated  plate;  and  then  apiece  of  dry 'd  fpunck,  tied  to  a  ftring,  was  let 
down  to  the  flame.    When  the  experiment  was  finifii'd,  and  the  Ipunck  ta- 
ken out}  we  found  it,  in  feveral  places,  not  manifeftly  alter'd  £o  much  as 
in  colour ;  and,  in  thofe  parts  that  had  been  moft  expos'd  to  the  flame,  it 
was  tum'd  to  a  fubftance  very  difterent  from  afhes ;  being  black,  and  brit- 
tle as  tinder,   and,  like  that,  exceedingly  difpofcd  to  kindle,  upon  the 
touch  of  fire. 
AMumpu       (5;.  Into  the  fame  receiver,  we  convey'd  the  fame  'cylindrical  plate  of 
j*^^*.    iron  ;  and,  when  the  air  had  been  thoroughly  pump*d  out,  we  let  a  piece 
wfttaStvT  oi  fuch  brimftone  down  upon  the  hot  iron,  ax  would  there  kindle  with 
^*"''  the  heat.     A  little  above  this  fulphur,   we  iiad  tied  to  the  fame  ftring,  a 

piece  of  camphire  ;  that  bang  a  body  exceedingly  apt  to  take  fire,  or,  as  it 
were,  to  draw  it  at  the  flame  of  lighted  bnmftone  :  but  oiu:  fulphur,  melting 
with  the  heat  of  the  iron,  dropp'd  from  the  ftring 'twas  faften'd  to.  As 
foon  as  it  came  to  the  bottom,  where  it  was  diftant  from  the  vehement 
heat  of  the  metal,  the  flame  expired  ;  but  a  part  of  it,  that  happen'd  to 
flick  to  the  fide  of  the  iron,  was  inflamed  by  it,  and  the  flame  reach'd  the 
camphire,  without  being  able  to  make  it  blaw. 

We, 
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Wc,  alfo,  attempted  to  kindle  one  piece  of  fulphur  in  vacuo^  by  the  flame  f  ^SS^'^!' 
of  another,  tied  a  little  lower  on  the  fame  ftring,  that  it  might  firft  touch  ' 
the  heated  iron,  and  be  thereby  fet  on  fire  ;  but  tho'  we  could  find  no- 
thing amifs  in  the  kind  of  fulphur,  we  then  ufed,  yet  we  were  not  able, 
even  by  a  repeated  trial,  to  make  it  take  fire  upon  the  iron  ;  where,  ne- 
verthelefs,  it  melted,  and  feem'd,  a  little  to  boil.  . 

A  third  trial  was  not  fb  unfuccefsf ul ;  for,  having,  in  the  receiver,  welt 
exhaufted,  let  down  a  card-match,  upon  a  very  hot  iron,  the  lower  ex- 
treme of  it  was  kindled  thereby.  But  thoi^h  the  fulphurated  part  of  the 
match  thus  flamed  away,  yet  the  remaining  part,  which  was  a  mere  piece 
of  card,  was  not  thereby  tumM  into  flame  ;  nor,  in  moft  places,  fo  much 
as  fenfibly  fcorch'd,  or  black'd,  though  it  had  been  purpofely  dry'd  be- 
fore-hana. 

•  66.  Upon  a  paper,  laid  on  a  convenient  part  of  the  plate  of  the  engine,  ij/jTj'^*'* 
we  made  a  train  ot  dry  powder,  as  long  as  the  glafs  would  well  cover  ;  \Z  ^nJ^- 
then,  carefully  fattening  on  the  receiver,  we  exactly  pump'd  out  the  air  :***r^»***» 
which  done,  we  took  a  good  buming-glafs,  and,  about  noon,  caft  the  fun- 
beams  thro'  it,  upon  a  pait  ci  the  train  ;  but  the  indifpofition  of  the  pow- 
der to  fire  was  fo  great,  that  it  fmoked,  and  melted,  without  going  oflf. 
We  afterwards  employed  a  thinner,  and  more  tranioarent  receiver,  which 
fo  little  weakened  the  fun's  rays,  that  being  kept  obmnately  upon  the  fame 
part  of  the  train,  they  were  able  to  fire  fcveral  parts,  one  after  another, 
tho'  they  could  not  caufe  the  flame  to  propagate  ;  only  thofe  parts  that  were 
melted,  did,  at  length,  kindle,  and  fly  away,  leaving  the  reft  unaltered  :  fo 
that  I  found  feveral  little  mafles  of  diflblved  matter,  in  feveral  parts  of 
the  train,  with  the  powder  unchanged  in  all  the  others.  And  fome  of  thefe 
maffes  were  contiguous  to  grains  of  the  powder,  which  both  appeared  un- 
changed, and  kindled  readily,  and  flalh  d  all  away,  as  foon  as  I  caus'd  the 
buming-glafs  to  be  applied  to  them  in  the  open  air. 

67.  For  farther  confirmation  of  fo  odd  an  experiment,  I  fhall  add,  that  to 
try  whether  by  the  help  of  one  of  thofe  little  inffaniments,  wherewith  the 
ftrength  of  powder  is  commonly  examined,  we  could  find  any  difference 
made  by  the  abfence  and  prefence  of  the  air,  in  the  refiftance  of 
the  inftrument,  or  the  e£k£ts  of  the  powder  on  it;  we  faftenM  it 
to  a  competently  heavy,  and  commodioufly  ihaped  weight  of  lead :  and 
when  'twas  carefully  fill'd,  and  primed  with  powder,  we  placed  it  in  a 
receiver  of  a  convenient  bignefs ;  whence  we  pumpM  out  the  air  after  the 
ufual  manner,  tho',  perhaps,  with  more  than  ufual  diligence.  But  tho', 
at  length,  after  the  powder  had  long  refitted  the  beams  of  the  fun,  thrown 
on  it  by  a  good  double  convex-^fs,  it  took  fire  at  the  touch-hole,  and  fill'd 
the  receiver  with  fmoke ;  yet  this  kindled  powder  could  not  propagate  the 
flame,  to  that  which  was  in  the  box,  how  contiguous  foever  the  parcels  were 
to  one  another  :  though,  when  the  inttrument  was  taken  out  mto  the  air, 
where  the  touch-hole  appeared  to  be  free  ;  as  loon  as  ever  new  priming, 
with  the  fame  fort  of  powder,  was  put  in,  the  whole  very  readily  went  off. 
4 And  when  we  cays'd  the  inffaiunent  to  be  new  duurged  }   fmdj  upon  its  . 

X  X  X  a  firing 
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*JJ*J*P^- firing  only  at  the  touch- hole  in  the  exhaufte*!  receiver,  order'd  newpnmtng 

*^  to  be  added,  without  fo  much  as  takin^^  tite  in&rumcnt  out  of  thegUfsj 

tho',  afterwards,  this  was  clos'd  again,  but,  without  bejng  cshaitfted,  the 

i  powder,  clofely  ftiiit  up  in  the  glais,  readily  went  ott';  as  v/ell  that  which 

was  ill  the  box,  or  cavity,  of  the  powder-tryer,  as  that  whicli  lay  on  the 
I  outward  part  of  it.     And  this  experiment  was  repeated,  with  the  like 

liiccefs. 
-u»  di^irtia        68.  A  few  corns  of  eiin-powder,  being  included  in  a  \'ery  fmall  babble, 
^'^' ^*,;'5;,  &ecd  from  air,  and   feciired  againft  the  return  of  it,  and  then  apply 'd 
itiJit gHi-fov-  warily  to  coals  cover'd  with  afliei,  did  neither  go  off,  nor  bum  j  but  af- 
,r  a  wm.    f^j-j^j  „  ij^dg  yfHow  powder,  that  feem'd  to  be  fulphur,  fublimed  ro  the 
upper  part  of  the  glafs.    But  two  ki^r  bubbles,  tho'  ftrong,   whereof 
one  had  the  air  but  in  part,  and  the  other  totally  evacuated,  being  proii- 
ded,  each  of  them,  with  a  greater  quantity  of  powder  ;  a  while  afrer  they 
were  pot  upon  quick -coals,  they  were  both  blown  to  pieces,  with  a  re- 
port almoft  like  that  of  a  mufquet :  but,  tho'  this  was  done  in  a  dark 
place,  j'et  we  did  not  perceive  any  real  flame  produced. 
raptriif^:         69.  We  put  a  fpoonful  of  tughly  rectify 'd  fpirit  of  wine,  into  a  fraaU 
rt'S*fctw'«r  gl*fs-lainp)  conveniently  fliaped,  and  purpofdy  blown,  with  a  yery  fmaU 
ir,  Mi  tbt     orifice,  at  which  we  thruft  in  a  flendcr  cotton-wieck  ;  wr,  alfo,  prm'ided 
1"^  «.«/.*(  *  ^^i"  glafs-receiver,  in  length  eighteen  inches,  that  coucain'd  above  twenty 
•nd,  fifji,  "<    pints  of  water.    This  receiver,  which  was  open  at  both  ends,  had  its  up- 
iS^Jt'ifc!"'  per  orifice  cover'd  with  a  brafs-plate,  feiften'd  on  very  clofe  with  good 
lf*»^J>"'' </ cement  J  and,  fiir  the  lower  orifice,  whicli  was  far  the  wideft,  we  had 
^"^  provided  a  brafs-plate,  furnifli'd  with  a  competent  quantity  of  the  oemcnt 

we  employ 'd  to  keep  the  air  out  of  the  pneumatical  engine  ;  by  means 
whereof,  we  could  fufficientiy  clofe  the  lower  orifict*  of  our  receiver,  and 
hinder  the  air  from  getting  in  at  it.  We,  then,  lighted  up  the  fmall  glafs- 
lamp,  and  placed  it,  together  with  a  green-finoi,  upon  the  brafs-plate; 
and,  in  a  trice,  faAen'd  it  to  the  lower  orifice  of  the  lecdTer,  and  then 
watch *d  the  event ;  which  was,  that,  within  two  minutes,  the  flame,  af- 
ter having,  feveral  times,  almoft  difappearM,  was  urteriy  e^inguiih'd: 
but  the  bird,  tho',  for  a  while,  be  feem'd  to  cioie  his  eyes^  as  tho'  he 
were  fick,  appear'd  lively  enough,,  at  the  end  of  the  third  minute,  when  I 
caQs'<.l  him  to  be  taken  out. 

After  he  had,  by  being  kept  in  the  free  air,  recovcr'd,  .and  refrefti'd. 
himfelf,  the  former  trial  was  repeated;  *od,  at  the  end  of  thcfecond 
minute,  the  flame  of  the  lamp  went  out:  but  the  bird  ieem'dnotto 
be  endanger'd,  by  being  detain  d  a  while  longer. 

After  this,  we  put  in,  with  the  fame  bird,  two  lighted  lamps  ac  once, 
whofe  flames  laftea  not  one  whole  minute,  before  they  went  out  CMether  ; 
but  the  bird  appear'd  unhurt,  after  having  been  kept  five -or  fix  times  as 
long,  before  we  took  otf  the  receiver. 

&  the  tall  receiver,  above-mention'd,  we  hiohided  a  nwofe,  wkh  a 
fightedlamp,  fiU'd  with  the  fpiric  <^  wine  j  bat,  bribre  the  experiment  wac 
MHfeik3)*4  thciB«i^>  bai%  ac  libeny  witbn  the  {!•&»  made  fliift  eo 
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extmguifii  the  flame ;  which,  bcine  revived,  without  taking  out  either  the  ^'*j;yjf[" 
lamp,  or  the  animal,  the  fpirit  of  wine  burned  about  a  minute  longer ;  ^^^rXJ 
during  which  time,  the  moufe  appeared  not  be  grown  fick,  no  more  than 
when,  for  fbme  minutes  after  tneextinftion  of  the  flame,  he  had  been 
kept  in  the  iame  clofe  and  infef^ed  air. 

We,  afterwards,  placed  the  fame  moufe  in  another  receiver,  which 
feemM  lefs,  by  a  third,  than  the  former ;  and  in  it  we,  alfo,  fix'd  a  piece 
of  flender  wax-candle,  which  continuM  burning,  in  this  receiver,  but  for 
one  minute ;  and,  during  that,  it  emitted  much  fmoke :  the  animal,  ne« 
verthelefs,  appeared  lively,  even  after  we  had  kept  him  much  longer  in 
that  infeAed  air.  And  the  fame  candle,  without  being  taken  out,  was. 
lighted  again,  but  burned  not  fo  long  as  before ;  yet  it  Tufficed  to  darken 
tte  receiver,  and,  therefore,  probably,  much  clogg'd  the  included  air :  in 
which,  neverthelcfs,  the  moule  being  kept  for  eight  or  ten  minutes  longer, 
he  appeared,  neither  when  taken  out,  nor  a  while  before,  to  have  receivM 
any  confiderable  harm  from  his  detention. 

70.  We  included  a  green-finch,   and  a  piece  of  lighted  candle.  In  atbednrMtjonoi 
great  capped  receiver,  capable  of  containing  two  gaUons  of  water,  and  very  ^I^^ly 
earefuUy  cemented  on  to  the  pump  :  in  this  glais,  we  fufFer'd  the  candle  to  tbs  inrmtkn  tf 
bum,  till  the  flame  expired,  which  it  did  within  lefs  than  two  minutes ;  ^J^^'SJi;^ 
whilft  the  bird  feem'd  to  be  in  no  danger  of  fudden  death  \  and,  tho'  kept  Ttcao. 
a  while  longer  in  that  doegM  and  fmoaky  air,  he  appeared  well,  when  the 
receiver  was  removed.    We,  afterwards,  put  the  lame  bird  into  the  rer 
ceii'er,.  with  a  piece  of  a  fmall  wax-taper;  whofe  flame,  tho'  it  lifted '» 
longer  than  the  other,  yet  the  bird  out-livM  it :  and,  'twas  judged,  he 
would  have  done  fo,  tho'  the  flame  had  been  much  more  durable.    After 
this,  we  included  the  fame  bird,  with  the  former  candle,  in  the  receivei^ . 
which  we  had  causM  to  be  often  blown  into  with  a  pair  of  bellows,  to 
drive-  out  the  fmoke,  and  infedled  air ;  and,  then,  beginning  to  pump^ 
we  ft)tmd,  that  the  flame  began  to  decay  more  fuddenly,  and  the  bird  to  - 
be  much  more  difcomposM,  than  in  the  former  experiments :  but  ftill  he* 
furvivM  the  flame,  tho  not  without  convulfive  motions. 

We  r^ated  the  experiment  with  a  piece  of  wax-taper,  and.the  fanie 
bird,  which,  tho'  caft  into  dangerous  fymptoms^  upon  the  gradual  evacu^ 
ation  of  the  air,  out-liv'd^  not  only  the  flame,  but  the  fmoke  too,  that 
iflued  from  the  kindled  wieck ;  a  circumftance  that  was,  alfo,  obferv'd  in 
the  preceding  trial.    Laftly,  having  freed  the  receiver  from  fmoke,  and . 
fupply'd  it  withfrefli  ah:,-  we  put  in,  with  the  fame  bird,  a  piece  of  char- 
coal, of  about  two  inches  in  length,  and  half  an  inch  in  breadth,  which^ 
juft  before,  had  been  well  blown  with  a  pair  of  bellows  j  immediately 
pumping  out  the  air,  till  none  of  the  fire  could  be  difcern'd,  and  till  it. 
feem'd  irrecoverable,  by  the  admilfion  of  the  outward  air  ;  which  beinj^. 
afterwards,  admitted^  the  bird  was,  indeed,  very  fick,  yet  capable  ota 
very  quick  recovery.    And  this  experiment  we,  with  the  faxne  animal^ . 
ana  re-kmdled  coalj  made  over  again^  with  «he  ia»e  fttcceis» 
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^ic.  y,_  We  took  two  glow-worms,  that  Ihone  vividly,  efpecially  one  of 
C^  tlieni,  wlicfi:  light  apf.car'd  Itrong,  and  ting'd,  as  if  it  had  been  tranf- 
fr  J.«l-  mined  thro'  a  blue  glafs  ;  thefc  wc  laid  upon  a  little  plate,  which  wc  in- 
'"*'' ""  eluded  in  a  iinaU  receiver,  of  finer  glafs  than  ordinary;  and,  having  re- 
niov'd  the  cardies,  that  no  other  lieht  might  obfcure  that  of  the  infcils, 
we  waited  in  the  dark,  till  it  was  confpicuous,  and  then  order'd  the  air 
to  be  pump'd  out  j  and,  upcn  the  very  firft  exfuflion,  there  began  to  be 
a  diminution  of  the  light,  which  grew  gradually  dimmer,  as  the  air  was 
more  withdrawn ;  tiU,  at  length,  it  quite  dilappear'd.  This  darknefs, 
having  been  fufler'd  to  continue  a  long  while  in  the  receiver,  we  let  in  the 
air  again,  whofc  nrcfcnce  rcflcr'd,  at  Icaft,  as  much  light  as  its  abfence 
had  dcpriv'd  us  of.  This  experiment  was  repeated,  with  the  addition  of 
one  more  of  thofc  infefts ;  when  they  all  three  gradually  loft  their  light,  by 
the  exhauftion  cf  the  receiver,  and  regain'd  it,  by  the  return  of  the  air. 
And  here  wc  let  in  the  air  by  degrees,  and  with  an  interval  or  two;  and 
obforv'd,  that  as  the  light  was  gradually  dimini(h*d,  upon  withdrawing 
the  air ;  fo  the  returning  fplendor  was  gradually  increas'd,  as  wc  let  more 
in  upon  the  worms. 

71.  'Tis  known,  that  if  glow-worms  be  kill'd,  whilft  they  are  fiiining, 
their  luminous  matter  may  continue  to  ftiine  long  after  'tis  taken  out  of 
their  bodies.  And,  having  put  fbme  of  that,  we  took  out  of  the  fore- 
mention'd  infcfts,  upon  a  little  paper,  and  included  it  in  the  receiver  we 
employ'd ;  the  candles  being  remov'd  ;  we  perceiv'd  it  to  fliine  vividly,  be- 
fore the  pump  was  fetonwork;  and,  afterwards,  to  grow  dimmer,  by 
degrees,  as  the  air  was  exhaufted,  till,  at  length,  it  quite  vanifh'd  :  but  it 
re-appear*d  immediately  upon  the  air's  return.  This  experiment  was  re- 
peated twice  move,  with  the  fame  fuccefs.  But  we  took  notice,  that  the 
luminous  matter,  after  the  air  was  let  in,  fecm'd  not  only  to  have  regiin'd  its 
former  degree  of  light,  but  to  have  acquir'd  a  greater ;  as  it  once  happen'd, 
alfo,  in  the  experiment  made  on  the  living  worms.  It  was  fomewhat  ftrange, 
to  obferve,  that  fo  very  fmall  a  quantity  of  air,  as  we  at  firft  let  in,  before 
the  light  relived,  was  fufficient  to  make  it  become  plainly  vifible,  tho'  dim  : 
in  which  ftate  it  continu'd,  till  we  thought  fit  to  admit  more  air. 

73.  Having,  at  another  ^me,  procured  two  more  of  thofc  infcfls, 
whereof  one  was  judg'd  to  be  as  large  as  three  ordinary  ones;  when  we 
had  brought  them  out  of  the  country  to  London,  the  great  worm  appear'd  to 
be  dead  j  but,  finding  him  to  retain  a  confiderable  degree  of  light,  in  the 
under  part  of  his  tail,  we  put  him  into  the  fmall  receiver,  formerly  men- 
tion'd,  to  try  whether,  after  the  death  of  the  animal,  the  fliining  matter 
would  retain  its  former  properties;  and,  at  tlie  firft  ftrokc  cf  the  pump, 
.  the  light  was  not  abolifti  d,  but  continu'd  vivid :  and  fo  it  did,  when  the 
aii"  being  let  in,  and  a^ain  withdrawn,  the  trial  was  made  a  fecond  time. 
I,  afterwards,  caufed  the  receiver  to  be  exhaufted,  once  or  twice  more; 
and,  at  length,  perceiv'd,  that  the  light  began  to  diminifli,  as  the  air  was 
withdrawn  ;  and,  at  laft  of  all,  it  ib  difappear'd,  that  we  could  not  fee  it : 
but,  upon  the  re-admiffion  of  the  air,  the  light  flione  vividly,  as  before,  if 
■otnjQye  bright  This 


one 


PhyficihMechamal  Experiments.  $%J 

^his  Mpcrimcnt  was  repeated,  with  the  fame  fiiccefs^  and  both  times,  f^JISJlJ^ 
the  like  happen^  to  the  light  of  the  dead  one,  and  of  die  living  one,  that  '^^^^^^ 
we  includca  with  it ;  tho'  there  was  this  difparity  betwixt  them,  that  the 
luminous  part  of  the  dead  worm  appeared  much  larger  than  that  of  the 
liinns  one :  and  the  light  of  the  latter  was  of  a  very  greenifli  blue ;  but  of 
the  former,  a  white  yellow. 

74,  A  moufe,  weiglung  about  three  drams  and  an  half,  being  put  in  i^JxSj^ 
^..e  fcale  of  a  verv  nice  balance,  was  counterpdsM,  together  with  a  ftring^  UST!^^ 
put  about  his  neck  in  a  noofe ;  and  foon  after,  by  drawing  the  ends  of 

that,  we  ftrangled  him :  when  we  judg'd  him  quite  dead,  we  weigh'd  him 
aoain ;  and,  tho*  nothing  was  fcen  to  fall  from  him  ;  yet,  contrary  to  the 
received  tradition,  that  bodies  are  much  heavier  dead  than  alive,  we  found 
his  weight  diminifliM  about  tx  of  a  grain ;  which,  probably,  proceeded 
from  the  avolation  of  feveral  fubtile  particles,  upon  his  violent  and  convul^ 
five  ftruggljngs  in  death. 

Afterwards,  in  a  larger  balance,  nfiade  for  nice  experiments,  we  took  a 
very  young  kitten,  between  ten  and  eleven  ounces  in  weight,  and  caus'd  him 
to  be  ftrangled  on  the  fame  fcale,  wherein  he  had  been  put.  But,  being 
not  immecfiately  difpatchM,  as  young  animals  of  this  kind  are  not  eafily 
deftroy'd  far  want  of  refpirations  we  £>und  him,  by  that  time  he  was 
quite  dead,  lighter,  by  fcur  grains. 

75.  Nature,  having  fumifli'd  water-fowl  with  a  peculiar  ftrudhire  of  Ex^ umu u 
fome   vcffels   about  the  heart,    to  enable   them,   when  they    dive,  to^f^JS^ 
fufpend,  for  a  while,  the  aft  of  refpiration  under  water,  without  preju-  maUa^ 
dice;  I  thought  fit  to  try,  whether  fuch  animals,  would,  much  better  than  ^**'* 
others,  fuftain  the  want  of  the  air  in  ourexhaufted  receiver. 

We  put  a  full  grown-duck  into  a  receiver,  whereof  fhe  fill'd,  about 
a  third  part ;  but  was  unable  to  Hand  in  any  eafy  pofture  therein :  then 
pumping  out  the  air,  tho'  (he  fecm'd,  at  firft,  to  continue  well,  ibmewhat 
longer  than  a  hen  in  her  condition  would  have  done ;  yet,  within  one  mi- 
nute, fhe  appeared  much  difcompos'd,  and,  between  that  and  the  fecond  mi- 
nute^  her  convuUive  motions  encreafed  fo  much,  that,  her  head,  hang-  •  • 

ing  carelefly  down,  fhe  feemed  to  bejuft  at  the  point  of  death;  from 
which,  we  prefently  refcued  her,  by  letting  in  the  air.  And,  to  manifcft^ 
that  it  was  not  the  clofenefs  and  narrownefs  of  the  vefTel,  that  produced 
this  great,  and  fudden  change,  we,  foon  after,  included  the  £ame  bird  in 
the  fame  receiver;  andj  having  cemented  it  on  very  dofe,  we  fu&r'd  her 
to  flay,  thus  fhut  up  with  the  air,  five  times  as  long  as  before,  without  per- 
ceiving her  to  be  difcompos'd  \  and,  fhe  might,  probably,  have  continued 
longer  in  the  fame  condition. 

7d.  Having  procured  a  duckling,  that  was  yet  callow,  we  conveyed  her 
into  the  fame  receiver,  wherein  the  former  had  been  included,  and  obfer- 
ved,  that,  tho',  for  a  while,  fhe  appeared  not  much  diforder'd,  whilft 
the  air  was  pumping  out ;  yet,  before  the  firfl  minute  was  ended,  flie  gave 
manifeft  figns  ot  being  much  difcompofed  :  and  the  operation  being  conti- 
nued a  while  longer^  convulfive  metions  enfued  fp  Uftj  that^  bdR;>re  the 
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^^^i^ftcoftd  minute  was  expired,  we  were  obliged  to  let  in  the  air,  wMBroy 
^^^  flic  quickly  recovcr'd. 

When  tlie  receiver  was  prctt)'  well  cxhaufted,  the  included  bird,  ap- 
pcar'd  manifeftly  bigger,  than  before  the  air  was  withdrawn,  efpecially  a- 
bout  the  crop ;  tho  that  was  very  turgid  before.  VVe,  alfo,  kept  the 
fame  duckling,  in  the  fame  receiver,  very  clofc,  for  above  fix  minutes, 
without  perceiving  her  to  grow  lick  upon  her  imprifonment  j  which,  j^et 
lafted  abov-e  thrice  the  time,  that  before  fufficed  to  reduce  her  to  a  galp- 
ing  condition. 

It  not  being  intended,  that  water -fowl,  fhould,  any  more  than  other 
.birds,  live  in  an  exceeding  rarified  air,  but,  only  be  able  to  continue,  up- 
«n  occaiion,  under  water,  it  may  fuffice,  that  the  contrivance  of  thefe 
parts  relating  to  refpiration,  be  barely  fitted  for  that  purpofe. 

Vipers  being  endowed  with  lungs,  the'  of  a  different  ilru£lure  from 
tliofe  of  other  animals ;  and  their  blood  being,  as  to  fenfe,  aduallycold; 
I  thought,  it  might  be  worth  trying,  what  cifeft  the  abience  of  the  air 
would  have  upon  them. 

77.  JaK.%.  We  included  a  viper  in  a  fmall  receiver,  and  as  wcdrew 
-out  the  air,  flie  began  to  fwell,  and  afforded  us  thelc  phenomena. 

1.  It  was  a  long  while  after  we  had  left  pumping,  before  (he  began  to 
fwell,  fo  much  as  forced  her  to  gape,  which,  afterwards,  fhc  did. 

2.  She  continued,  above  twoliours  and  a  half,  in  the  exhaulled  receiver, 
without  giving  clear  proof  of  her  being  killed. 

3.  After  fte  was  once  fo  fwelled,  as  to  be  compell'd  to  open  her  jaws, 
flie  appear'd  flcnder  and  lank  again ;  and  yet,  very  foon  after,  appealed 
fwell  d  again,  and  had  her  jaws  disjoin'd  as  before. 

78.  Including  a  viper  in  a  fmall  receiver,  we  emptied  it  very  carefully  i 
when  the  viper  moved  up  and  down  within,  as  if  it  were  to  feek  for  air  ; 
and,  after  a  while,  foamed  a  little  at  the  mouth,  and  left  of  the  foam, 
fticking  to  the  infide  of  the  glafs :  her  body  fwelled,  not  conGderably,  and 
her  neck  lefs,  till  a  pretty  while  after  we  had  left  <^  pumpii^  j  but  af- 
terwards the  body  and  neck  grew  prodigioufly  tumid,  and  a  blifter  ap- 
pear'd upon  her  back.  An  hour  and  an  half  after  the  receiver  was  ex- 
naufted,  the  diftended  viper,  gave,  'by  motion,  roanifeft  Hgns  of  life ;  but, 

-  ■»!£  obferved  none  afterwards.  The  tumor  reach'd  to  the  neck,  but  did 
not  feem  much  to  fwell  the  under-jaw.  Boththeneck,  and  a  great  part  of 
the  throat,  being  held  betwixt  the  eye  and  the  candk,  were  tranfparent, 
where  the  fcales  did  not  darken  them.  The  jaws  remain'd  mightily 
opcn'd,  and  fomewhat  diftorted  ;  the  Epiglottis,  with  the  Rimula  Laryugis, 
(which  remain'd  gaping)  was  protruded  almoft  to  the  further  end  of  the 
wider-jaw.  As  it  were,  from  beneath  the  Epiglottis,  came  the  black 
tongue,  and  reached  beyond  it,  but  feemed,  by  its  pofture,  not  to  have  a- 
cylife;  and  the  mouth  alfo  was  grown  blackiih  within:  but,  the  air  being 
le-admitted,  after  twenty-three  hours  in  all,  the  viper's  mouth  was  pre- 
lently  clofed,  tho',  foon  after,  it  was  opened  again,  and  continued  long 
ib;  whilft  fcorching  or  piiiching  the  tail,  made  a  motion  in  the  whole  body, 
'that  argued  fome  life.  'j^.April 
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7P.  April  25.  We  included  an  ordinary,  harmlefs  fnake,  together  with  ^''■JJJi^'o*' 
a  gase,in  a  portable  receiver,  which,  being  exhaufted,  and  well  fecured  ^--AfnJSf^^ 
gainft  the  ingrefs  of  the  air,  was  laid  afide  in  a  quiet  place,  where  it  con- 
tinued from  about  ten  or  eleven  a-clockin  the  forenoon,  till  about  nine  the 
next  morning  :  and  then,  looking  upon  the  fhake,  though  he  feemed  to  be 
dead,  and  gave  no  figns  of  life,  upon  the  fhaking  of  the  receiver,  yet,  upon 
holding  the  ^afs,  at  a  convenient  aiftance,  from  a  moderate  fire,  he,  in  a  fhort 
lime,  manifS^ed  himielf  alive,  by  feveral  tokens  ;  and  even  by  putting  out  his 
forked  tongue.  In  this  condition  I  left  him,  and  came  not  to  look  upon 
him  again,  till  the  next  day,  early  in  the  afternoon ;  at  which  time,  he  was 
grown  paft  recovery,  and  tis  jaws,  which  were  formerly  (hut,  gaped  ex- 
ceeding wide,  as  if  they  had  been  ftretched  open  by  lome  external  vio« 
lence. 

80.  Seft.p.We  included  a  large,  lufty  firc^,  in  a  fmall  receiver,  drew  out  the  ^n^s. 
air,  and  left  her  not  very  much  fwellM,  and  able  to  move  her  throat ;  the* 
not  fo  faft  as  when  fhe  breathed  freely,  before  the  exfu£tion  of  the  air. 
She  continued  alive  for  about  two  hours,  that  we  took  notice  of,  fometimes 
removing  from  one  fide  of  the  receiver  to  the  other ;  ihe  fwelfd  more 
than  before,  and  did  not  appear,  by  any  motion  of  her  throat,  or  thoraxj 

to  exercife  refpiration  ;  but  her  head  was  not  very  much  fwell'd,  nor  her 
mouth  forced  open.  After  fhe  had  remained  there  above  three  hours,  per- 
ceiving no  fign  of  life  in  her,  we  let  in  the  air,  upon  which  the  tumid  bo- 
dy fhrunk  very  much,  but  feemed  not  to  have  any  other  change  wrought 
in  it ;  and  tho  we  took  her  out  of  the  receiver,  yet,  in  the  fr^e  air,  (he 
continued  to  appear  ftark  dead.  But,  having  caufed  her  to  be  kid  upon 
the  grafs,  in  a  garden,  all  night,  we  found  her,  the  next  morning,  perr  ^ 

fefily  alive  again. 

8 1.  June  29.  About  eleven  of  the  clock  in  the  fore-noon,  we  put  a  frog 
into  a  &all  receiver,  containing  about  fifteen  ounces,  and  one  quarter,  troy-  * 
weight,  of  water ;  out .  of  which  we  had,  tolerably  well,  drawn  the  air : 
(fo  that  when  we  turn*d  the  cock  under  water^  it  fuck'd  in'about  thirteen 
ounces,  and  one  quarter,  of  water,)  the  frog  continued,  the  receiver  being  all 
the  while  under  water,  lively,  till  about  five  of  the  clock  in  the  afternoon, 
when  fhe  expired.  At  the  firfl  fhe  feemed  not  to  be  much  altered  by  the 
exfuftion  of  tlie  air,  but  continued  breathing,  both  with  her  throat  and 
lungs. 

82.  Sept.  (S.We  included  into  a  pretty  large  receiver,  two  frogs  newly 
taken ;  the  one  not  above  an  inch  long,  and  proportionably  flendcr  ,•  the 
other,  very  large  and  hifly.  Whilft  the  air  was  drawing  out,  the  kfler  frog 
skippM  up  and  down  ver)^  lively,  and,  feveral  times,  clamber *d  up  the  fides  of 
the  receiver,  fo  that  he  fometimes  wrefted  himfelf  againft  the  fides  of  the 
glafs.  When  his  body  feemed  to  be  perpendicular  to  the  horizon,  if  not  in 
a  reclining  pofture,  he  continued  to  skip  up  and  down  a  while,  after  the 
exfuftion  of  the  air ;  but,  within  a  quarter  of  an  hour, we  perceived  him  to  lie 
flark  dead,  with  his  belly  upwarck.  The  other  frog,  that  was  very  large 
and  fbrong,  tho'  he  began  to  fwell  much  upon  withdrawing  the  air,  and 

Vo  L.  II.  Y  y  y  feemed 


'JO  Phyjico-mechankal  Experiments,  

j«*Tici.feerncd  ro  be  diftrelVd,  yet  he  held  out  half  an  hour ;  when  it  was  remarJ:- 
•"^^able,  that  rhe  receiver,  though  it  had  withftood  the  prefliire  of  the  out- 
ward airj  during  that  fpace,  rotwithftanding  a  piece  of  it  hnd  been  crack'd 
our,  but  cemented  in  again,  yet  at  the  end  of  the  halfhour,  the  weight  of 
the  outward  air  fuddenly  beat  it  in,  and  thereby  gave  the  imprifon'd  frog 
jelief. 
83.5f/'M  I.  We  conveyed  afmallfrog  into  averyfmall  portable  receiver,  and 
began  to  pump  out  the  air.  At  firft  (he  was  hvely,  but  when  the  aic  was 
■conliderably  withdrawn,  fhc  appear'd  to  be  very  much  dilquieted  ;  yet  not 
fo,  but  that,  after  the  operation  was  ended,  and  the  receiver  taken  oft',  ihe 
was  perfeftly  alive,  and  continued  to  appear  fo,  fornear  an  hour,  tho' the 
abdomen  was  very  much,  and  the  throat  lomewhat  extended ;  the  latter  ha- 
ving, alfo,  leti  oft  the  ufual  panting  motion,  which  is  fuppoled  to  argue 
and  accompany  the  refpiration  of  frogs.  At  the  end  of  about  three  hours  and 

,  a  quarter,   after  the  removal  of  the  receiver  from  the  pump,  the  air  was 

let  in  ;  whereupon  the  abdomen,  which,  by  that  time,  was  ftrangdy 
fwcU'd,  not  only  lublided,  but  feemed  to  hare  a  great  cavity  in  it,  as  the 
throat,  alfo,  proponionably  had ;  which  cavities  continued  after  the  frog 
was  gone  paft  all  recovery. 

84.  ^pril  14.  A  large  frop  was  conveyed  into  a  plated  receiver,  and  the 
air  being  withdrawn,  her  body,  by  degrees,  diftended.  The  receiver,  with 
the  gage,  was  kept  under  water  near  fevea  hours  ;  at  the  end  of  which,  I 
found  it  tight,  but  the  frog  dead,  and  exceedingly  fwell'd  :  upon  letting  in 
the  air,  fte  became  mere  hollow  and  lank  than  ever. 

5^  85.  We  took  a  kitling  one  day  old,  and  put  him  into  a  very  fmali  rccei-     ^ 

ver,  that  it  miqht  be  the  fooncr  cxhaufted  ;  and  within  about  one  minute  ^ 
after  the  air  firfi;  began  to  be  withdrawn,  the  little  animal,  which,  in  tho 
mean  time,  galped  for  life,  and  had  fome  violent  convuliions,  lay  as  dead, 
^irith  his  head  downwards,  and  his  tongue  out ;  but,  upon  letting  in  the  air, 
he,  in  a  trice,  fliew'd  figns  of  life  ;  and,  being  taken  cut  of  the  receiver, 
ouickly  recover'd.  We  then  lent  for  a  kitting  of  the  lame  litter,  which  be- 
ing put  into  the  fame  receiver,  quickly  began,  likethe  other,  to  have  convul- 
fions,  and  after  to  lie  as  dead  ;  but,  obferving  very  narrowiy,  I  perceived 
fome  little  motions,  which  made  me  condude  iiim  alive.  And  accordingly, 
tho'  we  continued  pumping,  and  could  not  perceive  that  the  engine  leaxed, 
the  kitling  began  to  ftir  again,  and,  after  a  while,  had  ftronger  and  more 
general  convulfions  than  before  ;  till  at  the  end  of  fidl  fix  minutes  after  the 
exfuftion  of  the  air  was  begun,  the  animal  feeming  quite  dead,  the  outward 
air  was  re-admitted  into  the  receiver ;  which  not  reviving  Him,  as  it  had 
done  the  other,  he  was  taken  out  of  the  veflel,  and  lay  with  his  mouth  open, 
and  his  tongue  lolling  oot,  without  any  fenfible  reipiration  and  pulfation  ; 
till  having  order'd  him  to  be  pinched,  the  pain,  or  fome  internal  motion, 
produced  oy  the  external  violence,  made  him,  immediately,  give  manifeft 
i^ns  of  life;  tho*  there  was  yet  no  fenfible  motion  of  the  Heart,  or  lungs  : 
but  afterwards  gaping,  and  fetching  his  breath  in  an  odd  manner,  and  with 
muchiitraining,  aslnave  leeaibmeftxtus'sdoj  when  cut  out  of  the  womb. 
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he,  by  degrees,  within  about  a  nuarcer  of  an  hour»  recoverM.  We,  after-  ^^JJJfi^^ 
wards,  fent  for  another,  kitten  d  at  the  fame  time  I  and  inclofii^  that,  ^-^^^^^ 
alfo,  in  the  receiver,  obfervM  the  violent  convuKions,  and,  as  it  were, 
gafping  for  breath,  into  which  he  began  to  fall,  at  the  fecond  or  third 
lucK,  ended  in  a  feeming  death,  within  about  a  minute  and  a  half.  But, 
caufing  the  pump  to  be  ply'd,  the  kitling  gave  manifeft  figns  of  life,  after 
he  had  endured  feveral  convuUions,  as  great  as  thofe  of  the  firft  fit,  if  not 
greater.  When  ieven  minutes,  from  the  bj^nning  of  the  exhaufiion, 
were  compleated,  we  let  in  the  air ;  upon  whidi,  the  little  creature,  that 
feem'd  ftark  dead  before,  made  us  fufpe£t  he  might  recover  :  but,  tho'  we 
took  him  out  of  the  receiver,  and  put  A^ua  Vita  into  his  mouth,  yet  he, 
irrecoverably,  died  in  our  hands. 

85.  To  determine  the  quantity  of  air  harboured  in  the  pores  of  ^^^^^f^^'^'r^' 
leems  as  diflSicult  as  it  would  be  ufeful.    To'fliew  how  little  the  air,  con^aiiy  tJ'rh^'dw 
tain'd  in  water,  would  appear  to  leffen  the  bulk  of  the  water,  if  it  were^  g«i*/««- 
fuflfer*d  to  fly  away  in  an  open  tube ;  we  let  it  efcape,  in  an  exhaufted  re-    ' 
ceiver,  without  any  artifice  to  catch  it :  in  which  trial,  the  water  did  not 
part  with  any  thing  of  its  bulk,  that  made  a  diminution  feniible  to  the 
eye.    We,  therefore,  endeavoured  to  make  this  lofs  vifible,  by  fome  other 
experiments. 

A  glafs-tube,  feal'd  at  one  end,  and  about  thirty-fix  inches  in  length, 
being  fiU'd  with  water,  and  inverted  into  a  glafs-vcflel,  not  two  inches  in 
diameter,  and  but  a  quarter  of  an  inch,  or  little  more,  in  depth ;  the 
glafles  were  conveyed  into  a  fit  receiver,  and  the  air  leifurely  pumpM  out,, 
and  fomewhat  flowly  re-admitted ;  when,  the  numerous  bubbles,  that  had 
afcended,  during  the  operation,  conftituted,  at  the  top,  an  aerial  aggre- 
gate, amounting  to  t4,  wanting  about  an  hundredth  part  of  an  inch. 

87.  Prefently  after,  another  tube  was  fillM  with  the  fame  water,  and 
inverted ;  when,  the  water,  being  drawn  down  to  the  furface  of  that 
in  the  vefTel,  and  the  air  let  in  again,  the  water  was  impelled  up  to  the 
very  top,  within  a  tenth,  and  half  a  tenth  of  an  inch. 

The  latter  tube  was  forty-three  inches  and  a  half  above  the  furface  of 
the  flagnant  water ;  the  air,  coUefted  out  of  the  bubbles,  at  the  top  of 
the  water,  was,  the  firfl  time,  above  three  quarters  of  an  inch ;  and  the  fe- 
cond time  we  eftimated  it,  at  one  half,  and  one  fixteenth.  The  firfl  time,, 
the  water,  in  the  pipe,  was  made  to  fubfidc  full  as  low  as  the  furface  of 
the  flagnant  water ;  the  fecond  time,  the  loweft  that  we  made  it  fubfide, 
feem'd  to  be  four  or  fi\^  inches  above  the  furface  of  the  water  in  the  open 
vdlel. 

But  the  air,  at  the  top  of  the  tube,  pofiTefs'd  more  room  than  its  bulk  ab- 
folutely  required  ;  becaufe  it  was  fomewhat  defended  from  the  preffure  of 
the  atmofphere,  by  the  weight  of  the  liibjacent  cylinder  of  water,  which, 
perhaps,  was  about  three  or  four  feet  long. 

88.  We  provided  a  clear  round  glafs,  fumifh'd  with  a  pipe,  orftem^ 
about  nine  mches  in  length ;  the  globular  part  of  the  glafs  being,  on  thi 
outfide,  about  three  inches  and  a  half  in  diameter :  the  pipe  oTthis  glaf$ 

Yyy  a  was^ 
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!?»^-  was,  wiihin  an  inch  of  the  top,  melted  at  the  flame  of  a  lamp,  and  drawr« 
^  out,  for  two  or  three  inches,  as  flender  as  a  crow's  quill,  that  the  de- 
crciife  of  rhe  water,  upon  the  recefs  of  the  air,  harbour'd  in  its  pores, 
might  be  the  more  cafily  obferv'd,  and  eftimated.  Above  this  flender  part 
of  the  pipe,  the  glafs  was,  nearly,  of  the  fame  Qze  with  the  reft  of  the 
pipe;  that  the  aerial  bubbles,  afcending  thro' the  (lender  parr,  might  there 
find  room  to  break,  and  Co  prevent  the  lofs  of  any  part  of  the  water. 
This  velTcl  being  filled,  till  the  liquor  reach 'd  to  the  top  of  the  flender 

Eart ;  where,  not  being  uniformly  enough  drawn  out,  ic  was  fomewhat 
reader  than  clfcwhere  ;  we  convey'd  the  glafs,  to-echcr  with  a  pcdcftal 
for  ic  to  reft  upon,  into  a  tall  receiver;  and,  pumping  out  the  air,  there 
dlfclofed  themfelves  numerous  bubbles,  afcending  nimbly  to  the  upper  pare 
of  the  glafs,  where  they  made  a  kind  of  froth :  but,  by  reafon  of  the 
figure  CI  the  veflel,  they  broke  at  the  top  of  the  (lender  part,  and  fo  ne»'er 
came  to  overflow. 

This  done,  the  pump  was  fuffer'd  to  reft  a  while,  to  give  the  aerial 
particles,  lodg'd  in  the  water,  time  to  feparace  themfelves,  and  emerge  ; 
when, the  pump  was  ply'd again.  Thefe  viciflitutesof  pumping,  and  reft- 
ing,  lafted  for  a  conuderable  time ;  till,  at  length,  the  bubbles  began  to 
be  very  rare  :  foon  after  which,  the  external  air  was  let  into  the  receiver  ; 
when,  it  appear'd  fomewhat  ftrange,  chat,  notwithftanding  fo  great  a  mul- 
titude of  bubbles  as  had  efcaped  out  of  the  water,  I  could  not,  by  atten- 
tively comparing  the  place  where  the  furface  of  the  water  refted  at  firft, 
(to  which  a  maik  had  been  atfix'd)  with  that  where  it  now  flood,  difcern 
the  diiFerence  to  amount  to  above  an  hair's  breadth:  and  the  chief  opera- 
tor in  the  experiment  profefs'd  he  coidd  perceive  no  difference  at  all. 

8p.  FiUiny,  a  gbfs  of  chc  fame  fhapc,  and  much  of  the  fame  bignefs  as' 
the  former,  wi:!i  clarcc-wiiie,  :ind,  plating  ir  upon  a  conifiiient  pcdtilal, 
iQ  a  tall  receiver,  we  caus'd  fome  of  the  air  to  be  pump'd  out;  where- 
upon there  emerged,  thro'  the  flender  pipe,  fo  very  great  a  multitude  of 
bubbles  darted,  as  it  were,  upwards,  as  both  pleas'd  and  futpriz'd 
us  ;  but  forc'd  us  to  go  warily  to  work,  for  fear  the  glafs  fliould  break, 
or  the  vine  overflow :  wherefore,  we,  feafonably,  left  oft"  pumping,  be- 
fore the  receiver  was  near  exhauftcd,  and  fuffer'd  the  bubbles  to  get 
away  as  they  could,  till  the  danger  was  paft  :  then,  from  time  to  time, 
we  pump'd  a  little  more  air  out  of  the  receiver;  the  withdrawing  a 
moderate  quantity  of  air  at  a  time  fufKcin?,  even  at  the  latter  end,  to 
make  the  bubbles  copioufly  and  fwiftly  afcend,  for  above  a  quarter  of  an 
hour  together. 

The  little  inftrument  made  ufe  of  in  thefe  experiments,  being  defign'd 
to  examine,  among  other  things,  the  quantity  of  bubbles  lurking  in  ieve- 
ral  liquors,  may  oe  apply 'd  to  fpirit  of  wine,  and  chymical  oils.  And 
Ibme  circumflances  of  our  trials  made  us  think,  that  jit  might  be  worth 
examining,  what  kind  of  fubftance  may  be  obtained  by  this  way  of  treat- 
ing aerial  and-fpiricuouscorpufcles. 

An 
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po.  An  oyfter,  being  put  into  a  Very  fmall  receiver,  and  kept  there  longP'^j;^*^^®** 
enough  to  have,  fucceffively,  kiird  three  or  four  birds,  or  beafts,  &c.  was  j^Jn^^/»^ 
not  thereby  kill'd,  nor,  for  ought  we  could  perceive,   confiderably  di- exbaufted  rt- 
fturb'd ;  only  at  each  fuck  we  perceived,  that  the  air,  contained  between*"'*''* 
the  two  (hells,  broke  out  at  their  commiflure  ,•  as  we  concluded  from  the 
foam  which,  at  thofe  times,  came  out  all  around  that  commiflure.    About 
twenty-four  hours  after,  I  found,  that  both  this  oyfter,  and  another,  that 
had  been  put,  at  the  fame  time,  into  the  receiver,  were  alive. 

On  the  fame  day  we  put  a  pretty  large  craw-fifh  into  a  large  re- 
ceiver, and  found,  that  tho'  he  had  been  before  injur'd  by  a  fall,  yet  he 
feem*d  not  to  be  much  incommoded,  by  being  included,  till  the  air  was, 
in  great  meafure,  pump*d  out;  and  then  his  former  motion  prefentlyceas'd, 
and  he  lay  as  dead,  till,  upon  letting  in  a  little  air,  he  foon  began  to 
move  afrelh ;  and,  upon  withdrawing  the  air  again,  he  prefently,  as  be- 
fore, became  movelefs.  Having  repeated  the  experiment  two  or  three 
times,  we  took  him  out  of  the  receiver,  when  he  appear  d  not  to  have  fuf- 
fer'd  any  harm. 

91.  Having  put  an  oyfter  into  a  vial,  full  of  water,  before  we  included 
it  in  the  receiver,  that  thro'  the  liquor  the  motion  of  the  bubbles,  ex- 
pefted  from  the  fifli,  might  be  the  better  feen,  and  confider'd ;  this  oyfter 
provM  fo  ftrong,  as  to  keep  itfelf  clofe  (hut,  and  reprefs'd  the  eruption 
of  the  bubbles,  that,  in  the  other,  forced  open  the  (hells,  from  time  ta 
time ;  and  kept  in  its  own  air,  as  long  as  we  had  occaHon  to  continue  the 
trial. 

92.  A  craw-fiCh,  that  was  thought  more  vigorous,  being  fubftituted  in 
the  place  of  the  former  craw-fi(h,  tho'  once  he  feemM  to  lofe  his  motion 
together  with  the  air ;  yet,  afterwards,  he  continued  moving  in  the  re- 
ceiver, in  fpight  of  our  pumping. 

93.  We  took  a  receiver,  (hapedalmoft  like  a  bolt-head,  containing  near-^^^M^J^^ 
a  pint ;  and  the  globular  part  of  it,  being  almoft  half  full  of  water,  we^^^^wT^ 
put  into  it,  at  the  orifice,   a  fmall  gudgeon,  about  three  inches  long; 
which,  when  it  was  in  the  water,  fwam  nimbly  up  and  down  therein  : 

then,  having  drawn  out  the  air,  fo  that  about  nineteen  parts  of  twenty, 
or  moi  e,  were  exhaufted  ,•  we  fecur'd  the  retiurn  of  the  air  from  injuring 
our  experiment 

Now  the  neck  of  the  glafs,  being  very  long,  tho*  there  appeared  nu- 
merous bubbles  all  about  the  (i(h  ;  yet  the  reft  of  the  water, .  notwith- 
ftanding  the  withdrawing  of  £0  much  air,  emitted  no  froth,  and.  but  few 
bubbles. 

The  fi(h,  both  at  his  mouth  and  gills,  for  a  long  time,  difcharg'd  fuch  a 
quantity  of  bubbles,  as  appeared  ftrange  >  and  for  about  half  an  hour^, 
when  ever  he  refted  a  while,  new  bubbles  would  adhere  to  many  parts  of 
his  body,  (as  if  they  were  generated  there)  efpecially  about  the  fins  and 
tail ;  fo  that  he  would  appear  almoft  befec  with  bubbles :  and  if,  being 
excited  to  fwim,  he  was  made  to  (hake  them  off^  he  would  quickly^  upon  a 
little  reftj  be  befet  with  new  ones^  as  before. 

Almoft 
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^,^^         Almoft  all  the  while,  he  would  gape,  and  move  his  gills,  as  before  he 

^'^^^  was  included;  tho',  towards  :he  end  of  the  time,  I  watch'd  him,  he  oftea 

neither  took  in,  nor  emitted  any  aerial  particles  that  I  could  perceive. 

After  a  while,  he  lay  almoft  conftanrly  with  his  belly  upwards  ;  and, 
yer,  would,  in  that  pofture,  fwim  briskly,  as  before.  Nay,  foon  afeer, 
be  fecm'd  to  be  more  lively  than  at  firft  putting  in. 

In  about  an  hour  and  a  half  after  he  had  been  feal'd  up,  I  found 
him  almoft  free  from  bubbles,  with  his  belly  upwards,  and  ieeming 
fomewhat  tumid,  yet  lively  as  before.  But,  an  hour  and  a  quarter  after 
that,  he  fecm'd  to  be  niovelefs,  and  fomewhat  ftltf;  yet,  upon  fliaking  the 
glafs,  obfening  faint  figns  of  life  in  him,  by  fome  languid  motions  he 
attempted  to  make,  when  excited  ■,  I  open'd  the  rcceiever,  under  water, 
to  try  if  that  liquor,  and  air,  would  recover  him  j  when,  the  external  wa- 
ter ruftiing  in,  till  it  had  fill'd  the  vacant  part  of  the  ball,  and  the  greateft 
part  of  the  flem,  the  fi(h  funk  to  the  bottom  of  it,  with  a  greater  appear- 
ance than  ever  of  being  ali\"e  :  in  which  ftatf ,  after  he  had  continu'd  a 
pretty  while,  I,  by  theliclp  of  the  water  he  fwam  in,  got  him  thro'  the 

gipe,  into  a  bafon  of  water,  where  he  gave  more  manifeft  figns  of  life. 
ut,  yet,  for  fonic  hours,  he  lay  on  one  (ide  or  other,  without   being 
able  to  fwim,  or  reft  on  his  belly,  which  appcar'd  very  much  fhrunk  in. 

All  thewhilc  he  continu'd  in  the  bafon  of  water,  tho'  he  mov'd  his  gills, 
as  before  he  had  been  feal'd  up;  yet  I  could  not  perceive,  that  he  did, 
CTcn  in  his  new  water,  emit,  as  formerly,  any  bubbles ;  tho',  two  or 
three  times,  I  held  him  by  the  tail  in  the  air,  and  put  him  into  the  water 
again  j  where,  at  length,  he  grew  able  to  lie  conftantly  upon  his  belly  ; 
tho'  that  retain'd  much  of  its  former  lanknefs.  And  he  lived,  in  the  bafon, 
eight  or  ten  days  longer;  tho'  feveral  gudgeons,  fince  taken,  died  there, 
ina  much  lefs  time. 
fav^miuh,  94.  Sept.  11,  A  fmall  bird,  having  the  abdomen  open'd  almoft  from 
j2Jr2'wr  -^^^^  ^**  flank,  without  injuring  the  guts,  was  put  into  a  little  receiver, 
iUtmf,im.  and  the  pump  being  fet  a-work,  continued,  for  fome  little  time,  without 
giving  any  figns  of  diftrefs  ;  but  at  the  end  of  about  a  minute  and  an  half 
from  the  beginning  fhe  began  to'  have  convulfive  motions  in  the 
wings  ;  and,  tho' the  convulfions  were  not  univerfal,  or  appeared  violent, 
as  is  ufual  in  other  birds  when  the  air  is  withdrawn,  yet,  at  the  end  of 
two  full  minutes,  letting  in  the  air,  and  then  taking  oft  the  receiver,  we 
found  the  bird  irrecoverable,  tho'  there  appear'd  no  notable  alteration 
iQ  the  lungs  -,  and  the  heait,  or,  at  leaft,  the  auricles  of  ic,  continued 
beating  ibr  a  while  after, 

515.  We  took,  alfo,  on  the  fame  day,  a  pretty  large  frog,  and  having, 
without  violating  the  lungs,  or  the  guts,  made  two  fuch  incifions  in  the 
abdomen,  that  the  two  curl'd  bladders,  or  lobes  of  the  Inngs,  came  out, 
almoft  totally,  at  them  ;  we  fufpended  the  frog,  by  the  legs,  in  a  fmall  re- 
ceiver, and,  after  we  had  pump'd  out  a  large  part  of  the  air,  the  animal 
ftruggkd  very  much,  and  feem'd  to  be  much  diforder'd  ;  and,  when  the 
receiver  was  well  exhaufted,  £hc  lay  ftill,  for  a  while,  as  if  flie  had  been 

dead; 
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dead ;  the  abdomen  and  thigh  being  very  much  fwell'd,  as  if  fome  rarifyM  P»«vMA^cfc 
air,  or  vapour,  forcibly  diftended  them.  But  as,  when  the  frog  was  put  in,  '^^VVJi 
one  of  the  lobes  was  almoft  full,  and  the  other  almoft  (hrunk  up  j  lo  they 
continued  to  appear,  after  the  receiver  had  been  exhaufted :  out,  upon' 
letting  in  the  air,  not  only  the  body  ceas*d  to  be  tumid,  but  the  plump -^ 
bladder  appeared,  for  a  while,  flirunk  up  as  the  other ;  and  the  receiver 
being  removM,  the  frog-  prefently  revived,  and  quickly  began  to  fill  the- 
lobe  again  with  air. 

ptf .  The  heart  of  an  eel  being  taken  out,  and  laid  upon  a  plate  of  tin,  tBt  imum  i#. 
in  a  fmall  receiver  ^  when  we   perceiv'd  it  to  beat'  there,   as  it  had  done  ^^{^f^ 
in  the   open  air,  we  exhaufted  the  veffel,  and  faw,  that  tho'  the  heart  smimJim  thg 
grew  very  tumid,   and,  here  and  there,  fent  out  little  bubbles,  yet  itjjj^*^'^ 
continued  to  beat  as  manifeftly  as  before,  and  feemed  to  do  fo  more  Iwift- 
ly  ;  as  we  tried  by  counting  the  pulfations  it  made  in  a  minute,  whilft  it 
was  in  the  exhaufted  receiver,  and  when  we  had  re-admitted  the  air,,  and 
alfo,  when  we  took  it  outoftheglafs,  and  fuffer'd  it  to  continue  its  mo- 
tion in  the  open  air.    The  heart  of  another  eel,  being,  likewife.  taken  out, 
continued  to  beat  in  the  empty *d  receiver,  as  the  other  had  done. 

97.  The  hean  of  another  eel,  after  having  been  included  in  an  exhaufted. 
receiver,  and  then  accurately  fecured  from  leaking,  tho'  it  appeared  very 
tumid,  continued  to  beat  there  an  hour ;  after  which,  finding  its  motion 
very  languid,  and  almoft  ceasM ;  by  breathing  a  little  upon  that  part  of 
the  glafs  where  the  heart  was,,  it  auickly  regained  motion,  which  I  obferv*A 
a  while ;  and,  an  hour  after,  finding  it  almoft  quite  gone,  I  was  able  to* 
renew  it,  by  the  application  of  a  little  more  warmth.  At  the  end  of  the* 
third  hour,  a  bubble,  that  appeared  to  be  placed  between  the  auricle  and. 
the  heart,  feemU  to  have,  now  and  then,  a  little  tremblings  motion ;  buts^ 
it  was  fo  faint,  that  I  could  no  more,  by  warmth,,  excite  it,  fo  as  plainl]^, 
to  perceive  the  heart  to  move:  wherrfore,  I.  fuffer'd  the  outward  air  ta 
rum  in,  but  could  not  difcem,  that,  thereby,  the  heart  r^ain*d  any  fen-.  - 
fible  motion,  tho' afllfted  with  the  warmth  of  my  breath  and  hands. 

98.  Sept.  10.  A  green-finch,  having  his  legs  and  wings  tied  taa  wejght,.iWtM«j«l 
was  gently  let  down  into  a  glafs  body  fill'dwith  water  ;  the  time  of^hisjj^?^^' 
total  immerfion  being  mark  d.  At  the  end  of  half  a  minute  after  that  time,^^^*;,  or 
the  ftrugglings  of  the  bird  &eming  finifli'd,  when  being  fuddenly  drawn  upS^^|^j«  * 
again,  he  was  found  quite  dead.  red. 

A  fparrow,  very  lufty  and  quarrelfome;  was  tied  to  the^  fame- 
weight,  and  let  down  after  the  fame  manner ;  but  tho*  he  feem*d  to  be. 
more  vigorous  under  water  thanthe  other  bird>  and  continued  ftruggling 
almoft  to  the  end  of  half  a  minute,  from  the  time  of  his  total  immerfion  ; 
(during  which,  there  afcended,  from  time  to  time,  large  bubbles  from  his 
mouth)  yet,  being  drawn  upasfoon  as  ever  the  hair  minute*  was  com* 
pleated,  we  found  him,  to  our  wonder,  irrecoverably  gone. 

99.  A  fmall  moufe,  being  held  under  water  by  the  tail,  emitted,  from  time 
to  time,  feveral  aerial  bubbles  out  of  his  mouth  ;  and,  at  laft,  as  a  fpefla- 
tor  afiurm'd,  at  one  of  tus  eye$ :  being^  taken  out^  .at  the  end  o£  hall  a  mi-^ 

nute^. 
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jJJ^'-DUtc,   and  a  few  fetonds,  he  yei  retaln'd  lonie  motions  ;  buc  they  prov'd, 

'^^  only  convulfive  ones,  which,  at  Uft,  ended  in  death. 

100.  We  fo  tied  a  confiderable  weight  of  lead  to  the  body  of  a  diick,  as 
not  to  hinder  her  rcfpiracion,  yet  keep  her  under  uMter;  which  we  had 
found  a  fmall  weight  unable  to  do,  by  reafon  of  her  ftrength  ;  and  even 
a  great  one,  if  cy'd  only  to  her  feet,  in  fuch  a  middle-fized  veflel  as  ours j 
wasi  becaufe  of  the  height  of  her  neck  and  beak.  With  this  clt^,  the 
duck  was  put  into  a  tub  full  of  clear  water,  under  the  furfacc  whereof,  Ihe. 
;      continued  quietly  for  about  a  minute  ;   but  afterwards  began  to  be  much 

?*  difturb'd  :  the  fit  being  over,  and  perceiving  no  motion  m  her,  at  die  end 
cf  the  fccond  minute,  we  took  her  out  of  tiie  water;  andj  finding  herina 
good  condition,  after  we  had  allow'd  her  fome  breathing-time,  to  recruit 
-herfelf  with  frelh  air,  we  let  her  down  again  into  the  tub,  which,  in  the 
mean  time,  had  been  rill'd  with  frefh-water ;  left  the  other,  which  had  been 
troubled  with  the  fleams  and  foulnefs  of  the  body  of  the  animal,  mighc 
either  haften  her  death,  or  hinder  our  perceiving  what  (hould  happen. 

The  bird  being  thus  under  water,  after  a  while,  began,  and,  irom  time 
to  time,  continued  to  emit  bubbles  at  her  beak.  There,  alfo,  came  out  at 
her  noftrils  feveral  real  bubbles,  from  time  to  time;  and  when  the  ani- 
mal had  continued  about  two  minutes  under  water,  Die  began  to  fti-uggtc 
very  much,  and  to  endeavour  either  to  emerge,  or  change  pofture  ;  the 
latter  of  which,  (he  iiad  libetty  to  do,  but  not  the  former.  After  four  mi- 
nutes, the  bubbles  came  much  more  fparingly from  her:  then,  alfo,  (he  be- 
gan to  gape,  from  time  to  time;  which  we  had  not  obferv'd  her  to  do  be- 
fore, but  without  emitting  bubbles  ;  and  fo  ihe  continued  gaping  till  near 
the  end  of  the  fixth  minute;  at  which  time  all  her  motions,  ibme  whereof 
were  judg'd  convulfive,  and  others  chat  had  been  excited  by  rouzing  her, 
appear'd  to  ccafe,  and  lier  Iiead  to  hang  curclelly  down,  as  if  (he  were 
qoite  dead.  Notwithftanding  which,  we,  for  greater  (ecurity,  continued 
her  under  water  a  lull  minute  longer  ;  and  then,  finding  no  li^ns  of,  life, 
we  took  her  out ;  when,  being  hung  by  the  heels,  and  gently  prefs'd  in 
convenient  places,  (he  was  made  to  void  a  confiderable  quantity  of  water  ; 
but  whether  any  of  it  had  been  received  into  the  limgs  themfelves,  we 
wanted  time  and  opportunity  to  examine.  All  the  means  we  ufed  to  re- 
cover the  bird,  proving  inefieaual,  we  concluded,  (he  had  been  dead  a  full 
minute  before  we  removed  her  out  of  the  water :  fo  that,  even  this  water- 
fowl, was  not  able  to  live  in  cold  water,  without  caking  in  frefti  air,  above 
fix  minutes. 

loi.  A  duckling,having  a  competent  weight  ty'd  to  her  legs,  was  letdown 
into  a  tub  of  water,  whicli  reached  not  above  an  inch  or  two  above  her  beak: 
during  the  moft  part  of  her  continuance  wherein,  there  came  out  nume- 
rous bubbles  at  her  noftrils ;  but  there  fcem'd  to  proceed  more  and  great- 
er, from  a  certain  place  in  her  head,  almoft  equi-diftant  from  her  eyes, 
tho'  fomewhat  lefs  remote  from  her  neck  than  they.  Whilft  flie  was  kept 
in  this  condition,  (he  feem'd,  frequently,  to  endeavour  at  diving  lower 
under  water  j  and,  after  much  fimggling,  and  frequent  gapingj  Ibe  bad,  fe- 
veral 
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i^ral<k>nvulfive  motions^  and  then  let  her  head  £U1  do wn  backward,  with  ^"Jl*^^^^ 

Imrthroat  upwards.    To  thia  moveleis  poftore  Ihc  was  redoded  at  the  end  ^"^^'^^ 

of  the  third  minute,  if  not  fboner  ;  but,  a  while  after,  there  a^>ear\i  a  ma- 

^feft  tremulous  motion  in  the  two  parts  of  her  bill ;  which  continued  for 

fome  time,  and  was,  perhaps,  convuUive :  but  this  aUb,  ceafing,  at  the 

end  of  the  £o\mh  minute,  the  bird  was  taken  out,  and  £)und  irrecove* 

rable. 

102.  A  viper,  that  we  kept  in  an  exhaufled  receiver,  till  concluded 
to  have  been  quite  dead,  was,  neverthdefi,  not  thrown  away,  till  I  had 
try'd  what  could  be  done,  by  keepins  her  all  night  in  a  glafs-body,  and 
a  warm  digeftive  furnace  :  upon  which,  this  \dper  was  found,  the  next 
morning,  not  only  reviv'd,  but  very  lively. 

We,  therefore,  put  her  into  a  tall  gla&-body  of  water,  fitted  with  a  cork  to 
its  orifice,  and  deprefs*d  it  with  a  weight,  fo  that  fhe  could  have  no  air.  In 
thisca£e,we  obferv'd  her,  from  time  to  time ;  and,  after  Ihe  had  been  ducked 
awtule,  flie  lay,  withverv  little  motion,  for  a  confiderable  time.  After 
an  hour  and  a  quarter,  me  often  put  out  her  black  tongue  :  at  the  end  of 
near  ficHar  hours,  flie  appear^  lively  ;  and,  as  I  remember,  about  that  time, 
alfo,  put  out  her  tongue ;  fwimming^  all  dus  while,  as  £eu:  as  we  obferv'd, 
above  the  bottom  of  the  water.  At  the  end  of  about  feven  hours,  or  more, 
Jhe  feemM  to  have  fome  life;  her  pofture  being  manifefUy  changed  in  the 
glais,  from  what  it  was  a  while  bdG3re.  Not  long  after,  flie  aopear'd 
quite  dead ;  her  head  and  tail  hanging  down  movelefs,  and  dire&ed  to- 
wards the  bottom  of  the  veilel ;  wlulft  the  middle  of  her  body  floated  as 
much  as  the  cork  wouki  permit  it. 

103.  In  the  generality  of  our  pneumatical  experiments  upon  animals,  it  AmmMhh$  sir 
.  fuited  with  our  purpofe,  to  rarity  the  air  as  much,  and  as  fuddenly  as  we  *']3^^2,*^, 

could  ;  but  I  had  other  trials  in  view,  wherein  an  extraordinaxv  degree  of^4(frW«** 
rari£a£lion,  yet  not  near  the  higheft  to  which  the  air  might  be  brought  by^^** 
our  engine,  feem'd  likelieft  to  conduce ;   as  particularly  to  affi>ra  fome 
Kght  in  the  nature  of  thofe  difeafes,  that  are  tnought,  primarily,  to  aflfe& 
refpiration,  or  its  organs. 

Wherefore,  having  gages,  by  help  of  which  fuch  experiments  might  be 
much  the  better  performed,  I  attempted  feveral  of  them  in  the  foUowing 
manner. 

Aug.  Id.  A  linet  being  put  into  a  receiver,  able  to  hold  about  4  pints  and 
a  half  of  water,,  the  glais  was  well  dos'd  with  cement  and  a  cover  ;  but 
none  of  the  air  drawn  out  with  the  engine,  or  otherwife.  And  tho*  no 
new  air  was  let  in,  nor  any  change  made  in  the  imprifond  air,  yet  the 
bird  continued  there  three  hours,  without  any  apparent  approach  to 
death  :  and  tho'flie  fcem'd  fomewhat  fick,  yet  being  afterwards  taken  out, 
Ihe  recovered,  and  liv*d  feveral  hours. 

iOi^.Aug.  18.  From  the  receiver above-mention*d,we  drew  abouthalfthe  air, 
whilfta  linet  wasintheglafs;  andin  thatrarified  air  (which  appear  d  by  a  gage 
to  continue  in  the  fame  ftate)  the  bird  liv'd  an  hour  and  near  a  quaner  be- 
lore  flie  feem'd  in  danger  of  death :  after  which,  the  air  being  let  in,  with* 
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^^^,^' out  taking  off  rlie  Tcceiver,  Ihe  mtmifeftly  recover 'd,  and  leipM 'tgairA  the 
^'^*^  Twc  of  theglafs  ;  andbeiitg  cakeaout  into  the  open  airj  flwnc*  ont  of  my 
hand  to  a  confiderable  diftance. 

lo^.ilr^f.?.  Into  a  receiver,  able  to  hold  about  4  pints  and  a  half  of  ■waeer, 

ve  convey  *d  a  lark,  tn^ther  wiih  a  gage,    by  the  help  whercirf  we  dre«' 

out  -,  of  the  air  ;  then  obfervme  the  bird,  we  peroeiv  d  it  to  "pant  vet^ 

much.     Having  continued  thus  for  a  htrle  above  a  minute  and  a  half,  the 

bird  fell  into  a  convulfive  motion,  that  caft  it  upon  the  back.     And  altho' 

I  we  made  great  hafte  to  let  in  tlw  air;  yet,  before  the  expiration  of  the  fe- 

!  cond  minute,  preceding  the  convulllon,  the  lark  was  gone  paft  all  rcco- 

'  very,  tho*  various  means  were  uCed  to  cffeft  it. 

106.  Sept.  p.  Prefcntly  after,  we  put  into  the  fame  receiver,  agreen- 
rfinch  ;  and  Iwving  withdrawn  half  the  air,    we  foon   be^an  to  oWerve 
I  the  bird,  and  took  notice,  that,   within  a  minute  after,  fire  appear'd  ito  ba 

i  'very  fick  ;  and,  (baking  her  head,  vomited  a  certain  iubftance  againft  the 

infide  of  theglafs.  Upon  this  evacuation,  the  bird  feem'd  to  recover, and 
icontinue  pretty  welt,  but  nor  without  panting,  till  about  the  end  of  the 
■founh  minute  ;  when,  growing  very  fick,  (he  vcmited  again,  but  much  more 
unqueftionably  than  before  j  and,  foon  after,  eat  up  again  a  little  of  h«r 
vomit ;  upon  which,  (he  very  much  recover'd.  Andthough  flie  had,  in  all, 
threefitsof  vomitingjyet,  for  the  faftifevenoreight  minutes,  that  we  kept 
■fcer  in  the  receiver,  (he  feem'd  to  be  much  more  lively  than  w^s  espcAcd  : 
■which  may,  in  part,  be  attributed  to  a  Httle  air  that,  l^an  accidenc,got  in, 
tho'  it  were  imrnediatcly  pump'd  out  again.  At  the  end  of  a  full  quarter 
of  an  hour,  from  the  firft  exnauftion,  the  bird  appearing  not  likely  to  die 
■ki  a  great  whtie,  we  took  her  out. 

loj.  April  12.  A  new-caught  viper  was  included,  together  with  a  gage, 
in  a  portable  receiver,  able  to  hold  about  three  pints  and  an  half  of  water. 
This  vell'el  being  exhaufted,  and  fecured  againft  the  return  of  the  air,  the 
'^nimal'was  obferv*d,  from  time  to  time,  not  only  to  be  a^TC,  but  nimbly 
-to^put  dut,  itnd  to  draw  back  ber'tongue,  for  about  thirty-dx  hours,  4tfinr 
flie  was  (hue  up  :  we,  therefore,  continued  the  Tellel  longer,  in  the  iame 
■fliady  place  ;  Where,  over-nieht,  at  the  end  of  (iity  hotu-s.  Ihe  ajqwar'd  ve- 
ry dull  and  faint,  and  not  Itsely  to  live  much  longer.    And,  cfaenext,  by 
the  afternoon,  I  found  her  ftark  dead,  with  her  mouth  open'd  to  a'ftraoge 
widenefs;  wherefore,  fufering  water'to  be  impel/d,  by  the  outward^ir, 
into  the  cavity  of  the  'receiver,  we  found,  by  the  water  that  was  driven 
in,  andafterwardspour'd out  again,  ondmeafur'd, 'that  fivcpartsin  fix  df 
the  air  in  the  reifel,  had  been  pump'd  out :  lb  that  in  an  air  nuify'd,  tillic 
expanded  itfelf  to  (ire  or  fix  times  its  ufual  dimenHons,  our  viper  was  -able 
to  live (txty  hours,  and,  perhaps,  tnighthave  done  iblo^er. 
Amfh  »  tu      ,08.  In  the  preceding  experiments,  the  animals  were  teco»«r'd'from  « 
irtii^'^,ii  gafping  condition,  by  letting  in  frefh  air,  and  northc'fiime  tiiafhtd  b«en 
»t,*ri(j. mti     withdrawn  from  them  :  wherefore,  I  thoueht  proper,  to  tfy,  whether  the 
^'^''  feme  portion  of  air,  without  being  renewed,  would,  by  being  expanded 
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tmrnai  to^hMf  the  point  oi  oi^ixing,  tnd  revive  him  again  ;  fince^  by  the  ^^SmJ^. 
ftKcefs  rf  fuch  %  trytX^  it  would  noci^bly  appear,  that  the  ban  change  6i  ^"^^^^^^ 
the  Gonfiftence  dt  the  air^  as  to  rarity  and  denfi^^  may  fuftce  to  produce 
tbe  above-mentioned  eflb&a. 

We  included  a  moufe  in  a  fine^  limbtr,  dear  bladder,  ma^  more 
tranfparent  by  <m1)  mbbVl  on  the  outfidit^  that  the  fmell  of  it  might 
lefs  o&nd  the  animate  to  be  induded  ^  dip^g  off  as  much  of  the 
bladder,  at  the  neck,  as  we  ju<%'d  abiolutdy  necedkry  for  letting  in  % 
moufe:  we,  alfo,  provided  »  romid  fticlr„  ibmewhat  lefs  than  the  ori« 
&e ;  that,*the  v^odbdna;  kid  over,  with  a  dofe  and  yielding  cement,  w« 
might  tye  the  Madder  £ift,  and  cloft  enough,  upon  the  ftopple  thus  fitted. 
In  the  bladder  was  left  as  much  air,  as  we  thought  might  fiiffice  him, 
for  the  time  the  experiment  was  to  laft.  Then,  putting  this  limber,  or  di- 
lataUe  receiver  into  an  ordinary  one  of  glafs,  and,  pladngthis  engine  near 
a  w'mdow,  that  we  might  fee  through  both  of  chem ;  the  air,  was,  by  de- 
^rees^  ramped  out  of  the  external  re<:efver,  and,  thereupon,  the  air 
mclwka  in  the  bladder  proportionaUy  expanded  icftlf,  and  fa  diftended  the 
internal  receiver,  till,  being;  arrivd  at  a  degree  of  rarifa^on,  which 
rendred  it  unfit  for  refpiration,  I  perceivM  figns,  in  this  animal,  of  his 
being  in  great  danger  oTfiidden  death.  Whereupon,  the  outward  air  be- 
ing haftilj  let  into  the  external  receiver,  compre»*d  the  fwellH  Madder  to* 
its  former  dimenfions,  and  thereby,  the  included  air  to'  its  former  denfity ; 
by  \v'hich  means,  the  moufe  was  quic):ly  revived.  Having  given  him  fome 
convenient  refpite,  the  experiment  was  repeated  with  the  Tike  fucce&. 

109.  We  put  a  large  pared  of  tadpoles,  with  a  convenient  quantity  of^j^^^^J^ 
water,  into  a  portable  receiver,  of  a  round  figure,  and  obferv'd,  that,  at  the  cfjfty  rfrej^ 
firfk  exfudlion  of  the  air,  they  rpfe  to  the  top  of  the  water ;  tho',  m<A  ^  SS^^^S''^ 
them  fubfided  again,  till  the  next  exfuAion  raifed  them.    They  feemM,  by  gr^mbtfmO^ 
thdr  aftive  and  wrigling  motion,  to  be  very  much  difbompos^d.    The  re-  "^  "•  ^"^ 
ceiver  being  exhaufied,  they,  all  of  them,  continued  moving,  at  the  top 
of  the  water ;  and,  tho'  fome  of  them  fecmM  to  endeavour  zo^  go  to  the 
^bottom,  and  dived  part  of  the  way,  efpecially  with  thdr  heads,  yet^ 
they  were  immecKatefy  buoy'd  up  again.    WitMn  an  hour,  or  a  little  more, 
they  were  all  movelefs,  and  lay  floaung  on  the  water ;  wherefore,  I  open'd 
therecdver;  uponwhidi,  the  air  ruming  in,  almoftallof  themprefently 
iimk  to  the  bottom,  but  none  of  them  recovered  life. 

no.  We,  afterwards,  induded  a  tefs  number  of  tadpoles  in  a  finaller 
glafs,  which  was  alfo  exhaufted,  with  the  like  circumftances,  as  the  former. 
And,  when  I  found  the  other  tadpoles  to  be  dead,  I  hafbd  to  thefe,  which 
did  not,  except,  perhaps,  one,  give  any  figns  of  life ;  but,  upon  letting  in 
the  air,  thefe  having  not  been  long  kept  trom  it,  fome  few  o(  them  reco- 
ver M,  and  fwam  up  and  down  livehr  enough;  tho*,  after  a  while,  thefe  al- 
fo died.       * 

III.  I  repeated  the  fame  experiment  in  a  portable  receiver,  of  a 
xonvenieat  kmd;  and,  tho*,  after  theexhaufHoa  was perfe£bd,  the  tadpoles, 
fbrawlule,  moved  briskly  enough,  on  the  top  of  the  water,  only ;  yet, 
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^;^-4t  the  end  of  an  hour,  they  feem'd  to  be,  all  of  them,  quite  doul,  bO, 
'^^^conrinu'd  floating.    And,  though,  within  half  an  hour  after  thac,  Iletifl._ 
the  air ;  yet  all  the  effcft  of  ic  was,  that   the  nwft  of  them^  immediate- 
ly funk  to  the  bottom,  as  the  reft,  fbon  after,  did  ;  none  of  them,  that  I 
could  obferve,  recovering  vital  mo  tion. 

112.  We  procur'd,  by  preferving  fomerain-water,  fourorfive  of  thofe 
odd  infefts,  whereof  gnats  have,  oy  fome,  been  obferved  to  be  genera- 
ted about  the  end  of  Augu/i,  or  beginning  of  Seftemkr.  Thefe,  for  fome 
weeks,  live  all  together  in  the  yrater,  as  tadpoles  do;  fwimnyng  up  and 
down  therein,  till  they  are  ripeforatranfmigration  into  flics  :  but  including 
them,  with  fome  of  their  water,  in  a  fmall  glafs-receiver,  which  being 
«xhaufied,  and  very  exaftly  clofed,  we  kept,  in  a  fouth-window;  thefe 
little  creatures  continued  to  fwim  up  and  down  therein,  for  fome  few  days, 
without  feeraing  to  be  much  incommoded ;  but  at  length, and  all  much  about 
the  fame  day,  they  put  off  rlie  habit  they  had,  whilft  they  lived  as  lifiies,  and 
appeared  with  their  Exuvia,  or  caft-coats  under  their  feet ;  (hewing  them- 
ielves  to  be  perfect  gnats,  that  flood,  without  linking,  npon  the  furface  of 
the  water,  and  ^fcovering  thcmfetves  to  be  alive,  by  their  motion,  when 
they  were  excited  to  if ;  but  I  could  not  perceive  them  to  fiy  in  that  thia 
medium :  to  which  inability,  whether  the  vifcofity  of  the  water  might 
contribute,  I  know  not ;  tho'  they  lived  a  pretty  while,  till  hunger,  or  cold 
deftroyed  them. 
i^,j[«if  113.  The  warm  blood  of  a  Iamb  or  a  ftieep,  being  taken  as  itwas,  im- 
w  f'io-  mediately,  brought  from  the  butcher's,  where  the  fibres  had  been  broken, 
""""  to  hinder  the  coagulation,  was,  in  a  wide-mouth'd  glafs,  put  into  a  re- 
ceiver, made  ready  for  it ;  and  the  pump  being  fet  on  work,  the  air  was 
diligently  drawn  out :  but  the  operation  was  not  always,  especially  at  firft, 
fo  early  manifeft,  as  the  fpirituoufiiefs  of  the  liquor  would  make  one  ex- 
pe£t  i  yet,  after  a  long  expeflation,  the  more  fubtile  parts,  of  the  blood 
would  begin  to  force  their  way  thro*  the  more  clammy,  and  feem  to.  boil 
in  large  clufters,  fome  as  big  as  great  beans  or  nutm^s ;  and,  fome- 
times,  the  blood  was  fo  volatile,  and  the  expanflon  fo  vehement,  that  it  boiled 
over  the  containing  glaf&j  of  which,  vihax  it  was  put  in,  it  did  not  fill  a- 
bove  a  quarter. 

114.  Having,  alfo,  included  f(Rnemitk,warmfromthe  cow,  in  aeylindrit 
cal  veflel,  about  four  or  five  inches  high^  tho'  the  pump  was  long  ply'd,  be- 
fore any  intumefcence  appeared,  yet,  afterwards,  when  the  extraiial  air  was 
fully  withdrawn,,  the  milk  began  to  boil,  in  a  way,  that  was  not  fo  eafy 
to  describe,  as  pleafant  to  behold:  and  this  it  <Ud  for  a  pretty  while,  with 
£0  much  impetuofity,  that  it  threw  feveral  of  its  pans  out  of  the  wide- 
mouth'd  glafs  that  contain'd  it;  tho'  there  were  not  above  twaor  three 
ounces  of  the  liquor,  whichonly  half  fiU'd  the  glais. 

A  yet  greater  difpofition  to  intumefcence,  we  thought,  we  oblerv'd  in 
thegall  i  which  was  but  fuitable  to  the  vifcofity  of  its  textiure. 

"Ine  two  laft  experiments  were,  made  with  a  defign  to  fliew>  how  far 
chp  deftruftlve  operation  of  ouren^ne,  upon  the  indnded  anim^  m^bt 
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be  imputed  the  withdrawing' of  the  air,  wherebjr,  the  little  bubbles  gene*  FvimcATi«i. 
rated  in  the  bloody  juices,  and  foft  parts  of  the  bodv,  may,  by  their  vaft  ^^V^/ 
mimber,  amd  conibiring  diften(ion,  varioufly  contra^  the  vefieis  in  fome 
places,  and  ftretoi  them  in  others ;  efpecially  the  fmaller,  that  convey 
the  blood  and  nouriihment ;  and  fo,  by  choaking  up  fbme  parages,  and  vitia- 
ting the  figure  of  others,  difhirb,  or  hinder  the  due  cirralation  of  the 
blood :  for,  fuch  diftenfion$  may  caufe  pains  in  fbme  nerves,  ftnd  membra-* 
xM>us  parts,  which,  by  irritating  them  into  convulfions,  may  haften  the* 
death  of  animals,  and  deftroy  them  fooner  by  that  irritation,  than  they 
would  be  deftroy^i  by  the  bare  abfenoe  or  lofs  of  what  the  air  is  neceflfary 
to  fuppty  them  with.  And,  to  fliew,  that  this  produfliom  of  bubbles 
reaches,  even  to  very  minute  parts  of  die  body,  lAall  add,  that,  I  once 
obierved  m  a  viper,  nirioufly  tortured  in  our  exhaufted  receiver,  the  crea- 
ture had  a  eonipicuous  bubble  moving  to  and  fro^  in  the  aqueous  humour 
of  oneof  kseyes. 

115.  Tofliew,  thatBot  only  the  blood  and  liquors,  butalfo  the  other  fofi: 
part^  even  in  cold  animals,  have  aerial  particles  latent  in  them  ;  we  took 
tbc  liver  and  heart  of  an  eel,  as,  alfo,  the  head  and  body  of  another 
fifli  of  the  fame  kind,  cut  afunder,  crofs  ways,  beneath  the  heart ;  and 
putting  them  into  a  receiver,  upon  withdrawing  of  the  air^  we  per-* 
ceivM,  that  the  liver  mankeftly  fwell'd  every  way;  and^that  both  the  upper 
part  and  lower  of  the  fifli,  did  fo,  likewiie.  At  the  place,  where  the  divifion 
had  been  made,  there  came  out,  hi  each  portion  of  the  fifli,  various  bubbles; 
ieveral  of  which feem'd  to  ri&  from  ^t Medulla SpinaliSyXh^csivixy  of  the 
badi:-bone,  or  the  adjoining  parts  :  and  the  external  air  being  let  in^  both 
the  portions  of  the  eel  preiently  funk ;  fbme  of  the  skin  feeming  to  be 
grown  flaccid  in  each. 

116.  We  included,  in  a  vial  with  a  wide  neck,  (the  whole  glafs  being  able 7i^^„»«Krif 
to  contain  about  eight  ounces  of  water,)  a  fmall  young  moufe;'  then  "A ^•p*'^ 
tyed  ftrondy  upon  the  upper  part  of  the  glafs's  neck  a  fine  thin  bladder,  fUt^omfSirs 
out  of  which  the  air  had  been  carefully  exprefs'd;    and  conveyM  this  ^  "g^  ^^T^ 
veflel  tnto  a  middle^fiz'd  receiver,  in  which,  we  alfo  placed  a  mercnriat£^/«r  rvj^^ 
gage.    This  done,  the  air  was,  by  degrees,  pump'd  out,  till  it  appeared  ^^^ 

by  the  gage,  that  there  remain^l  but  a  rourth  part  in  the  external  receiver; 
whereupon,  the  ahr  in  the  internal  receiver,  expanding  itfe^  appeared  to 
have  blown  the  bladder  aknoft  half  full ;  and  the  moute  feeming  very  ill  at 
eafe,  by  leaping,  and  otherwife  endeafvouring  to  pafs  out  at  the  neck  of 
his  priion ;  we,  for  fear  the  over-thin  air  would  difpateh  him,  let  the  air 
flow  into  the  external  receiver;  whereby  thebladoer  being comprelsM^ 
and  the  air  m  the  \ial  reduced  to  its  former  denfity,  the  little  animal  quick* 
ly  recovered. 

1 1 7.  A  while  afte^  without  removing  the  bladder,  the  experiment  was 
repeated,  and  the  air,  by  help  of  the  eage,  reduced  to  its  rormer  degree 
ofrarifiiftion ;  when,  the  mcufe,  after  foniefruitleis  endeairours  to  get  out 
of  the  glafs,  was  kept  in  that  thin  air  for  full  £>ur  minutes ;  at  the  end  of 
which,  he  appear\l  fb  fick,  that^  to  prevent  his  dying  immediately,,  we 
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^^^^rtmcv'd  thfl  external,  and  took  oat  the  internal  receiver ;  wlwreilpM)  ^^M 
^^^  Ire  reower'd ;  yet  'twas  not  without  much  difficulty ;  being  unable  to  ^""^J. 
any  longer  upon  his  feet ;  aud,  for  a  great  while  aJter,  lie  continu'd,  Dift* 
nifeftiy  trembling. 

n8.  But,  having  fiifer'd  him  to  relt  for  a  reafonable  time,  prefuming 
that  ule  had  inured  him  to  greater  hajdfhips,  we  convey 'd  him,  agam,  ioto 
the  external  receiver ;  and,  having  brought  the  air  to  the  former  degree 
of  rarifaflion,  we  were  able  to  keep  liini  there  for  a  fuil  quarter  of  an 
hour;  tho'  the  external  receiver  did  not  at  all  curHderably  leak;  as  *{►- 
pear'd  both  by  the  mercurial  gage,  and  by  the  remaiiung  diftonfioo  of  the 
bladder.     And,  'tis  worth  noting,  that,  till  nftir  the  latter  end  of  the 

2uart*r  of  an  hour,  the  animal  fearce  at  ail  appeal  'd  diftieti'd ;  remaining 
illvery  quiet.  And  tho',  when  he  was  pw  m,  bis  crembiings  were  yet 
upon  him,  and  continu'd  lb  for  feme  time  ;  jec,  aftenrards,  in  ^^hc  of 
the  expanfion  of  the  air  he  was  then  in,  rliey  foon  left  him.  Ana,  when 
^^^  die  internal  receiver  was  taken  out,  he  not  only  recover 'd  from  his  fainciog 
^^B  fioBer  than  before,  but  efcaped  tlio^e  fublequent  tremblings. 
^^f  -I  ly.  Encouraged  by  this  fuccefs,  afcer  we  allowed  him  lome  time  to  re* 
Cover  his  ftrength,  we  re-convey'd  him,  and  the  veflel  wherein  he  was  in- 
eluded,  into  the  former  receiver,  and  pump'd  out  the  air,  till  the  mer- 
cury, in  the  gage,  was  drawn  down  near  half  an  inch  lower  than  before, 
that  the  air  might  be  yet  farther  expanded.  And,  tho'  tiiis,  ftt  firft, 
feem'd  to  difcompofe  the  little  creature  >  yet,  after  a  while,  he  grew  very 
quiet,  and  continu'd  fo  for  a  fuU  quarter  of  an  hour  i  when,  we  caus'd 
three  exfuftions  more  to  be  made,  before  we  difcover'd  him  to  be  in 
manifeft  danger,  (at  which  time,  the  bladder  appear'd  much  fijUer  than 
before:)  but,  then,  we  were  obliged  to  let  the  air  into  the  outward  re- 
ceiver ;  whereupon,  the  moufe  was  more  ipeedily  revived,  than  one  would 
btve  fufpefled. 

Now  the  air,  in  which  the  tnonle  liv'd  all  this  while,  htd  been  cloggM» 

andinfeAed,  with  the  excrementious  efiluviaof  his  body;  for  Wis  the 

ikrae  all  along ;  we  having,  purpoiely,  forbom  to  take  aS  the  bladder^ 

whcKfe  regnlar  diflxoflons,  and  fhrinkings,  fufficiently  maniicftet^  chat  the 

reSkl,  whereof  'twas  a  part,  did  not  leak. 

JihlMMtm*--    lao.  We  took  a  moule,  of  an  ordinary  Cat,  and,  havii^  convey'd  him 

£i'-^nww*°**'  *°  °^  g^»  *i"**^  ^^  ■  fomewhat  long,  uid  confiderabiy  brettd 

i*$i^y^'    neck,  that  it  might  be  wide  enough  to  admit  a  moufe,    in  fpight  q( 

^  Us  ftru^Iing ;  we  convey'd  in,  after  bim,  a  mercurial  gage,  in  which  we 

bad  cazeluUy  ob&rv'd,  and  mark'd  the  ilation  of  the  mercury;  and  wluch 

was  fo  fafiun'd  to  a  wire,  reaching  to  the  bottom  of  the  ovat  glals,  that 

the  gage,  remaining  in  the  neck,  was  not  in  danger  of  being  brdten  by 

the  mocioiis  of  the  monie  in  the  oval  pan.    The  upper  pan  ef  the  Ions  neck 

of  the  glafs  was,  notwitbAanding  the  wideneis  of  it,  bermeticaUy  Teal'ili 

by  meansofalan^*  asKlapairdt  bellows,  that  we  might  be  faic  the 

impnfon'd  animal  flxmld  breathe  no  other  air,  than  wW  fiU'd  the  rfr-> 

cdvcr,  ac  ^  cimB  ^rlie»  ic  wu  feal'd.     Tiaa  done,  ^  moufe  wat 

watched* 


wtftched,  Irom.tame  to  tniie:  and'tho^  fey  yeafon  jof  the  Jaggmefs  of  t-he^^*^gig«* 
Tdlfel,  he  feem'd  Tather  droopk^  than  imy  near  jdeath,  *ac  the  end  of.the  ^^'^"'V'^ 
fecond  hour;  yet,  in  ^ibont  half  an  hour  aner,  <hewas  judged  to  be  quite 
dead,  tho*  we  fliook  the  veffij,  ito  rouze  him.  The  gage  manifiefted  no 
fenfible  change  in  the  ftation  of  the  imeicury ;  hat^  xaufing  ithe  &al'xi  part 
d£  the  |;la&  to  be  Ibrc^en  ofl^  I  obfiam'd,  inter  a  twhiie,  &me  &int  totens 
of  life:  tho',  I  .-amnotfuve,  that  they  twoold  )ha«  ixmcinu'd  m  a  vttEd^ 
where  the  «ir  was  ifb-do^M  and  infeAed,  Jfd&dhvirihad  not  heen6e« 
quently  blown  <in  byft^fMir  of  bellows,  whofenofe  was  inietted  into  the 
nedk  of  the  gla&.  This  frefli  air  feem'd  evidently,  tho'  but  flowly,  to  re- 
vive the  gflffping  animd,  which  I  could  not,  conveniently,  take  out  of  the 
glafs,  till  he  had  gained  ffarength  enough  to  make  ufe  of  his  1^^  ibut,  af- 
ter that,  without  breaking  the  giafs,  we  took  him  out,  and  foon  dbund 
liim  -able  to  walk  up  and  down. 

121.  A  like  experiment  we,  4ilfb,  made  with  like  fucceis,  upon  a  £naU^ 
bird,  included,  with  a  gage,  in  a  receiver  that  wouldhold  about  a  quart 
of  water.  The  bird,  in  4bout  half  urn  .hour,  ^pearM  to  be  fide,  and 
droopiog  9  the  faincnefs,  and  difficulty  of  breathing,  increafing  for  about, 
two  hours*  and  a  half  dfter ;  at  whiah.  time,  the  minimal  died ;  ^e  gage  be* 
ing  not  fenfiUy  alterM,  unlefs,  perhaps^  the  mercury  Afipear-d  to  be  im- 

Klfd  up  a  little  higher  than  when  iput  in  i  which,  yet,  might  proc^ 
3m  fome-aecidentill  oau&. 

121.  To  (hew,  that  it  is  not  wantof  coldnefs,  but  fomething.elfe  inthe 
included  air,  tl^t  makes  it  deftroy  birds  pent  .up  therein,  wmch,  by  the 
hot  exhalations  of  their  bodies,  may  be  inppofed  to  over<»warm  it.;  wemade 
the  following  experiment. 

In  a  glals-vial,  able  to  hold  about  three  quarts  of  water,  we,.her<-^ 
metically  feal'd  up  a  fmall  bird;  and  found,  that,  in  a  fisw  minutes,  Oit 
1}egan'to  befick,  and'pant.  Thde  fymptoms  I. fufferM  to  continue,  and. 
increafe,  till  they  had  lafted  juft  half  an  hour;  at  whichrtime,- having,  pro- 
videda  vtfel  of  water,  with*ial*iannoniac,  newly  put  therein,  to  re£ngexate 
it;  and  the  liquor  being  thus  made  exceeding. cold,  the  vial^  with<die  fick. 
bird,  was  immerfed  in  it,  and  fo  kept  there  for  fix  minutes :  .jet  it.did  not 
appear,  that  the  great  coUneis  v^ich  inuft  be  thusprociixsKd^tathe im« 
priibned  air,  fenfibiy  revived  or  refreih'd  the  drooping  »iimal^ '.wliOTmani- 
feftly  continued  to*  pant  exceedingly.  So  that  this  remed];s,  proving  inef- 
fbi^al,  the  vial •  was  remov'd  out  of  the  water ;  and  the  bixd,  '£bnie:time 
after,  many  times  ftrainM  to  vomit:  and,  afterwards^  had i evacuations 
downward,  before  fhe  quite  expired ;  which  (he  did,  inafanoftiinihour, 
^from  the  beginning  c^'her  imprifbnment. 

r  2  }  .We  made,  by  diftiUation,  a  blood-^red  liquor^  chiefty  oonfiftii^  oETuch  tu  ^t  ^th 


t  mt 
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the  externalair  is  pemutted  to  come  inj  and  pny(^  tbf  filrfiff  qf  rir  ligMrr^' 
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|";»«*  within  a  qnarter  of  a  minute,  or  iefs,  there  will  bz  devated  1  copious 
"^  white  fmoke,  wliidi  not  only  tills  the  upper-part  of  the  glafs,  but  pleati- 
fully  pafles  out  into  the  open  air,  till  tbe  vial  be  again  ftoppU 

When  this  y\A  has  lain  ftopp'd    and  quiet  for  a  competent  time,  the 

upper  half  of  it  appears  deftituie  of  fumes,  whereof  the  air,  it  feems,  wiH 

imbibe,  and  conftantly  retain  but  a  certain  moderate  quantity;  which  may 

give  iome  light  towards  the  reafon,  why  the  fame  air,  quite  clogg'd  with 

-  fteams,  will  not  long  ferve  for  refpirarion.     And  tf  the  unftopp'd  vial  were 

-placed  in  our  vacuum,    it  would    emit  no  vii3ble  fteams  at  all,    not  £b 

much  as  to  appear  in  the  upper  part  of  the  glafsicfelf  that  held  the  liquor  j 

but  when  the  airwas,  by  degrees,  reftored  at  the  ftop-cock,    without 

moving  the  receiver,  to  avoid  injuring  its  clofenefs,  the  returning  air  would 

-frcfeatly  raife  the  fumes,  firll  into  the  vacant  part  of  the  viaJ,  whence  they 

would  alcend  into  the  capacity  of  the  receiver:    and  likewife,  when  the 

air,  requifite  to  fupport  them,  was  pumped  out,  they  alio  accompanied  ir» 

as  their  unpleaiant  fmell  made  manifeft;    wlulft  this  red  Ipirit,  though 

it  remainM  unflopp'd,  emitted  no   more  fumes,  till   new  air  was  fee 

in. 

•  j1m>-      134.  Two  ordinary  white  thails,  without  flicUs,  differing  in  Cze,  C^, 

J^,^  biggeft  being  about  an  inchanda,  half,  and  the  other  about  an  inch  ia 

length)  were  included  in  a  fmall  portable  receiver,  wtiich  was  carefully  ci- 

haufted,  and  fecured  againft  the  return  of  the  air ;  and  prefently  afrer,being 

■«moved;from  the  engine,  it  was  eafy  to difcern,  that  both  the  fnails  thruft 

■'OUt,  and  drew.in  their  horns,  at  plealure  ;  though  their  bodies  had,  in  the 

-  ibfter  places,  numMOus  newly  generated  bubbles  ftickir^  to  them :  and 

the*  they  did  not  lofe  their  motion  near  fo  foon,  as  other  animals,  in  our 

vacuum  ;  yet,  after  fome  hours,  they  appear 'd  movelefs,  and  very  tumid  ; 

and,  atthc  end  of  twelve  hours,  the  inward  partsof  tlieir  bodies  fccmed  to 

be  afanoft  vanifh'djwhilft  theyappear'd  to  be  two  fmall  full-blown  bladders  : 

■  and,  on  let-ting  in  the  air,  they  immediately  fo  flirunk,  as  if  the  bladders 

having  been  prick'd,  the  receding  air  had  left  behind  it  nothing  but  skins  t 

nordidcitherofthelhails,  afterwards,  tho'kept  for  many  hours,  ^veany 

^gns  of  life. 

125.  We  included  in  a  receiver,  whofe  globular  part  was  about  the 
bignefsof  a  large  orange,- one -of  that  fon  of  animals,  vulgarly  callM,  efts, 
or,  llonr-wotms:  having  withdrawn  the  air,  and  fecur'd  the  vellel  againft 
the  return  of  it,  weicpt  him  there  about  forty-eight  hours ;  during  which, 
he  continued  alive,  but  appeared  fomewhat  fwell  d  In  his  belly ;  his  under- 
cJiap  -moriog  on  the  very  iirft  night,  but  not  the  day  and  night  following. 
At  length,  by  opening  the  receiver,  under  water,  we  perceivd,  that  about 
.haff  the  air  had  been  drawn  out.  As  faon  as  the  water  was  impell'd  into 
the  elafs,  the  animal,  which  was  before  dull  and  torpid,  feem'd,  by  very 
nimble  and  extravagant  motions,  to  be  ftrangely  revived. 

!izc.  AVetook  a  leech,  of  a  moderate  bignefs,  and  having  included  it, 
together  with  fome  water,  in  a.  portable  receiver,  able  to  hold  about  ten 
v«r  twelve  onnces  cf  that  liquor ;  cho  air  was  .piunp'd  out,  after  the  ufual 

jnanner  ■ 
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fnanner,  and  the  receiver  being  removed  to  a  light  place,  we  obfervM,  ^"^J*;J2**'V 
that,  the  leech  keeping  herfelf  under  water,  there  emerged  from  feveral  ^^^^^^^ 

Earts  of  her  body,  numerous  bubbles,  fome  of  them  in  a  difperfed  manner, 
ut  others,  in  rows,  or  files,  that  feem*d  to  come  from  determinate  points. 
Tho*  this  produfbion  of  bubbles  lafted  a  pretty  while,  yet  the  leech  did 
ivot  feem  to  be  very  much  difcompofed.  This  done,  we  fet  the  receiver, 
which  was  well  fecufd  from  the  outward  air,  in  a  quiet  place,  where  we 
vifited  it,  at  leaft,  once  a-day ;  and  found  the  leech  fomewhat  faftned  by  her 
tail,  to  that  part  of  the  glafs  which  was  under  water,  and  fometimcs  wan-* 
dring  about  that  which  was  quite  above  water  >  and  always,  when  we  en- 
JeavourM  to  excite  her,  ihe  quickly  manifefted  herfelf  to  be  alive ;  and, 
indeed,  appearM  fo  lively,  after  the  full  expiration  of  five  natural  days, 
that  expecting  fomething  might  have  happen  d  to  the  receiver,  I  open'd  ic 
under  water ;  when  the  outward  air,  impelled  in  fo  much  of  that  liquor, 
as  fatisfy'd  me  the  receiver  was  well  exhaufled. 

127.  Five  or  fix  caterpillars,  all  of  the  fame  fort,  being  put  into  a  fepara- f''''^'V  »»/«* 
ble  receiver  of  a  moderate  fize,  had  the  air  drawn  away  from  them,  and""''*^* 
carefully  kept  from  returning.    But,  notwithftanding  this,  I  found  them,  a- 

bout  an  hour  after,  moving  to  and  fro  in  the  receiver ;  and  even  above  two 
hours  after  that,  I  could,  by  (baking  the  vefTel,  excite  fome  motions  in 
them,  that  I  did  not  fufpedl  to  be  convulfive.  But  looking  upon  them  again, 
nbout  ten  hours  after  they  were  firfl  included,  they  feemed  to  be  quite 
dead  ;  and,  tho*  the  air  were  forthwith  reftored  to  them,  they  continued 
to  appear  fo :  yet,  leaving  them  all  night  in  the  receiver,  I  found,  the  next 
day,  that  three,  if  not  four  of  them,  were  pcrfeftly  alive. 

128.  We  took  from  an  hedge  a  branch,  that  had  a  large  cob- web  of  ca- 
terpillars in  it,  and  dividing  it  into  two  parts,  we  put  them  into  like  re- 
ceivers ;  and  in  one  of  them  fliut  up  the  caterpillars,  together  with  the  air, 
but  from  the  other  it  was  exhaufted.  Now,  in  that  which  had  the  air, 
the  little  infe£ls,  after  a  fmall  time,  appeared  to  move  up  and  down  as 
before,  and  fo  continued  to  do  for  a  day  or  two :  but  in  that  glafs,  wiienoe 
the  air  had  been  extracted,  and  continued  kept  out,  they  (hewed,  after  a 
very  little  while,  no  motion  that  we  could  perceive. 

129.  Nov.  12.  About  8  a-clock  at  night,  there  were  taken  four  middle- ^'jJ^'Jif'* 
fized  flefli-flies,  which,  having  their  beads  cut  off,  were  indofed  in  a  por- 
table receiver,  fumifh  d  with  a  large  pipe,  and  a  bubble  at  the  end.    As 

foon  as  the  receiver  was  exhaufted,  the  flies  lofl  their  motion ;  an  hour  or 
two  after,  I  approached  them  to  the  fire,  which  reftored  not  their  motion: 
wherefore  I  let  in  the  air  upon  them ;  after  which,  in  a  ^'cry  fhort  time; 
they  b^n,  one  after  another,  to  move  their  legs,  and  one  or  two  of  them 
to  walk.  And  having  kept  them  all  night,  in  a  warm  place,  they  mani- 
fefted, for  a  while,  fome  finall  motion. 

130.  Sept.  11.  About  noon  we  clofed  up  feveral  ordinary  flies,  and  a 
bee,  or  wafp  ;  all  which,  when  the  air  was  friHy  withdrawn,  lay  as  dead  ; 
otdy,  for  a  very  few;  minutes,  fome  of  them  had  convulfive  motions  in  their 
legs.    They  continued  in  this  ftate  ^ferty^ight  hcKtis ;  ^ffeer  which,  die 

Vol.  II.  Aaaa  air 
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K^°j  ^ay,  by  the  heb  of  a  double  convex-glafs,  I  was  not  able  to  fee  any 


them  ftir  up  and  down.  And  no  motion  was  taken  notice  of  in  the  othea 
fmall  receiver  cf  a  like  fhape  and  bignefs.  About  an  hour  after;  I  look'd  u{^' J 
«n  the  receiver  attentively  again,  but  could  not  perceive  any  of  the  mites  txnJ 
ftir  ;  and  the  like  uiifuccefsfui  obfen'ation  I  made  two  or  three  hours  aftel^ 
tliat.  And  at  firft  letting  in  the  air,  to  try  if  the  mites  were  not  quite  dead  ^ 
1  could  not  perceive,  upon  its  ruJhing  in,  any  of  them  to  ftir :  yet,  I  left  the 
receiver  unuopt  as  it  was  in  the  \\nndow,  upon  a  fufpicion,  that  the  air 
rtiigbt  not  be  able  to  exercife  its  operation  upon  them,  in  a  fhoit  time. 

(j.)  And,  about  two  or  three  days  after,  I  found  a  number  of  my  Ucde 
animals  reviv'd  ;  as  an  attentive  eye  might  ealily  perceive,  by  the  motion  of 
certain  little  white  fpecks,  when  afllftecTto  obferve  it  by  little  marks,  that  I 
made  on  the  outllde  of  the  glafs,  (which  was  purpofelycholen  thin  and  clear) 
near  this,  or  that  mite,  with  a  diamond,-  by  the  approach  to,  or  receis 
from  which  marks,  the  progreJIive  motion  became,  perhaps,  within  a  mi- 
nute, plainly  difcoverablei  efpecially,  if,  when  the  eye  perceiv'djittle  white 
ipecks,  that  look'd  like  mites,  the  receiver  fhould  be  Jb  turn'd,  that  the  bel- 
,  lies  and  feet  of  thole   Uttle  creatures  were  uppcrmoft;  notwithftaading 

■  which,  they  would  not  eafily  drop  down,  but  continue  their  motion  :  and 
[_,  thefe  fpecks  being  made  upon  the  concave  furface  of  the  tliin  glafs  itfelfj 

were  thereby  render'd  much  more  eaffly  vilible. 

(4.)  But  becaufe  it  doth  not,  by  the  third  phenomenon,  appear,  whether, 
ia  cafe  our  mites  had  been  kept  in  a   movelefs  ftate,  for  a  much  longer 
time,  than  three  or  four  hours,  they  would  have  been  recoverable,  by  the 
admifHon  of  the  air  ;  Illialladd,  that  one  of  the  portable  receivers,  above- 
mention 'd,  being  exhaufted  and  carefully  fecured  from  the  air,  was  kept 
•from  monday  morning  to  thuriday  morning  :  after  all  which  time,  being  una- 
ble to  diicover  any  lignsof  life,  among  the  included  niiteSj  the  air  was  let  in 
upon  them,  which,  loon,  hadfuchan  operation  upon  them,  that  both  I,  and 
others  could  plainly  fee  them  creep  up  and  down  in  the  glafles,  again. 
jhtttiempi"      113(5.  Having  procured  a  large  number  of  (ilk-worms  eggs,  and  caufed 
t^'-'  '"'"S  _  three  very  fmall  recei\  ers  to  be  puipofely  made,  that  difier'd  very  little,  either 
ciM.  in  fize  or  rigurc ;  we  convey 'd  into  each  of  them,  together  with  a  fmall  ftock 

,o{  mulberry-leaves,  fuch  a  number  of  eggs  as,  we  thought,,  made  it  morally 
certain,  that,  at  leaft,  feme  of  them  fliould  pro\-e  prolific.  This  done,  we 
carcfullv  exhaufted  one  of  the  receivers,  and  fecured  it  againft  the  return  of 
■the  air ;  and  the  two  others  we  left  full  of  air  :  but,  having  left  in  the  one 
fl  littie  hole  for  the  air  to  get  in  and  out  at,  we  ftopped  the  other  fo  clofe, 
fts  to  hinder  all  intercourfe  between  the  internal  and  external  air.  Things 
being  thus  prepared,  we  expoied  the  receivers  to  a  Ibuth  window,  where 
they  might  be  quier,  and  where  I  eitlier  came,  or  fent  to  look  on  them, 
'irom  time  totimej  the  fpring  being  then  fo  far  advanced,  that,  I  fuj^xis'd, 
die  ht-at  of  the  fun  would  be,  of  itfdf,  fiilhcien:  to  hatch  them,  m  no 
j^OPg  trine.  And  bo(h  -  !^  and  others,  took  notice,  tliat,  in  the  unex- 
^  ,^ijftcdCKeiver¥»  th^je  isrie  feveral  eggs  hatch'd.  into  little  infefts,  that 

■'  calibrated,  their  fljells,  aiid  crept  outofthemi.  tho'i  afterwards,  for  want 
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of  change  of  food,  or  air,  or  both,  few,  or  none  of  them,  proved  long-  ^*55^?[** 
lived.    But  tho*  the  eggs,  in  thefc  receivers,  began  to  afford  us  little  ani-  ^^^v^^^ 
xnals,  in  a  few  days ;  yet  the  eggs,  in  the  exhauftcd  receiver,  afforded  none 
in  fo  many  more,  that  we  left  oft  to  expeft  any  from  them. 

We  took  icveral  of  thoie  little  fwimniing  creatures,  which  in  autumn^ 
efpecially  towards  the  end  of  it^  are  turn'd  into  gnats ;  and,  having  put  a 
convenient  number  -of  them  together,  in  a  fit  quantity  of  rain-water, 
wherein  they  had  -been  found  and  kept,  into  a  fmall  receiver ;  the  air  waa 
pumpM  out,  and  the  veffel  fecured  againft  its  return,  and  then  fct  afide  in 
A  place,  where  I  could  observe,  that,  on  the  day  after,  fome  of  thele  little 
animals  were  yet  alive,  and  fwimming  up  and  down,  not  without  minute 
bubbles  adhering  to  them  ,•  but,  in  a  day  or  two  after  that^  I  co\ild  not 
perceive  any  of  them  alive ;  nor  did  any  of  them  recover,  upon  the  ad- 
miflion  of  freih  air.  Indeed,  the  weather  was  fo  cold  and  unfeafonable, 
that  a  number  of  theie  little  creatures,  put  up  with  water  in  another  fmall 
receiver,  all  died  within  a  few  days,  tho'  none  of  the  air  was  exhaufted. 
And  ftveral  that  I  kept  in  an -ordinary  giafs,  which  was  often  unftopp'^i, 
fo  give  them  frefli  air,  perilh^d  very  faft. 

IJ7.  We  took  a  round  glafs-egg  of  clear  metal,  and  fuinifh'd  with  a  the  fHrpMtig 
{hank,  fome  inches  in  length ;  this  we  fiU'd  with  water, 
it,  and  a  vial,  containing  water,  into  a  receiver,  ot 
and  by  pumping  the  air  put  of  it,  we  made  bubbles  both  in  the  egg, 
and  the  vial,  to  difcbfe  themfelvcs  in  great  numbers;  fo  that  the  liquor, 
in  the  glafs-egg,  fecm'd  to  boil,  andcauftd  all  that.  was.  in  the  fliank,  to 
run  over.  When  we  thought  the  water  was  fufficiently  freed  from  air, 
we  took  out  the  glaffes,  and  fill'd  up  tlie  fliank  of  the  egg  with  water  ta?- 
ken  out  of  the  vial,  and  inverted  it  into  more  of  the  fame  water,  in  fuch 
manper,  thatii;hft/egg  was  quire  full,  £hank  and  all,  excepting  a  fmaJl 
bul9ble  of  sair^  ^^'^y^'C^  fwrppfelv,  left,  to  gain  the  tc^  q£  the  egg;  where 
we  meafured  it  ^s  ac<;urately  as  we  could,  and  found  it  to  be^a  teiith,  and 
lefs  than  two  hundredths  of  an  inch.  Then,  putting  the  glaffes  again  into 
the  receiver,  tlicpun>p*  was  worked,  and  the  little  bubble,  after  a  while,, 
began  to  exptufl .hi^f; J  T^hich,  when  ic  had  once  done,  it,,  at  ea^  fuck, 
flxiangely  inqr^as^d^.till,  j^r  lei^^h;  itdrofveall  the.water.^Ut  of  the  round 
part  pftlie  glafs.  Audi  left  it  mi^hc  be  obje^ed,  that  /twas  only:  the 
iubfiding  of  tl^  water,  upon  the  withdrawing  of  die  ovitwgrd  air,  that 
before  kept  it  up  to  the  top  of  the  glafs ;  we  caused  the  pumping  to  be  conti- 
nued, till  the  expanded  air.  h^d,  feveral  time$,  driven  the  water;  in  the 
pipe  of  the  egg,  a  pretty  way  beneath  the  •  level  of  the  ext(?mal  and  fjHTr 
rouiiding  water  in  the  other  .glafs.  .This  done,  we  let;  in -the  air,  by  de- 
grees, with  a  defign  to  obferve  what  bubble  we  -fhoiild  find  at  the  top  ci 
the  eg^,  when  the  water  ihouldbc  again  driven  up  into  its  cavity.  Butthf 
expanded  air  had  forced  over  fo  much  water,  that  there  remained  not 
enough  to  fill  the  globular  part  of  the  egg.  We,  therefore,  made  the  exr 
periment  again;  and,  when  we  had^  proceeded  thus  £ar,  cijmpar^d  the 
above-mention'd  diameter  of  the  fmall.  bubble,,  with  that  of  the  fpherical 
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«^"  part  of  the  plafs,  whicli  v/c  cook  with  a  pair  of  callaper-ccmpalTes  ;  and 
^T^^  the'  we  found  it  to  be  fomewhat  more  than  twenty  times  as  great,  yet  we 
fuppofed  the  two  diameters  to  be  only  as  i  to  ao  :  and,  confeqiiently, 
fince  the  proportion  between  Ipheres  is  triplicate  to  that  of  their  diameters, 
the  airappear'd  to  have,  by  expanding  itfelf,  polVefs'd  eight  thoiifand  times 
the  fpace  it  took  up  before.  Nor  was  it  overfeen  by  us,  that  fuch  giaflcs 
as  we  ul'ed,  are  fcarcecver  fpherical.  But  Dr.  IValiis^  who  aflifted  at  the 
experiment,  concluded,  with  me,  that  the  ca\'ity  of  the  ftiank,  from  wlience 
the  expanded  air  drove  the  water,  which  we  did  not  compute,  would 
make  abundant  amends  for  any  iiiacciu^cies.  After  this,  for  farther  fa- 
tisfaftion,  we  took  water,  laborioufly  freed  from  air;  and,  putting  it  into 
the  fame  glafs-eeg,  we  in\erted  it,  as  before,  but  left  not  any  biibble  ia 
it.  This  we  did,  that,  in  cafe  we  could  make  the  water  fubnde,  the  ex- 
periment might  prevent  a  fufpicion,  that  fome  air,  latent  in  the  water,  in- 
creafed  the  bubble,  formerly  left  in  it.  Having,  then,  cxiiaufted  the  re- 
ceiver, at  leaft  as  much  as  before,  the  water,  in  the  egg,  did  not  at  all  fijb- 
iide  :  but,  at  length,  with  obftinate  pumping,  a  bubble  difclofed  itfelf,  and 
■drove  all  the  water  clear  out  of  die  round  part  of  the  glafs.  And  tho',  by 
reatbn  of  fome  fmall  leaks,  that  we  could  not  find,  or  ftop,we  were  not  able^ 
as  before,  to  make  the  expanded  air  deprefs  the  water  in  the  fliank,  beneath 
the  farfacc  of  the  external  water ;  yet  we  wanted  very  little  of  it :  and, 
then,  giving  over,  we  found,  that  when  the  water  was  impell'd  up  again 
iato  the  egg,  there  was,  at  the  top  of  it,  a  bubble,  whofe  diameter  we 
meafur'd,  and  found  it  to  be  to  the  diameter  of  the  globular  part  of  the 
glafs,  as  I  to  14  :  fo  that,  the'  the  little  bubble  had  been  a  pcrfeft  fphere, 
it  muft,  when  expanded,  have  been  2744  times  as  big  as  when  unexpanded. 
But  Dr.  IVallt!,  obfcrving  the  great  thinnefs  of  the  bubble,  pofitively  af- 
firm'd,  that  he  could  not  eflimatc  it  to  be,  at  moft,  any  bigger  than  the 
third  part  of  a  perfeifi:  fpiiere  of  chat  diameter:  by  which  eftimate,  the 
expanfion  of  the  bubble  maft  have  reach'd  to  8232  tiSftB  its  natural  di- 
•menfions.  Yet  by  letting  as  much  water  into  the  receiver  aS  it  would  ad- 
init>  we  found,  that  we  had  not  exhaufted  all  the  air. 

138.  Ac  another  time,  a  fmall,  and  almofl  inviHble  bubble,  expanded 
itfelf,  when  the  ambient  air  was  pretty  well  exhaufted  to  mofe  than 
-ten  thoufand  times  its  former  extent.  We  took  a  finall  bolt-head,  blown 
'«t  a  tamp,  which  contain'd,  in  aK,  about  eighty  grains  of  water ;  and 
inverting  the  fmall  neck  into  a  jar  of  water,  it  was  included  in  the 
receiver  J  and  the  ambient  air  being  exhaufted,  numerous  bubbles  rofe 
out  of  che  water,  and,  expandi:^,  quidily  drove  all  the  water  out  of  the 
bolt-head.  Then,  re-admitting  the  outward  air,  the  bolt-head  was  pre" 
ieRCly  almoft  fill'd,  and  all  the  expanded  air  Ihrunk  into  a  bubble  httle 
bi^rthana  finall  pin's  head  ;  when,  taking  the  bolt-head  outof  che  wa- 
ter, and  inverting  it,  that  the  bubble  might  get  out  at  the  neck,  we  carei- 
'&Ily  fill'd  it  up  with  the  water  that  had  been  freed  from  air  •-,  and,  chen, 
inverting  it,  as  before,  into  the  jar  with  water,  we  again  included  it ; 
.«nd,  after  fome  exiViftions,  found,  that  there  was  got  out  of  the  water, 
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into  the  neck,  a  very  ccmfpicuous  bubble,  which,  upon  admitting  the^«J*j^«< 
air,  fhrunk  almoft  into  an  mvifible  one,  and  afcended  into  the  head  of  ^^V%/ 
the  glafs.  Then,  again  exhaufting  the  receiver  very  well,  we  found  it  ex- 
pand itfelf,  fo  as  to  ml  the  capacity  of  the  bolt-head,  and  to  drive  out  almoft 
all  the  water.  And,  upon  re-admitting  the  air,  it  again  fhrunk  into  a 
bubble,  whofe  diameter  (according  to  our  beft  eftimate)  was  not  more  than 
a  two  and  twentieth  part  of  the  diameter  of  the  head  of  the  above-mentionM 
glafs ;  fo  that,  to  fill  the  whole  cavity  of  the  head  only,  it  expanded  it&lf 
1064S  times :  but,  becaufe  it  filled,  likewife,  the  greateft  part  of  the  neck, 
we  found,  bv  weigliing  the  water  which  fiU'd  that  part,  and  the  water 
which  fill'd  tne  head,  that  the  capacity  of  that  part  of  the  neck,  was  al- 
moft a  third  of  the  capacinr  of  the  head;  being  as  141  to  481.  If,  there- 
fere^  481,  the  capacity  ol  the  head^  contained  it  10648  times;  141,  the 
capacity  ci  the  neck,  muft  contain  it  3 121 44 r  times;  fo  that,  in  all,  the 
fmall  bubble  of  air  was  expanded  to  above  13769  times  its  former  bulk» 

The  diameter  of  the  fmall  bubble  contraAed,  was  tt  inch* 

The  diameter  of  the  outfide  of  the  head  of  the  glafs  was  t4  inch. 

The  water,  that  fillM  the  head  only,  weighM  fixty  grains  and  a  half. 

The  water  that  filled  the  head,  and  as  much  of  the  neck  as  the  air  had 
before  expanded  itfelf  into,  weigh'd  fevcnty-eight  grains,  and  one  e>ghth  ; 
whence  that  part  in  the  neck  weighed  feventcen  grains,  and  five  eighths. 
The  bolt-heaa  itfelf  weigh'd  fifteen  grains. 

i3P.  We  tried  this  experiment  again,  and  found  a  fmall  bubble,  much 
about  one  twelfth  of  an  inch  in  diameter,  fiU'd  not  only  the  ball  at  the 
end  of  the  bolt-head,  (which  was  an  inch  and  a  half  in  diameter,)  but  the 
whole  neck, which  contain'd  near  as  much  water  as  the  head ;  and  beat  down 
the  furface  of  the  water  within  the  pipe,  much  below  that  of  the  water 
external  to  it. 

Thcfe  experiments  may  give  rife  to  inquire,  what  figiures  and  motions 
in  the  particles  of  the  air,  can  explain  fuch  a  wonderful  rarifaAion,  per- 
haps, without  quite  lofing  its  durable  fpring;  how  the  air  comes  to  be  ra«- 
.  riHable  fb  many  times  more  without  heat,  than  hitherto  we  have  found  it 
by  heat ;  and,  laftly,  what  might,  reafonably,  be  conje£lur'd  about  that 
part  of  the  cavity  of  an  cxaftly  clofed  glafs,  where,  tho'  the  eye  difcovers 
no  viflble  fubftance,  it  appears  not,  that  the  common  air  adequately  fills 
£0  much  as  the  ten  thoufandth  part. 

140.  It  has  not,  that  I  know  of,  been  attempted  to  difcover,  whether  thc^tit  JmMUm  4 
air  either  in  the  utmofl,  or  in  the  intermediate  degrees  of  rarifaf^ion  we*Vfrji«y  <*^ 
can  bring  it  to,  retains  a  conftant  and  durable  dafticity ;  and  what  other^*      ^' 
properties  it  either  gains  or  lofes  by  confinement*. 

To  attempt  fomething  of  this  kind,  I  caufed  a  good  bubble  of  glais, 
with  a  item,  to  be  fo  blown  at  the  flame  of  a  lamp,  that  whilft  the  ball  was 


*  Mr.  Eauksbee  has  fiiewn,  by  experi- 
ment, that  the  fpring  of  the  air  may  be 
fo  difturVd  by  violent  prcfltire,  as  to  re- 
qoire  a  confiderable  time  to  recover  ict 


natural  tone  and  temper ;  and  that  this 
tone  will  be  as  the  force  employM,  or  its 
continuance  in  fuch  a  violent  ftate.  H^ttdtsk* 
Exfifim.  paic^— iia»  and  p^  itfa— <*i^tf« 
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■jj^  yet  exceeding  hot,  and,  confcquentJy,  contain'd  none  but  higlily  ran'ly'd 
»^^  air,  the  ftcm  was  fuddenly  i'eal'd  up.  This  bubble,  many  ni'.>nths  afxr, 
I  inverted  into  a  baibn  of  water ;  and,  liaving  broken  oft  the  leal  under 
the  furface  of  it,  the  liquor  was  violently  impclrd  into  the  cavity,  yec  was 
not  ab!e  to  fill  it ;  a  confidcrable  pan  bci:ig  defended  from  the  farther 
afccnt  of  tlK  water,  by  the  fpring  of  tlie  remaining  air  ;  which,  for  all  the 
long  itretch  it  had  been  pur  to,  had  not,  that  we  obferv'd,  loft  any  thing 
of  its  fpring.  At  another  time,  leaving  a  very  fmall  proponion  of  air  in 
the  folds  of  a  fine  Umber  bladder,  wliofe  neck  was  very  clofely  tied;  by 
the  help  of  the  air-pump,  it  was  fo  expanded,  that,  at  length,  it  fcem'd 
to  fill  the  whole  bladder,  and  reduce  it  to  the  extent  it  liad,  juft  before 
'twas  cmpty'd.  And  the  bladder,  by  a  peculiar  contrivance,  was  ib  in- 
cluded in  another  veffel,  that,  being  procefted  from  the  outwaed  air,  it 
maintained  its  tumid  figure  ;  and  in  that  unwrinkled  ftatc  it  continu'd  for 
near  three  years. 

I,  afreiwards,  contrived  an  inftrument,  fit  to  di&over  how  long  air, 
""  brought  to  the  greateft  expailfion  I  could  conveniently  reduce  it  to  in  my 
■  engine,  will  retain  its  fpring ;  and  by  what  degrees,  or  ftages,  and  pe- 
riods of  time,  thedecreafe,  if  any  happen,  is  made.  But  I  could  not,  by 
its  means,  obferve  any  remarkable  dtminution  in  the  air's  elafticity,  tho* 
it  was  preis'd,  and,  as  it  were,  clogg'd  with  a  weight,  which  one  would 
wonder  how  it  could,  when  'twas  fo  highly  rarify'd,  lupport  for  one  mi- 
nute. And,  .in  one  of  them,  we  found  not,  in  ten  weeks  time,  any  con- 
fiderabfe  variation  J  for  the  little  fhrinking  of  the  air,  difcoverablc  by  an 
attentive  eje,  might  be,  probably,  afcribed  to  the  change  of  the  weatiier 
to  a  far  greater  degree  of  coldnefs. 

I,  alfo,  contriv  a  a  little  portable  inftrument,  wherein  the  air  being  ex- 
panded, as  one  may  gucfs,  to  five  or  Ci\  hundred  times,  (perhaps  a  thou- 
fend  times)  its  wonted  extent,  has  not  only,  for  a  long  rime,  preferv'd  its 
fpring ;  but,  alfo,  the'  very  much  dilated,  without  heat,  the  beat  of  the 
fend,  applyM  to  the  outfide  of  the  vefl'el,  has  a  quick,  and  very  manifeft 
operation  ;  and,  upon  the  withdrawing  thereof,  the  air  quickly  returns  to 
its  former  dimenfions,  and  temper :  fo  that  it  may  be  employ'd  as  a  kind  of 
weather-glafs. 

141.  A  cylindrical  glafs,  blown  at  a  lamp,  and  having  .a  longftem  coming 
out  at  the  unfeal'd  end,  was  quite  fill'd  with  water,  and  inverted  into 
-.mon;,  placed  at  the  bottom  of  a  large  pipe,  feal'd  at  one  end,  and  of  three 
.or  four  feet  in  length:  this  external  pipe  was  exhaufted,  till  the  air,  that 
difclofed  itfelf  in  the  water  of  the  internal  one,  had  forc'd  out  the  water, 
5n  the  cylindrical  glafs,  as  low  as  the  upper  part  of  the  fteni ;  at  wtudt 
-great  expanlion  of^the  air,  the  external  pipe,  being  fijeedily  and  fecurely 
^dofed  by  a  certain  contrivance,  the  air,  thus  rarify'd,  was  kept  ibin&- 
times  in  my  own  chamber,  that  was  warmer  ;  fomerimes  in  an  under-roomj 
and,  after  it  had  been  kept,  from  firft  to  laft,  about  eleven  weeks,  or 
jjiree  months,  without  any  other  remarkable  variation,  than  that  in  the 
rfcold  room,  (he  water  oicended  a,  little  at  that  pan  of  ;he  internal  pipe, 
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where  the  lower-end  of  the  cylinder  gradually  letfenM  itfelf  into  tfte  flen- P*«j^«^ci« 
der  ftem.  At  length  we  broke  off  the  clofed  apex,  when  the  water  v;as  ^^-^^Xi^ 
but  leifurely  (becaufe  of  the  flendernefs  of  the  orifice  made  for  the  air  to 
get  into  it)  impeUM  up  into  the  deferted  cavity  of  the  cylinder,  which  it 
wholly  fill'd,  except  a  little  bubble,  exceeding  fliallow.  We  made  ufe  of 
our  eyes,  at  a  fit  diftance,  and  of  compa(les,  both  ordinary  and  callaper, 
to  obtain  thefe  meafures.  The  cylindrical  part  of  the  internal  pipe  was 
three  inches  in  length ;  and  three  firais  of  an  mch,  or  lefs,  in  diameter,  on 
the  outfide.  The  bubble  was  two  tenths  in  diameter,  and  about  tv  o 
hundredths  in  depth.  From  all  which,  according  to  Dr.  fVallis,  who  af- 
fifted  in  the  experiment,  the  natinal  bubble  was,  to  the  (pace  it  poiTefs'd, 
when  expanded)  as  i  to  1350. 

142.  After  tte  middle  of  September ^  on  a  fun-fliiny  day,  about  noon,  we^'^j/^* 
took  a  bolt-head,  or  round  vial,  furnifliM  with  a  long  ftem,  and  plac'd  \tanA  ul^eoJ^^ef* 
in  a  frame  purpofely  provided,  fo  that  the  ftem  was  perpendicular  to  ^^e^^^^^'JJJ^ 
horizon,  and  the  globular  part  fupported  by  fuch  a  veflel,  that  thorough  a  **  '^ 
hole  made  in  its  middle,  the  flianK  reach'd  downwards,  till  the  orifice  of  it 
was  a  little  immersed  beneath  the  furface  of  a  glafs  of  water,  placed  at  the 
bottom  of  the  frame.  This  done,  we  took  a  large  proportion  of  beaten  ice, 
and  mix'd  it  with  a  due  quantity  of  bay-falt.and  not  only  laid  it  round 
about  the  lower  part  of  the  ball ;  but  the  veflel,  contiguous  to  that  part, 
being  purpofely  made  with  fum'd-up  brims,  we  heap  d  up  the  frigorific 
mixture,  10  as  to  bury  the  whole  fpherical  part  of  the  glafs  in  it,  and  co-> 
ver  the  very  top  of  it  therewith  to  a  confiderable  thicknefs  ;  whereby  the 
air  within  being  exceedingly  cooled,  the  water,  in  which  the  ibank  termi* 
nated,.  was  made  to  aicend  £aft  along  the  cavity  of  that  (hank,  till  we  per-* 
ceived  it  would  reach  no  higher :  but,  after  a  while,  it  bc^n  to  fubfide 
again ;  which  nick  of  time  being  carefully  watched,  we  made  a  mark  at 
the  higheft  fkation  of  the  fluid,  and  then  t^ng  out  the  bolt-head,  we  iill'd 
it  with  water  ;  allowing  for  that  {mall  part  of  the  ftem  which  was  im- 
mersed at  the  beginning  of  the  operation.  This  water  weighM  nineteen 
ounces,  and  fix  drams ;  then  weighing  as  much  water,  as  fulled  to  fill  the 
ihank  up  to  the  mark  before-mention  d,  we  found  that  to  be  one  ounce  and 
three  drams ;  by  which  number,  the  former  being  divided,  the  quotient  is 
14  TV  drams :  lb  that  the  proportion  of  the  two  quantities  of  water,  being 
as  II  to  158,  the  fpace  into  which  the  air  was  condenfedby  refrigeration, 
was  to  the  fpace  it  poffefsM  in  its  former  ftate  of  laxity,  as  i47>  to  i$8 ; 
and,  confequently,  the  greateft  conden&tion,  that  fuch  a  time  of  the  year, 
fuch  weather,  and  fo  high  a  refrigeration  could  bring  the  air  to,  made  it 
lofe  but  -TTT  of  its  former  extent. 

But,  in  the  following  condenfation,  or  compreffion  of  air,  tho'  cold  were, 
indeed,  employ M,  jet  uiat  could  not  contra£b  the  air  to  any  thing  near  fuch 
a  d^ee,  wHere  the  frigorific  mixture  did  not  primarily,  or  immediately, 
comprels  the  inckided  air ;  but  only  fb  affedled  the  water  that  was  ftiut  up 
with  it  in  the  fame  veffel,  as  to  make  it  fwell^  and^  confequently,  crowd 
the  aerial  particles  into  lefs  room.^ 
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^^^^  nor  long,  and  filfd  it  fo  far  with  common  water,  that,  being  hermcocaliy 
fenl'd,  the  liquor  reach'd  within  three  inches  of  the  cop ;  and  making  an 
eftimate  of  the  Iharp  end,  left  fo  for  the  conveniency  of  fealing  up  the 
glafs,  we  guefs'd,  it  to  be  about  a  quarter  of  an  inch  in  length  ;  then,  ap- 
plying fnow  and  fait  to  the  lower  part  of  the  bolt-head,  we  readily  drove 
.  out  the  water  further  and  further  into  the  neck,  till  at  length  it  was  got 

up  to  the  bafis  of  the  (harp  conical  end,  where  the  glafs  was  feal'd  j  and 
then,  juft  as  I  was  looking  upon  it,  the  glafs  flew ,  with  a  noife,  abonc  my 
ears  ;  being  broke  into  many  pieces,  which  arsocd  the  compreifion  of  the 
air  to  have  been  very  great.  And  Dr.  IVaHii,  who  was  prrfent,  and 
.  meafur'd  it  from  time  to  time,  defired  me  to  regifter  the  experiment,  with 

F  his  eftimate  ;  which  is,  that  the  air  was  reduced  into  the  fortieth  part  of 

D  its  former  dimenfions. 

r  This  condenfation  of  the  air  isthemorcfurprlzing,  becaufe  fome  of  the 

\  grcateft  mathematicians  of  our  age,  have  not,  with  wind -guns,  and  other 

[  forcible  engines,  been  able  to  crowd  the  air  into  lefs  than  the  fifteenth  part 

of  its  ufnal  extent. 
tJBtfruMg       143.  Tho' we  could  not  find,  that  cold,  in  our  climate,    would  reduse 
hTrfi'i"'  the  air  into  near  the  twentieth  part  of  its  natural  fpace,  by  condenfation  i 
nfMiij    yetj  heat  will  advance  it  to  near  fcventy  times  its  ufual  laxity,  by  ra- 
S^S-l  rlfaaion. 

But,  as  by  engines,  and  artificial  contrivances,  the  air  may  be  two  or  three 
times  more  comprcfs'd,  than  naturally  it  is,  even  in  frofty  weather  j  fo, 
en  the  other  fide,  it  may,  by  means  of  art  and  inftruments,  be  much 
more  rarified,  and  expanded,  than  has  been  hitherto  found,  by  the  bare 
application  of  external  hear,  even  that  of  an  intenfe  fire. 

We  may,  alio,  obferve,  how  much  the  utmoft  decree  of  its  rarifaftion 
by  heat,  mention 'd  by  Merfenmis,  falls  ftion  of  the  degree  to  which  ic  has 
been  advanced  in  our  pneumatical  engine  ;  the  proportion  betwixt  the  two 
being  that  of  about  r  to  70. 

But  the  air,  we  make  our  trials  with,  upon  the  farface-of  the  earth,  is 
not,  properly,  in  a  free  and  indifferent  ftate,  with  regard  to  rarifaftion, 
and  concfcnfttion  ;  but  already  highly  comprefs'd  by  the  weight  of  the  at- 
mofphere  refting  upon  it  r  whHft  the  air  to  be  ranfied,  has,  by  virtue  of 
its  fpring,  a  ftrong  tendency  to  dilate  itfelf. 

Here,  then,  feems  to  be  a  furprizing  mutability  of  the  air,  as  to  rarity 
and  denfity  ;  whereby  the  fame  quantity  of  air  being,  fometimes,  com- 

JirefsM,  and  fometimes  dilated,  may  change  its  dimenfions  to  a  degree,  that 
ecms,  almoft,  to  tranfcend  the  power  of  nature  and  art  ;  and,  Byconfe- 
quence,  might,  probably,  berejefted  as  incredible,  if  it  were  abruptly, 
and  nakedlv  propcfed  :  for,  we  can  fcarce  fafely  put  determinate  limits  to 
the  ftupendous  rarity,  which  the  upper  part  of  the  atmo^here,  being,  al- 
moft totally,  uncomprefs'd,  by  incumbent  panicles  ofair,,  may  be  flippo- 
&d  to  have  by  nature,  unsifted  with  an. 
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But  to  compare  tocher  the  fmalleft  extent,  to  which  wc  have  reducM  ^J^^iT* 
the  air,  by  condenfation,  and  the  greateft  to  which  we  have  advanced  it  by  ^^  ^^ 
rarifaftion  i  the  extent  of  the  fame  quantity,  highly  rarified,  is,  to  leave  out 
fomeodd  hundreds,  i  j,ooo  times  greater  than  before  ;  which,  being  mul- 
tiplied by  40,  the  d^rees  of  the  air's  compreflure,  it  will  amount  to  5  20,000, 
for  the  number  of  times,  by  which  the  air,  atone  time,  may  exceed  itfelf 
in  bulk  at  anodier  :  a  dilference  truly  furprizing,  tho%  doubtleis,  it  might 
becarricd  vaftlyliigherJ  * 

SECT.  m. 


BEfore  we   proceed  to  our  other  pneumatical  experiments,    tis  ne- 
ceflary  topremife,  what  relates  to.  the  improvements  of  the  chief  en- 
gine, wherewith  they  were  made,  and  to  the  other  inftruments  employed 

therein. 

In  our  engine,  with  a  double  barrel,  for  exhaufting  the  air,  A  A,  are  two  A  itfcnftifm^ 
pumps  made  ot  brals.  j^R  bsmifm 

BB,  two  fuckers  or  Emholi,  hollow  within,  and  open  below.  €:d^a^fii$|gtb$ 

CC,  two  holes  in  the  upper  part  of  the  fuckers,  with  valves  opening  f^.  ^ 
outwards,  to  let  the  air  eicape,  and  hinder  it  from  coming  in. 

DDDD,  iron  rods,  ferving  to  move  the  Emboli,  being  annex'd  to  them. 

££,  two  flat  iron  ftirrups,  at  the  top  of  the  rods  DD,  on  which,  the 
operator  muft  ftand  to  work  the  engine. 

GGG,  a  cordjoin'd  to  the  two  ftirrups,  andrunnbginthe.pullyH. 


"^  Air,  near  the  earth*s  furface,  poflefles 
about  850  times  the  fpace  of  an  equal 
weight  of  water ;  aad,  therefore,  fays  Sir 
IfaMc  NiNofdttf  **  «  cylindrical  column  of 
**  iut,  850  feet  high,  isof  the  fame  weight 
^*  with  a  column  of  air  9,  foot  in  height, 
^  and  of  the  fame  diameter.  But  a  co- 
**  lumn  of  air,  reaching  to  the  top  of  the 
*^  atmoiphere,  is  equal  in  weijght  to  a  co- 
**  lumn  of  water,  of  about;  3  feet  hi^  ;if, 
**  therefore,  the  lower  part  of  the  whole 
**  aerial  column  of  850  feet  high,  be  de« 
'*  dufiedy  the  remaining  upper  part  will 
**  beequal,  in  weiaht,  to  a  column  of  wa- 
**  ter  32  feet  hig^i.  Nowy  fince  the  air 
^^  is  comprefsxl,  in  proportion^  to  the 
**  atmofpnere  dut  rcSs  upon  it ;  and 
-^*  fince  gravity  is  redprocally  as  the 
**  fquare  of  the  diffamce  of  the  place 
**  from  the  earth's  center;!  have  found,** 
iiiyihe,  **  that  air,  in  afcendiogfrom  the 
**  furface  of  the  earth,  to  the  height  <^ 
'^*  onefemi-diameter  thereof,  is  .rarer  than 


^  with  us  in  a  far  greater  proportion," 
^*  than  that  of  4dl  the  fpace  below  the 
«  orbcf  &ffirr;f,  'to  a  fphere  of  an  inch 
**  diameter*  Gonfequently,  fuch  a  fphere 
**  of  our  air,  of  the  rarity  it  has  at  the 
**  height  of  a  femi-diameter  of  the  earth, 
^*  would  fill  all  the  r^ons  of  the  planets, 
^*  as  far  as  the  orbit  (SSatHmf  and  vaftly 
**  farther  !  "    Newtotu  Prlnch.  p.  470,  ^ 

This  prodigious  degree  or  ratif&fiion,' 
ieems  unintelligible  to  Sir  Ifasf  Ukmon^  by 
feigning  the  particles  of  air  to  be  fpringy 
and  ramous,  or  rolled  up  lilce  hoops ;  or, 
by  any  other  means  than  a  repulfive  pow- 
er ;  which  is  much  greater  here  than 
in  other  bodies,  beeaufe  air  is  very  diffi- 
cultly generatedout  of  very  fix'd  bodies  ; 
and  Tcarce  without  the  affiftance  of  fer- 
mentation ;  for  thoic  particles  recedefrora 
one  another  with  the  greateft  force,  and 
are  moft  difficultly  brought  together^ 
whichy  upon  contaa,  cohere  mofiftrong- 
ly.    Ntmmin  Ofiic.  p.  }  7 1,  3  71. 
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MM,  a  tube  reaching  from  both  pumps  to  the  plate  OO,  by  means  of 
the  curvature  PPQQ_i  which  oujjhc  to  be  lb  lon^,  that  the  tube  PQQ.  may 
not  hinder  the  pumper  from  ftanding  conveniently  on  the  ftirrups  EE. 

OO,  a  plate  bored  in  the  middle,  on  which,  the  receivers,  tobeevacu- 
twd,  arc  placed ;  as  R,  for  example. 

Before  this  engine  canbe  fie  for  ufe,  it  is  to  be  put  into  a  frame  of  wood, 
to  fupport  it,  as  F^g.69.  and  as  much  water  is  to  be  poured  thro'  the 
hole  Q,  in  the  plate  OO,  into  the  pumps,  as  will  fill  the  cavities  of  the  fuc- 
kers, and  a  little  more :  then,  a  pcrfon  muft  ftand  on  the  two  iron  ftirrups 
EE,  and  alternately  deprefs  and  elevate  them.  By  this  means,  the- 
fuckers,  foUownng  the  motion  of  the- ftirrups,  in  their  afccnt,  will  leave  the 
fpace  in  the  bottom  of  the  pumps  empty  ;  and  fince,  as  all  otlier  paflagc 
is  denied  from  the  air,  that  alone,  which  is  contain'd  in  the  receiver  R  is 
convey 'd  into  the  pumps,  by  the  tube  QQPPM,  and  opens  the  \-alve 
L,  which  being  prefently  Ihut,  hinders  the  fame  air  from  returning : 
wherefore,  the  fucker  afterwards  defccndiitg,  comprefleth  that  air ;  whence 
c£  neceffiry,  the  valve  C,  muft  be  open'd,  and  all  the  air  pafs  out  at  it ;  be- 
caufe,  the  water  in  the  bottom  or  the  pumps,  exaftly  fills  all  the  frace, 
andaifo  regurgitates  thro' tlic  valve  C. 

This  double  engine  is,  upon  many  occafions,  preferable  to  a  fingle  one  ; 
fince  it  doth,  not  only,  produce  a  double  effeft,  but,  alio,  performs  it  much 
moreeafily:  for,  in  thofe  engines,  which  are  furnifli'd  but  with  one  tube 
whilft  the  fucker  is  drawn  up  to  evacuate  the  pump,  the  whole  pillar  of  tlie 
air,  incumbent  on  the  fucker,  is  to  be  elevated  by  force ;  and  again,  when 
the  fucker  returns,  it  is  alfo,  by  force  to  be  reftrain'd,  left  it  fliould  be  too 
fwiftlyimpell'd  by  the  air,  and  fo  break  the  bottom  of  the  engine;  but,  in 
thefe  double  engines,  the  operator  is,  in  a  manner,  wholly  free  from  that 
toil.  Fotj  in  lie  firfl  fudnons,  the  Emboli  are  cafily  lifted  up,  becaufe 
the  air,  immediately  derived  from  the  receiver  R,  into  the  pumps,  prelTeth 
the  fuckers  downwards,  almoft  as  ftrongly,  as  the  external  air,  incumbent 
on  the  oppofite  part;  and,  when  the  quantity  of  die  internal  air  is  dimi- 
nifii'd^  the  fucker,  to  be  deprefs'd,  tends  downward  with  the  greater  force, 
and  lo,  by  means  of  the  cord  GGG,  compaffinjg  the  puUy,  draws  the  other 
Embolus  upwards,  and,  at  the  fame  time,  hinders  it  from  defcending  with 
too  great  velocity ;  and,  by  this  means,  both  fuckers,  at  one  and  the  fame  " 
time,  will  aflift  the  pumper.  And,  as  the  Emboli  make  but  a  very  fmall 
refiftancc,  the  two  pumps  of  this  engine  may  beply'd  with  greater  eafe  and 
expedition,  than  one  pump  in  fingle  engines  ;  whence,  this  cMitrivanee  is  of 
great  ufe  in  thofe  experiments,  whichcannotwellbe  made  flowly. 

The  whole  gage  ABCDE,  confifts  of  three  glafs-tubes,  all  well  ce- 
mented together,  fo,  that  a  paflage  remains  open,  from  one  to  the  other; 
the  firft  of  thefe  tubes  A  B,  being  open  at  theextremity  A,  is  of  lefs  capa- 
city, than  the  tube  BCD,  but  of  greater,  than  EIX    The  tube  BCD, 
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is  crooked  in  tl^e  middle,  tnd  the  tube  ED,  oi^t  to  be  hcrmeticaliy  fctl\i,'»55J*J*; 
at  the  extremity  E ;  but  the  part  BCD,  muft  be  fill'd  with  mercuiy. 

If  this  ibftrument,  thus  prepar'd,  be  put  into  a  receiver,  out  of  which, 
the  air  is  to  be  extraAed,  the  air  remaining  in  the  part  ED,  will,  by  its 
fpring,  comorefs  the  mercury  DCB,  and  force  it  to  afcend  into  the  part 
BA,  and  ittelf  will  be  dilated  in  the  cavity  DC.  If,  then,  the  following 
proportions  be  duly  obferv'd,  between  the  ma^tude  and  length  of  the 
tubes,  when  the  -air  is  extia£ted,  the  mercury  will  almoft  reach  to  the  top 
A,  and  the  air  in  the  other  leg,  being  fo  dilated,  that  it  cannot  fuftain  a 
greater  body  of  mercury,  will  remain  included  in  that  fpace. 

'  But,  that  this  inftrument  may  exafUy  ihew  the  quantity  of  the  air  pro- 
duced in  a  receiver ;  the  tubes  AB,  ED,  are  to  be  diftinguiih'd  by  marks 
into  feveral  parts :  and,  when  the  lirriceUiau  experiment  is  made,  upon 
the  plate  LM,  of  the  pneumatic  en^e,  as  Fig.  70.  a  receiver  FGE,  is  to 
be  taken,  perforated,  at  the  top  F,  and  the  tube  HI,  is  to  be  tranJpnit- 
ted  thro'  the  hole,  that  fo  the  receiver  may  be  apply 'd  to  the  plate :  and, 
then  the  hole  F,  being  ftopM,  and  the  gage  ABCDE,  put  into  tne  receiver, 
the  air  is  to  be  exhaufted:  the  air,  then,  being  dilated  in  the  receiver,  the 
mercury  cannot  be  fuftain'd  fo.high  in  the  tube  HI,  but  muft  defcend  by 
degrees ;  and,  at  the  iame  time,  the  air  of  the  tube  ED,  gradually  drives 
the  mercury  into  the  tube  AB.  Now,  when  the  mercury,  in  the  tube  HI, 
defcends  to  the  height  of  twenty-nine  inches,  and  remains  at  that  height, 
if  we  mark  how  high  the  mercury  hath  afcended  into  the  tube  AB,  we  may 
know,  that,  as  often  as  the  mercury  in  the  gage  ihall  reft  at  that  height, 
the  air,  in  the  fame  receiver,  will  be  able  to  fuftain,  only  twenty-nine 
inches  of  mercury ;  whence  that  place  in  the  gage  muft  be  marked  with  the 
figure  ivcnty-nine :  and  fo,  every  inch  of  the  mercury's  defcent  in  the 
tube  Ifl^  may  be  marked  in  our  mercurial  gage,  when  the  part  AB,  will 
ihew  all  the  degrees  of  the  rarifaAion  of  the  air. 

But,  now,  if  the  air  be  xondens'd  in  the  receiver,  above  its  wonted  pref- 
fure,  and  all  ways  of  its  efcape  be  ftopM,  it  may  immediately  be  known, 
by  the  tube  ED  j  for  the  mercury  will  be  impelled  into  it,  by  the  incumbent 
air,  thro'  the  open  hole  fo  much  the  higher,  as  the  compreiTure  of  the  air  in  the 
receiver  (hall  be  the  greater ;  and  how  great  that  is,  and  what  an  altitude  of  the 
mercury  it  can  fuftain,  may  eafily  be  found,  by  computation,  thus. 
*  It  has  been  prov'd,  that  the  fpace  polTefs'd  by  air,  is  diminifh'd  in  the 
fame  proportion,  as  the  compreffing  force  increafes,  and  vice  verfl. 

Let  then,  the  fpace  A,  be  poflefs'd  by  a  certain  quantity  of  air,  whilft 
the  compreffing  force  is  F :  if  we  increafe  tlwit  force  by  the  addition  of  G, 
which  is  ec^ual  to  it,  our  felf-fame  quantity  of  air  will  be  reduc'd  to  half 
its  fpace,  lo  that  B,  the  remaining  Ip^ce,  will  be  hatf  of  the  total  fpace 
A,  as  the  former  preflure  F,  is  hatt  of  the  total  preffure  F  and  G.  And,  if 
we  further  increafe  the  preffure,  by  the  addition  of  H,  fo  that,  the  firft 
preffure  F,  is  only  one  fourth  of  the  total  preffure  F  and  G  and  H,  the  air  can 
poffefs  only  the  fpace  C,  which  is  one  fourth  of  the  total  fpace  A. 
Thus,  the  remaining  fpace  will  always  be  in  the  fame  proportion  to  the  to- 
tal rpace^  as  the  £xft  pre^e  is  to  the  total  pre(Iiu:6»  So 
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j**|«J     So  that  the  remaining  fpacc,  being  to  tlie  total  fpace,  as  the  firff  pnC- 

f^^  fure  is  to  the  total  prcffure  ;  tKrcc  of  thefe  terms  being  known,  it  will 

be  eafy   to  find  a  fourtfi,  by  the  rule  of  proportion.     For  inftance,  in 

our  Rage,  let  the  tube  ED,  be  the  total  fpace,  into  which  tlie  air  is  com- 

Jtrefs'd,  by  the  ufual  prelTiire  of  the  air,  which,  in  England,  is  equiva- 
ent  to  tiiirty  inches  of  mercury  ;  the  firft  prelTure,  therefore,  will  be  thir- 
ty inches  of  mercury.  Now,  if  that  prelfure  be  incrcafed,  and  the  air 
reduced  into  a  lefs  fpace,  fuppofe  mto  the  fpace  NE  ;  to  find  the 
quantity  of  this  prcfTiire,  I  mealure  the  remaining  fpace  NE,  and  con- 
ftitutc  that,  fuppofe  fix  inches,  for  die  firft  term  of  the  proportion; 
tjien,  the  fecond  term,  will  be  the  total  {pace  DE,  fuppofi:  twelve  inch- 
es; the  third  term,  the  height  of  thirty  inches  of  the  merciir)',  which 
was  the  firft  preflure;  and  fo  the  founh  term,  or  total  preflure,  will  be 
found  to  be  fixty  inches  of  mercury :  whence  I  conclude,  tliat  the  preffure 
of  the  air  in  the  receiver  can  fuftain  the  mercury  to  the  height  of  fixty 
inches  ;  and  foof  the  reft. 

From  the  fame  principle,  it  will  be  eafy  to  find,  what  ought  to  be  the 
proportion,  between  the  fize  of  the  tubes  AB,  and  ED.  For  that  de- 
pends on  the  length  of  the  legs,  which,  the  higher  they  are,  fo  much 
the  better  they  reftrain,  and  keep  in  the  air,  but  little  dilated,  in 
thefeal'd  part,  Forinftance,  let  the  length  AB,  be  ten  inches,  which  height 
of  the  mercury  is  one  third  of  the  accuftom'd  preltuie,  and  it  is  fufficient, 
that  the  tube  HB,  be  twice  as  big,  as  the  tube  ED  ;  for,  after  tlie  mercury 
hath  afcended  to  the  top  of  the  tube  AB,  the  air  included  in  the  other  leg, 
expanding  itfelf  into  the  fpace  forfaken  by  the  mercury,  will  poflefs  three 
times  more  than  its  former  fpace ;  and  fo  one  half  of  the  firft  preflure, 
whicli  is  ten  inches,  will  be  fufficient  to  curb  its  fpring.  But,  if 
the  legs  were  ftiorter,  the  mercury  would  be  expell'd,  oy  the  included 
air,  at  leaft  in  pan.  And,  therefore,  the  magnitude  of  the  tube  AB, 
ought  to  have  a  greater  proportion  to  the  magnitude  of  the  tube  ED,  that 
the  afcending  mercury  may  afford  more  fpace  to  the  air,  to  be  dilated  ;  fo 
tliat  the  fpring  of  the  air  being  weaken'd,  the  weight  of  the-mercury  can- 
not be  overcome.  And,  thus  it  would  happen,  if  the  height  of  the  gage 
were  to  the  height  of  thirty  inches,  in  the  fame  proportion  with  the  firft 
■fpace  of  the  air,  to  the  total  ipace  it  would  poflefs »»  iJafKo. 

The  height  of  the  tube,  ftiould  rather  be  too  long,  than  too  fliort ;  be- 
caufe,  if  it  be  too  (hort,  the  mercury  will  be  expel^  in  part,  and  fo,  not 
-fliew  all  the  degrees  of  rarifadlion ;  but,  if  it  be  too  long,  the  mercury 
will,  only,  not  reach  to  the  top,  and  fo  the  gage  will,  nevertheleis,  (hew 
.all  the  ^variations,  tho'  they  be  lefs  fenfible. 

But  the  tube  DC,  ought  to  contain  a  fufficient  quantity  of  mercurj',  at 
the  leaft,  to  fill  the  tube  AB,  be&re  any  paflage  be  open'd  for  the  air  incUi- 
jded  in  the  tube  ED. 
■j^**"^"-        In.  our  engine  to  comprefs  the  air,  A  A,  is  a  glafs-veflel,  whofe  orifice  is 
^'  '**         exquifitely  fitted  to  the  flat  plate  RB. 

BS,  is  a  flat  plate  of  brau,  made  taclofe  the  veUH  AA  exa^. 
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CC,  ft  fmall  tube  of  brals,  paiSng  thro*  the  middle  of  the  pitte,  ^  J*!5S^ 
faftened  thereto.  V^VXi 

E,  a  little  valve,  opening  inwardly,  to  fliut  the  fmall  tube  C 

F,  the  fpring  deprefGng  the  valve  E. 

GGG,  the  gnomon  £aftened  to  the  plate  BB,  made  for  reftraining  th# 
Ipring  F. 

II,  a  fquare  lath,  fuftaining  the  plate  BB,  and  bored  thro'  m  the  mid-* 
die,  to  tranfinit  the  little  tube  C. 

LLL,  LLL,  two  iron-wires,  which,  pafling  thro'  the  holes  in  the  lath 
II,  and  compaffing  the  upper  part  of  the  iron-plate  KK,  hinder  the  plate 
from  being  much  moved  from  the  lath. 

KK,  an  iron-plate,  with  a  hole  in  the  middle,  formed  into  a  female- 
Icrew,  to  receive  the  male-fcrew  MM. 

MM,  an  iron-fcrew,  ftraitly  to  conjoin  the  receiver  AA,  with  the  plate 
BB ;  and,  left  the  brafs-veflel  ihould  be  broken,  it  is  proper  to  put  lome 
wood  and  leather  between  the  fcrew,  and  the  upper  part  of  the  receiver : 
leather,  alio,  is  to  be  put  upon  the  plate  BB,  botn  to  prevent  the  break- 
ing of  the  glafs,  and  the  more  exactly  to  ihut  the  receiver. 

NN,  a  pump  faftened  to  the  tube  C,  below  the  plate  BB. 

GO,  the  fucker  of  the  pump  NN. 

P,  a  little  hole  in  the  lower  part  of  the  pump,  by  which  the  air  enters 
into  it,  when  the  fucker  is  brought  to  the  loweft  pan  thereof.  f 

To  ccmprefs  the  air  by  means  of  this  engine,  we  put  the  bodies, 
whereon  the  experiment  is  to  be  made,  into  the  receiver  A  A  i  and  laying 
it  on  the  plate  fe,  firmly  bind  it  thereto,  by  help  of  the  fcrew  MM.  This 
done,  the  fucker  or  plug  GO,  is  to  be  drawn,  till  the  external  air,  by  the 
hole  P,  can  fill  all  the  upper  part  of  the  pump ;  then,  if  the  fucker  be 
drawn  upwards,  the  air  nnding  no  other  paflage,  will  open  the  valve  £, 
and  enter  into  the  receiver  AA ;  from  whence  there  is  no  regrefs,  becaufe 
the  valve  E,  is  prefently  deprefTed  by  the  fpring  F,  and  fhuts  the  hole  C. 
And  fo  we  may  repeat  the  compreflion  of  the  air  into  the  veiTel  AA,  at  plea- 
fure  ;  whilft  the  quantity  thereof  is  eafily  known  by  the  mercurial  gages. 

But  I  fo  faftion  the  pump,  that  it  may  be  fitted,  by  a  fcrew,  to  the 
tube  C;  for,  thus,  when  one  receiver  is  full,  we  may  take  away  the 
pump,  and  ufe  it  to  fill  others. 

>fow,  becaufe,  in  thefe  engines,  mercurial  gages  ferve  to  ihew  the  de- 
grees of  compreffion  ;  there  is  no  occafion  for  the  gages  before  defcribed  i 
for  thofe  are  made  with  more  difficulty,  and,  befides,  albrd  but  a  fmall 
fpace,  wherein  to  note  the  degrees  of  compreflion.  It  is,  therefore,  better 
to  bend  the  glafs-tube,  feal'd  at  one  end,  in  feveral  places,  as  in  the  figure 
T,  that  a  long  tube  may  be  contain'd  in  a  ihort  receiver ;  fo  that  the  ir^.  75, 
mercury,  being  put  in  thro'  the  open  end,  as  much  as  will  fuffice  to  fill 
the  length  of  one  inch ;  all  the  reft  of  the  fpace,  fiU'd  with  air^  will  ferve 
for  marking  the  degrees  of  compreifion^  much  more  feniibly  than  can.  be 
done  in  a  ihoner  tube. 

Hot 
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y~,j-^,.     Here  we  muft  note,  that  when  the  mercury  tends  downwards,  in  fuch 

'^^an  inflefted  gage,  the  weight  thereof  forwards  the  external  prelVure  ;  but 

when  it  is  impcU'd  upwards,  the  fame  weight  rcfifts  it :  a  diflereace  to  be 

regarded  in  very  accurate  experiments. 

««l.Wi  m     *"  order  to  make  mixtures  in  comprefTed  air,  let  the  receiver  be  AA,  in 

t^n  M  coni-which  we  would  mix  either  liquors,  or  powders. 

'  j'"'  Let  QQ,  RR,  be  two  tubes,  each  of  them  feal'd  at  one  end,  and  open 

at  the  other. 

Let  R(^,  be  a  vcflel  of  brafs,  to  be  laid  upon  the  orifice  of  the  tubes,  as 
in  the  figure. 

The  liquors  to  be  mixed,  muft  be  poured  into  the  rubes  QQ,RR,  each 
liquor  in  its  own  tube ;  and  let  the  veflel  RQS,  being  inverted,  be  laid  on  the 
orifices  of  the  tubes  ;  and,  in  that  pofture,  let  all  be  covcr'd  with  the  re- 
ceiver AA;  let  the  fcrew  be  driven,  and  the  air  intruded  after  the  manner 
juft  delbribed  :  and  when  the  gage  TT,  flicws,  that  the  compreflure  is  ar- 
rived at  the  degree  intended,  the  engine  is  to  be  inverted,  and  fo  the  li- 
quors will  flow  down  from  the  tubes  into  tlie  veflel  RQS,  and  be  mix'd 
there.  If  more  liquors,  or  powders,  are  to  be  mix 'd,  the  number  of  the 
tubes  is  to  be  increas'd  accordingly. 
mtU  mi  To  tranfmit  air  out  of  one  receiver  into  another,  we  ufe  the  following 
xl''^'    contrivance. 

ftttixtr  I'xia     AA,  is  a  flat  plate  of  metal,  with  a  hole  in  the  middle. 
•"«'■■  BB,  is  the  ftop-cock,  faftened  to  the  hole  in  the  middle  of  the  plate  AA, 

one  of  whole  ends  is  form'd  into  a  male-fcrew. 
t.74.&T5-      ^^»  '5  *  copper-funnel,  open  below,  with  a  broad  orifice,  (that  it 
might  be  eality  fet  upon  the  pneumatic  engine,  and  there  Hand  firm;)  and 
the  upper  part  of  the  orifice  D,  is  falhion'd  into  a  female-fcrew,  to  re- 
ceive the  male-fcrew  of  the  ftop-cock  BB. 

E'E,  is  a  fmall  tube,  open  at  both  ends,  which  are  cut  into  a  female- 
fcrew,  to  receive  the  male-fcrew  of  the  ftop-cock  BB. 

FF,  is  the  receiver  laid  on  the  plate  AA,  and  exquifitely  fitted  thereto. 
Now,  to  make  factitious  air,  we  muft  put  the  matter  which  is  to  pro- 
duce the  air,  into  the  receiver  FF ;  and  placing  that  on  the  plate  AA, 
-by  means  of  the  fcrew,  we  ftrongly  faften  it  thereto,  as  in  oiu:  engine 
for  comprefling  the  air;  the  ftop-cock  BB,  we  infert  into  the  female- 
fcrew  D :  then  the  orifice  C,  and  with  it  the  receiver,  is  to  be  placed  up- 
on the  pneumatic-engine,  and  the  ftop-cock  B,  being  open'd,  the  air  is  to 
he  extrafted.  When  the  receiver  FF,  is  emptied  of  air,  the  ftop-cock  B,  is 
to  be  ihut,  that  all  paflage  to  external  air  into  the  receiver  may  be  de- 
nied ;  and  the  ftop-cock,  being  taken  out  from  the  female-fcrew  D,  the 
nceiver  is  prefently  to  be  immersed  in  water ;  fo  that,  at  leaft  the  plate 
AA,  with  the  ftop-cock,  may  be  cover'd  therewith :  thus  no  air  from 
without  can  find  entrance ;  and  the  air,  produced  out  of  the  matter  in  the 
icceUrer,  will  be  preferv'd  unmix'd ;  whilft  the  d^rees  of  its  rarifa^on« 
.orcomprellion,  are  known,  as  chofe  of  common  air. 

£ut 


Phyfico-mechamcal  Experiments,  ^6i 

But  if  we  would  tranfmit  that  air  into  another  receiver ;  another  re-  Pmok^t"**. 
ceiver  FF,  with  another  plate  AA,  and  a  ftop-cock  BB,  is  to  be  procured,  jvt;  7/^^ 
and  evacuated :  then,  by  means  of  the  imall  tube  EE,  we  join  the 
ftop-cocks  BB  of,  both  receivers,  when  all  fufpedted  places  are  to  be 
ftopp'd  with  cement,  that  no  external  air  may  find  entrance.  Then,  the 
ftop-cocks  being  openM,  the  air,  produced  in  the  former  receiver,  flows 
into  the  latter ;  ana  the  ftop-cocks  being  again  fhut,  and  pluck'd  out  from 
the  tube  EE,  the  receivers  may  be  kept  a-part :  when  if  there  be  any 
matter  included  in  the  latter  receiver,  we  may  eafily  view  what  influence 
the  feftitious  air  hath  upon  it. 

But,  becaufe  the  mercurial  gages,  lately  defcrib'd,  are  fpoil'd,  if  they 
be  inverted,  and  the  crooked  gages  prefently  expel  their  mercury,  if  the 
air  be  rarifyM  in  their  receivers  ;  and,  fince  the  operation,  here  aefcribM, 
cannot  be  perfefted,  but  both  receivers  muft  be  inverted,  and  both,  like- 
wife,  emptied  of  air  ,•  gages  of  another  fort  are  to  be  made,  after  the 
manner  tollowing. 

A  A,  is  a  glafs  vial,  fiU'd  with  mercury  to  the  fuperficies  DD.  h^.  ji. 

BB,  is  a  glafs  tube,  very  well  cemented,  in  the  orifice  of  the  vial. 

CC,  is  another  tube,  tranfmitted  thro'  the  tube  BB,  and  reaching  to  the 
bottom  of  the  glafs.  This  tube  muft  be  fealM  above,  and  open  below ; 
neither  muft  it  fo  exaftly  fill  the  tube  BB,  but  that  parage  may  be  given  to 
the  external  air,  within  the  glafs  A  A. 

If  this  inftrument  be  put  into  a  receiver,  from  which,  the  air  muft  be, 
afterwards,  extrafted,  ooth  tubes  will  be  exhaufted  of  air ;  and,  when 
you  invert  the  receiver,  to  take  in  new  air,  as  in  Fig.  74.  the  mercury  will 
flow  down  to  the  orifices  of  the  vial,  and  be  there  kept,  below  the  orifice 
of  the  tube  BB ;  when  the  new  air  entring,  will  eafily  fiU  both  tubes,  and  the 
vial :  then,  the  receiver  being  erefted,  the  mercury  will  again  reft,  in 
the  bottom  of  the  vial,  and  the  orifice  c^  the  tube  CC,  will  be  plungM  in  it. 
And,  if  any  air  be  produc'd,  out  of  the  bodies  included  in  the  fame  re- 
ceiver, the  mercury  will  afcend  into  the  tube  CC,  and  there,  reducing  the 
air  into  a  narrower  fpace,  (hew  the  degrees  of  compreffion. 

The  inftrument  wherewith  we  filtred  air  thro'  water,  was  thus  con-^jp^«'**' 
trived. 

AA,  is  a  glafs  receiver,  whofe  orifice,  laid  upon  the  plate  BB,  agrees  ^g  ^^ 
exouifitely  therewith. 

dB,  is  a  plain  plate  with  a  hole  in  the  middle,  to  tranfmit  the  tubes 
CC,DD. 

CC,  DD,  are  two  tubes  cementedto  the  plate  BB;  one  of  which  is  no 
higher  thaft  the  plate,  but  the  other  reacheth  almoft  to  the  top  of  the  recei^ 
ver. 

EEEE,  is  ft  fbp^xJck,  to  who&  holesthe  extremities  of  the  tubes  CC,  DD^ 
are  faftned. 

FF,  is  the  key  of  tht  ftop-cock  unperforated,  wherein  is  only  one  chink 
GG. 

Vol.  n.  Cccc  HH 
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,^^         HH,  is  the  receiver,  compaffing  the  end  of  the  ftop-cock,  and   faftned  to 
^^^  it,  preventing  the  entrance  of  the  outward  air,  and  communicating  with 
the  pnmp  II. 

LL,  is  a  glafs  refTel. 

M,  is  a  hole  in  the  top  of  the  receiver,  whofe  ftopple  is    faftned  with 
ft  fcrew. 
<L  The  next  figure  exhibits  a  ftop-cock,  cut  trail  fverily,    that  the    two 

tubes  CC,  PD,  may  be  the  better  diftinguiflied,  and  their  infertion  into  the 
fiop-cock  be  perceiv'd. 
^^^       This  inftrument  is  thus  to  be  ufed :  we  put  the  thing  about  which  the 
^^K  experiment  is  to  be  made,  into  the  velVel ;  and  the  receiver  AA,  being  laid 
^^"  on  the  plate   BB,  we  pour  water  into  the  hole  M,  till  the  receiver  be  a- 
bout  half  full,  and  theveilel  LL,  with  the  matter  contain'd  therein,  fwims 
on  the  top  thereof  ;  then  we  flop  the  hole  exatJUy,     and  fafteu    it    with  a. 
fcrew.     The  key  is  afterwards  to  be  fee  fo,  that  the  chink  GG,  may  com- 
municate with  the  tube  CC  ;   then  the  plug  being  brought  to  the  loweft 
part  of  the  pump,  the  air  of  the  receiver  AA,  entring  through  the  upper 
orifice  of  the  tube  CC,   will  flow  down  thro*  the  chink  GG,  into  the  re- 
ceiver HH,  and  into  the  pump.     Then  the  key  being  inverted,  fo  that  the 
cliink  GG,  may  anfwer  to  the  infertion  of  the  tube  tiQ,  the  plug  isto  be 
impelled  upward  ;  when  the  air  will  be  expelled  from  thence,  and,  find- 

bing  no  other  paflage,  be  driven  through  the  chink  GG,  into  die  tube  DDj 
and  from  thence  it  will  emerge  to  the  upper  part,  through  the  water  ftag- 
nant  in  the  receiver.      And  by  repeating  this   procefs,  we  ftrain  the  aii: 
'••  thro'  the  water,  as  often    as  we  pleafe ;    and  thence  know  whether  it  ac- 

quires any  new  qualities,  in  refpeftof  the  body  included  with  it. 
?r  *'/?"^"J*      Let  the   receiver  AA  be  placed  upon  the  plate  BB,  and  Icrewed  oa 
;«»jUrf  rf    to  it. 

"jr*  CC,  is  the  ftop-cock,  faftned  to  the  hole  in  the  midft  of  the  plate  BB. 

•&•  7^  jj0^  jj  jj  pypjp  joined  to  the  ftop-cock  C,  with  a  fcrew. 

E,  is  a  veftel,  fo  large,  that  it  may  fluctuate  in  the  receiver  AA,  without 
danger  of  being  over-tum'd. 

Let  fome  animal  be  put  into  the  vcflel  E,  and  let  the  receiver  AA,  be 
put  upon  it,  and  fcrewed  to  it,  as  the  figure  ftiews.  Then  let  the  pump 
be  fill'd  with  water,  and,  by  a  fcrew,  be  fitted  to  the  ftop-cock ;  die  ftop- 
cock,  being  then  open'd,  let  the  plug  C,  be  forced  upwards,  and  the  water 
alcending  through  the  ftop-cock  will,  in  part,  fill  the  receiver  AA,  and  re- 
duce the  air,  contained  therein,  into  a  narrower  fpacc,  without  any  ad- 
dition ef  new  air  :  if,  then,  you  draw  the  plug  downwards,,  the  fame  nu- 
merical air  will  be  again  rarified.  Thus  you  may  both  condenfe  and  rarify 
the  fame  air  as  often  as  you  pleafe  ;  and,  by  this  means,  you  may  find, 
whether  the  condeniation  of  the  air  contributes  to  prolong  the  life  or 
health  of  animals. 
A  mW-jMr.         In  our  wind-Eun  AA,  is  a  hollow  copper  gbbe. 

BB,  a  tube,  faftned  to  the  globe, 
'*• '°-  F,  a  valve  opening  inwardly,  and  Jhutting  the    tube  BB. 

1  G»thc 
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G,  the  fpring  depreffing  the  valve.  ^  T'^SIrs!* V 

H,  a  gnomon  amxed  to  the  globe  AA,  and  making  faft  the  fpring  G. 

CC,  a  tube  of  iron,  faftned  to  the  tube  BB^  and  the  globe  AA. 

DD,  a  plug  exaftly  fitted  to  the  tube. 

EEE,  another  plug  fitted  alfo  to  the  tube  BB,  with  an  iron  wire,  reach- 
ing almoft  to  the  valve  F. 

R,  the  protuberance  of  the  tube  CQ  fomewhat  hollowed  above,  to  re- 
ceive the  end  of  the  iron  LL. 

LL,  a  crooked  iron,  moveable  about  the  extremity  in  R,  fo  that  it 
ferves  as  a  lever  to  lift  up  the  plug  EEE. 

OPO,  a  crooked  iron,  fafmed  in  M,  that  the  thumb  reftin^  in  the  angle 
P,  the  reft  of  the  fingers  may  attraft  the  lever  L,  and  £o  force  the  plug 
EEE,  upwards.  But  the  curvature  is  defignM,  that  the  one  end  O,  might 
be  applied  to  the  ihoulder,  in  aiming  at  a  mark. 

TT  a  re£langular  piece  of  iron,  compafllng  the  lever  LL  and  the  iron 
OPO,  to  keep  the  lever  in  its  pofture ;  for,  otherwife,  the  plug  EEE^ 
would  bethruft  far  out,  whilfttheair  is  intruded  into  the  globe  A  A. 

II,  an  elliptic  hole,  in  the  upper  part  of  the  globe,  very  well  (hut  with 
a  valve,  opening  inwardly,  to  give  liberty  of  infpe£tion,  and  of  amending 
what  is  amifs ;  Tor  the  valve  may  be  drawn  through  the  hole,  by  reafbn 
of  its  elliptic  figure. 

SS,  a  metalline  plate  tranlverfly  placed  above  the  hole  II,  and  perfo- 
rated to  tranfmit  the  fcrew  V,  by  help  whereof  the  valve,  (hutting  the 
hole  II,  is  fuftained,  and  applied  clofely  to  it. 

Q^  a  hole  in  the  lower  part  of  the  tube  CC,  by  which  the  air  enters  in- 
to the  tube,  whilft  the  plug  D,  is  brought  to  the  loweft  part  thereof. 

The  air  is  forced  into  this  en^ne,  by  fetting  the  foot  upon  the  crook- 
ed end  of  the  plug  DD,  that  it  may  not  be  removed  from  the  ground, 
and  lifting  the  engine  upward,  till  the  upper  part  of  the  plug  comes  be- 
low the  hole  Qj  and  then  the  air  entring  tmrough  the  hole,  wholly  fills 
^the  tube  CC. 

Then,  by  forcibly  depreffing  the  engine,  the  air,  contained  in  the  tube  CC, 
opens  the  valve  F,  and  is  thruft  into  tne  globe  A  A  ;  whence  it  cannot  re- 
turn, becaufe  the  valve  prefently  ftops  the  paflage  :  and  thus,  by  repeated 
fhrokes,  we  may  condenie  the  air  in  the  globe,  till  the  force  ot  its  fpring 
cannot  be  overcome  by  our  ftren^h. 

If  we  would  difcharge  the  air  fo  condenfed,  the  plug  DD,  is  wholly  to 
be  drawn  out,  and  a  bullet  to  be  put  into  the  bottom  of  the  tube  ^C  : 
then,  by  means  of  the  lever  LLL,  tne  pliig  EEE,  is  to  be  impelled  upward^ 
as  we  faid  before;  when,  the  extremity  ofthe  iron-wire,  opens  the  valve 
B,  and  the  air  breaking  out  therefrom,  expels  the  bullet  through  the 
tube  CC,  with  great  violence. 

But  before  the  plug  DD,  is  again  put  into  the  tube  CC,  for  the  com- 
preffion  of  the  air,  about  half  an  ounce  of  water  is  to  be  pour'd  into  the 
tube.  For,  by  this  means,  no  air  at  all  can  efcape  out  by  the  plug  i  and, 
moreover,  that  water  tza£fcly  &^na  the  upper  part  of  the  tube  CC,  the 

Cccca  whola 
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»?"='■  whole  compreffcd  air  willbcinrruded  within  the  cavity  AA;  and  ib 

^^~^  denfation  be  perfedled  much  looner,  than  if,  at  every   turn,  pan 
cornprefs'ii  air  remain'd  below  the  valve  F. 

Tliis  engine  has  feveral  advantages  above  the  common  wind-guns.  {.Be- 
caufc  one  valve  ierves,  both  for  the  letting  in,  and  difcharging  the  air  ; 
whence  it  is  lefs  fubjeiS  to  be  fpoiled,  or  impaired,  than  if  two  valves 
were  nfed  for  that  purpofe,  2.  If  any  diforder  happen  in  other  guns, 
they  remain  ufclefs  ;  but  here,  by  the  elliptic  hole,  we  may  take  out  the 
fpring  and  the  valve,  and  fo  mend  whatever  is  amifs.  3.  In  otiierguns, 
the  valves  being  cover'd  wiili  leather,  are  put  in,  before  the  enpne  is  do- 
fed  on  every  lide ;  and  therefore  filver-folder  could  not  be  uled  in  Join- 
ing the  parts,  but  only  lead-folder,  by  which,  the  air,  being  much  com- 
prerted,  could,  by  no  means,  be  retrained ;  but  here  all  things  arc  well 
cemented  with  (ilver-folder,  without  danger  of  burning;  Imce  the  valre, 
cover'd  with  leather,  is  put  in  afterwards  thro'  the  elliptic  hole  U.  4.  But 
this  engine  is  chiefly  to  be  preferred  before  others,  becaufe,  here  we  caa 
put  feveral  bodies  into  the  receiver,  through  the  elliptic  hole,  and  fb  make 
many  experiments  in  highly  comprefled  air. 

g"*  V\  e,  alfo,  contrived  an  engine,  which  Oioiild  diftil  in  vacuo,  thus. 

|bh«>»      a  A,  is  a  brafs  veflcl,  fiiut  below,  and  open  above. 

•*•  BB,  a  diaphragm  of  tin,  whofe  edges  are  fo  polifli'd  on  both  fides,  that 

they  exquifitely  agree  and  fuit  with  the  edges  of  the  veflels  AA,  DD,  which 
are  alfb  poliflied,  and  fo  keep  out  the  external  air. 

CC,  a  tube  faflen'd  to  a  hole  in  the  middle  of  the  diaphragm  BB. 
DD,  a  brafs  veffel,  whofe  aperture  is  applied  to  the  diaphragm  BB. 
EE,  a  ftop-cock  faftned  to  the  hole  of  the  diaphragm  BB. 
FF,  a  tube  reaching  from  the  ftop-cock  EE,  to  the  hole  made  for  fii* 
tftion  in  the  pneumatic  engine. 

GG,  a  metalline  veffel,  including  the  junfturcs  of  the  veflels  with  the 
i^aphragm,  and  alfo  the  ftop-cock,  that  being  filled  with  water,  it  may 
keep  allTafe  from  the  external  air.  This  is  to  oe  folder'd  to  theveffelAA. 
To  ufe  this  engine,  we  take  away  the  diaphragm  BB,  and  put  the  in- 
gredients into  the  vefiel  AA,  and  fet  it  in  a  convenient  place,  till  it  is  to 
be  evacuated  ;  then  putting  on  the  diaphragm  BB,  and  the  veOel  DD,  we 
apply  all  to  the  pneumatic  engine,  and  by  means  of  the  tube  FF,  the  air  is 
pumped  out  of  the  veflels,  the  veflel  GG  being  yet  firft  filled  with  water- 
Then  the  ftop-cock  is  Ihut;  and  taking  away  the  tube  FF,  we  may  place 
the  evacuated  engine  on  the  fire,  when  the  vapours,  afcending  through  the 
tube  CC,  are  condenfed  in  the  upper  velfel,  and  fb  we  have  a  hquor  di- 
flilled  in  vacuo.  The  quantity  of  the  generated  air,  is  known  by  the 
mercurial  gage  H;  but  that  niuft  be  kept  iti  the  top  of  the  receiver,  left 
the  mercury  exhale,  by  reafon  of  the  heat. 

Round  pieces  of  paper,  perforated  in  the  middle,  are  to  be  laid  over  the 
orifices  of  the  veflels  AA,  DD,  that  they  may  be  the  better  joined  with 
the  diaphragm  ;  the  commiflTures  of  the  tube  FF,  with  the  ftop-cock,  and 
pneumatic  engine,  axe  to  be  forti^ed  with  cement  j  and  the  ftop-cock  EE, 
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is  fo  to  be  difpofed  with  the  vcffel  GG,  that  part  of  the  key  may  be  pr<Mni-^>«j:*«;jT»^ 
nent,  without  the  veffcl,  thro*  the  hole,  to  be  conveniently  turned  ;  never-  ^'^*^^r 
thelefs,  the  ftop-cock,  with  the  diaphragm,  may  be  taken  out  of  the  vef- 
fcl GG,  whilft  the  vefld  AA,  is  to  be  filled  with  the  defigned  matter. 
And  that  is  very  eafily  done,  becaufe  the  key  confifts  of  two  parts,  one  of 
which  M,  is  turned  in  the  ftop-cock  itfelf,  by  means  of  a  certain  chink, 
which  receives  the  fmall  protuberance  of  the  other  part  GO,  that  exa£^ 
fills  the  fmall  pipe  NN,  faftned  to  the  veffel  GG  ;  and  being  prominent 
outwardly,  may  eafily  be  turned  in  it,  and  communicate  its  motions  to  the 
other  part  M :  but  it  is  drawn  outward,  whilft  the  diaphragm  BB,  is  to 
be  taken  out  of  the  veflel  GG. 

Fig.  82.  (hews  another  inftrument,  di8fering  from  the  former,  in  that  it, 
almoft,  wholly  confifts  of  glafs,  and  a£fords  a  longer  pailage  for  the  va--^ 
pours. 

BB,  is  not  a  diaphragm,  but  a  fmall  tube,  polifhed  at  both  ends,  that  it 
may  exquifitely  fuit  with  the  orifices  of  the  veflels  A,  and  D. 

AA,  DD,  are  two  glafs  velTels,  whofe  orifices  are  applied  to  the  tube  BB  ^ 
whence  the  vapours  are  eafily  tranfmitted  from  the  one  to  the  other. 

EE,FF,GG,  and  I,  have  the  fame  ufe  as  in  the  former  figure ;  and  the  whole 
inftrument  is  to  be  evacuated  after  the  fame  manner,  and  placed  upon  the 
fire ;  except  that  here  the  veflel  AA,  as  being  made  of  glafs,  muft  not  be 
put  on  an  open  fire,  but  fet  in  balneo  Maria,  or  on  fand  ^  and  the  vapours 
will  be  condenfed  in  the  veflel  DD. 

(^Oy^fy  i^-  1676.  I  included  a  little  piece  of  bread,  very  moift,  ^^^^^^/T*^ 
little  kneaded,  with  a  mercurial  gage,  in  vacuo.  MHiLJsJ^ . 

July  12.  In  fix  hours  time,  no  air  was  produced  yefterday  j  but  ^^i^tJjiJ^j^ 
night,  a  little  broke  into  the  receiver,  and  fuftain'd  three  inches  of  mercu-C«ji 
ry  ;  for  I  had  neglefted  to  fortify  the  cover  with  turpentine. 

Towards  the  evening,  I  found  the  mercury  higher  by  about  an  inch  j 
and  am  very  certain,  that  nothing  had  entred  from  without. 

July  13.  This  night,  alfo,  the  mercury  afcendcd  higher  ;  but  my  gage  * 
was  not  exaft  enough  to  difcover  how  many  degrees. 

July  26.  The  bread  disjoined  its  receiver  from  the  cover,  by  the  force 
the  air  produced,  and  the  fmell  of  it  was  acid. 

Hence  it  follows,  that  water  is  a  fit  menftruum  to  draw  air  out  of  bread. 

(2.)  July  1 1 . 1  tried  to  extraft  air  from  bread,  by  the  help  of  a  burning* 
glafs,  wherewith  I  burnt  bread  in  vacuo,  and  found  it  generate  much  air^  , 
which,  ever  and  anon,  broke  out,  as  by  fulmination  ,-  whence  it  feems 
probable,  that  air  is  contained  in  bread,  but  fo  clofely  compa£ted  there** 
in,  that  no  eafy  operation  can  give  it  vent ;  but  that  if  any  thing  could 
diflblve  and  loofe  that  knot,  it  may  then  produce  grogt  effefts.. 

(3.)  Sept.  22.1  took  eight  ounces  of  dry*d  grapes,  and,  with  feven  oun- Fn»^;i|^» 
ces  of  water,  included  them  in  a  receiver,  able  to  hokl  twenty*  two  ounces 
•f  water.    The  grapes  were  bruifed. 

Sept.  23.  The  receiver  lay  buried  under  the  water  all  this  night,  yet  the 
mercury  afcendcd  two  whole  inches. , 

S0ft. 
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feven  days  time  the  mercury  rofe  to  the  height  of  thirteen 

.  -5.  In  five  days  more,  the  mercury  afcended  twelve  inches,  and 
was  now  twenty-five  inches  high. 

OEhO.  18.  The  mercury  continued  not  to  afcend  with  the  fame  fwift- 
nefs,  and  the  air  began  to  pafs  out  of  the  receiver;  but  not  before  this 
day  ;  yet  thefe  grapes  produced  mucli  more  air,  than  thofe  which  I  inclu- 
ded without  water, 

(4.)  yuly  11.  1  Included  ten  ounces  of  raifins  of  the  fun,  bruifed] /«  vfl- 
cuo,  with  a  fufficient  quantity  of  water,  to  promote  fermentation. 

^uly  14.  In  two  days  they  had  produced  ten  inches  of  air. 

About  evening,  the  mercury  was  fifteen  inches  high  :  the  fifteenth  day  the 
mercury  had  almoft  reached  to  its  accuftomed  height. 

July  16,  In  the  morning,  I  found  the  receiver  fever'd  from  its  cover; 
and  the  air  breaking  out  thro'  the  water,  in  which  it  was  plunged,  I  inclu- 
ded the  fame  raifins  again  in  vacuo. 

July  18.  This  day,  in  the  morning,  I  found  the  air  again  breaking 
out. 

July  19.  I  fliut  up  the  fame  raifins  in  the  fame  empty  receiver. 

^uly  21.  This  day  I  found  the  receiver  full,  and  the  air  breaking  out 
of  it. 

I  again  fhut  up  the  fame  raifins  in  the  fame  exhaufted  receiver. 

^uly  23.  Yefterday,  about  noon,  I  found  the  whole  receiver  almoft  full 
of  air;  and  this  day,  in  the  morning,  perceiv'd  it  to  pafs  out  very  often. 

It  appears,  then,  chat  grapes  without  water,  can  generate  but  little  air  ; 
whence  it  is  manifeft,  that  water  is  a  fit  medium  to  draw  air  out  of  them  : 
'Tisajfb  evident  that  the  prodiiftion  of  air  is  not  begun  prefently  upon 
the  affiifion  of  water,  but  proceeds  with  greater  fwiftnefs,  after  the  parts 
of  the  water,  in  five  or  fix  days  time,  have  more  deeply  funkinto,  and  per- 
vaded the  grapes. 

(sO  -^H'  ^?-  ^^11-  I  included  pears  in  two  exhaufted  receivers,  and 
plumbs  in  another. 

Aug.  16.  In  three  days  time,  all  my  receivers  were  filled  with  air,  new- 
ly generated ;  and  one  of  them,  which  included  the  pears,  becaufe  I  had 
left  itexpofed  to  the  fun,  was,  in  the  fpace  of  24  hours,  feparated  from  its 
cover  :  whence  we  may  conjefture,  that  the  produftion  of  air  is  very  much 
promoted  by  the  heat  of  the  fun. 

(6.)  OElol.  16.  1677.  I  took  n,vo  ounces  of  grapes  bruifed,  and  fecured 
them  from  the  air,  in  an  exhaufted  receiver,  capable  of  containing  twenty 
ounces  of  water. 

OSiok  17.  The  mercury  rofe  higher  about  one  half-inch. 

OFiok  18.  Thefe  laft  twenty-four  hours,  the  mercury  ran  up  about  ano- 
ther half-inch. 

OSiolf.  20.  The  height  of  the  mercury  was  two  inches. 

On  the  twenty-fecond,  it  was  almoft  ibur.    And,  on  die  twenty-feventh 

it  was  almoft  ux  iochef.  .» 
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Jan.  2.  167%.  The  mercury,  yet,  afcended  not  to  the  height  of  ten  ^»«j^^»«#" 
inches.  W^rX/ 

OSiob.  1 5.  1^77.  I  put  three  ounces  of  bruis'd  grapes,  with  half  an 
ounce  of  fpirit  of  wine,  into  a  receiver,  able  to  hold  thirty  ounces  of  wa-. 
ter ;  and  then  I  exhaufted  the  air. 

O^olf.  1 7.  The  mercury  afcended  but  a  very  little. 

OElob.  1 8.  The  mercury  came  not  up  to  the  height  of  one  quarter  of  an 
inch. 

OSiob.  20.  The  mercurial  gage  was  out  of  order. 

Jan.  2.  1578.  I,  this,  day  found  my  receiver  fiUM  with  air;  and,  alfi), 
when  part  cf  the  liquor  was  pour'd  out,  fome  bubbles  were  formed  in 
the  turpentine,  about  the  orifice,  and  broke  outwardly. 

From  this  experiment,  made  in  two  receivers  together,  it  feems  to  fol- 
low, that  fpirit  of  wine  much  advances  the  produftion  of  air  in  vacu0 ;     / 
tho*,  in  common  air^  it  wholly  hinders  it. 

{l')yuly  ip.  1^78. 1  put  muft,  exprefled  from  grapes  bruis'd,  and  kept  Ew  wtR. 
for  ten  months  in  a  veflel,  ftopp'd  with  a  fcrew,  into  the  fame  receiver, . 
being  alfo  ftoppM  with  a  fcrew. 

July  2 1 .  The  mercury  had  not  afcended  at  all. 

2}d.  The  height  of  it  was  three. 

24th.  The  height  was  five. 

2^th.  In  the  morning  it  was  an  hundred  and  four. 

Towards  the  evening,,  the  height  was  an  hundred  and  thirty-feven ;  and 
the  muft  got  out. 

26th.  The  muft  was  almoft  all  got  out  of  the  receiver;  and  altho'  the  air 
now  poflefs'd  double  the  fpace  it  did  yefterday,  yet  it  kept  up  the  mercury 
to  the  fameheijght. 

27th.  About  half  of  the  remaining  muft  broke  out  this  night,  becaufe 
I  had  omitted  to  fet  the  fcrew,  left  the  receiver  fhould  be  broken. 

From  this  experiment  it  follows,  that  grapes,  kept  for  fo  long  a  time, , 
rather  acquire,  than  lofc  a  fermentative  virtue. 

(8.)  Jan.  ^o.  I  put  two  quantities  of  apples,  boiPd  the  day  before, into'^^'^ilft^* 
two  receivers,  ftopp'd  with  fcrews ;  with  one  of  them  I  mix'd  a  third  part 
of  fugar,  the  other  nad  no  fugar  at  all.    Thefe  receivers  were  quite  frill. 

Jan.  3 1. 1  included  raw  apples,  bruis'd,  in  three  receivers ;  in  one  of  themr 
I  mix'd  a  third  part  of  fugar ;  the  fecond  was  without  fngar,  and  fo  was 
the  third ;  but  it  diflfer'd  herein  from  the  fecond,  that  it  was  fix  times  as . 
big:  for,  by  this  means,  we  may  know,  whether  the  capacity  of  the  vef- 
iel,  or  the  hiixing  of  ftigar,  or  the  crudity  of  the  ffiiit,  can  promote,  or. 
retard  the  produftion  of  air. 

Febr.  i  o.  In  that  receiver,  only,  which  contained  the  raw  apples,  with  fa- 
gar,  feme  air  was  produced. 

Febr.  14.  The  raw  apples,  wth  fu^r,  had  impelled  the  mercury  up  to 
thirty  inches ;  thofe  that  were  boiled  with  fugar,  to  two  only  j  in  the 
other  receivers  no  air  was  produced.. 
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Ij-jio'.  ivtr.  18.  In  the  receiver,  conttining  the  xaw  apples,  with  fugar,  the 
•^^  mercury  came  to  the.  height  of  fifty-fix  Inches  ;  in  that  containing  the  boil'd 
apples  with  fugar,  the  height  was  thiee :  in  the  other  receivers,  there  was, 
aUo,  fbme  air  produced,  except  in  that  wherein  the  boiled  apples,  without 
fugar,  were  put.  I  open'd  that  receiver,  in  which  the  apples  had  produced 
fo  great  a  quantity  of  air;  yet  the  apples  feem'd  hardly  to  be  fermented, 
but  had  a  moft  pleafant  tafte. 

Fdr.  J  I.  The  boil'd  apples,  without  fugar,  had  loft  fome  of  their  juice  ; 
and,  opening  the  receiver,  I  found  the  cover  broke,  and  yet  the  apples 
were  not  at  all  rotten. 

March  I.  In  the  great  receiver,  containing  the  raw  apples,  the  mercury 
was  twenty-five  iiiclies  high;  in  the  little  one,  only  feven  :  but  in  that 
where  were  the  apples  boil  d  with  fugar,  the  mercury  had  afcended  to  nine 
inches. 

March  8.  In  the  great  receiver,  the  height  of  the  mercury  was  twenty- 
nine;  in  the  lefTer,  twenty-two  and  a  half ;  and  where  the  boil'd  apples, 
with  fugar,  were,  the  altitude  was  nine  inches. 

March  17.  The  juice  got  out  of  the  great  receiver  ;  in  the  little  one,  the 
height  was  fixty-feven ;  where  were  the  apples  boil'd  with  fugar,  it  was 
fifteen  inches. 

From  this  experiment  it  feems,  that  fugar,  the  crudity  of  the  fruit,  and 

the  largenefs  of  the  receiver,  all  contribute  to  the  produdVion  of  air. 

■r  wjyi  u     (9-)  December  21. 1678. 1  made  pafte  of  wheat-flower, without  leaven,  and 

' '  j^°"  put  it  into  an  exhaufted  receiver  ;  then  I  put  the  receiver  in  an  apartment, 

"••t^  10  with  a  fire,  which  there  kept  a  greater  heat  than  is  ufual  in  the  middle  of 

fummer;  yet  the  pafte  produced  no  air  in  ten  hour's  fpace:  whence  it 

feems  to  follow,  that  if  dough  hath  once  fufFer'd  too  much  cold,  it  can 

fcarcc  recover  its  faculty  of  fermenting;  for,  fome  years  ago,  when  I 

made  dough  without  leaven,  in  the  fummer-time,  it  loon  produced  very 

much  air  in  vacuo. 

(10.)  May  23.  I  included  three  ounces  of  dough,  kneaded  with  leaven,  in 
a  receiver,  capable  of  holding  fifty  ounces  of  water  ;  I,  alfo,  pour'd  upon 
it  Ibme  quantity  of  fpirit  of  wine,  to  try  whether  fermentation  would  be 
hinder'd  by  that  means. 
May  34-    The    mercury  was    three  1  May  39.  No  change. 

inches  high.  "yune  2.    It  feem'd  to  have  afcended 

2  5.  Little  change,  a  little  higher. 

27.  No  change.  14,  No  change. 

December  14.  No  more  air  being  produced  from  the  dough,  I  took  it 
out  of  the  receiver,  and  found  the  fmell  of  it  not  grateful,  but  inclining 
to  acid :  I  put  it  into  an  empty  receiver,  and  there  it  fweli'd  to  double  its 
ufual  fpace,  and  made  a  little  ebullition. 

May  23.  I  included  three  ounces  of  dough,  kneaded  with  leaven,  in  a 
jeceivcTj  able  to  hold  iifcy  ounces  of  water ;  but  here  I  mixed  no  iptrit  of 
Wmc. 
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A//y  14.  The  mercury  was  i^petcen  [  Afay  26.  *Twas  38  inches  high.         Piteuuatici, 
inches  and  a  half  higK.   ^*   |  27.  There  was  no  change.         vXVNig/ 

December  14.  The  mercury  continued  it  the  fame  height ;  and,  this  day, 
opening  the  receiver,  I  found  the  dough  had  a  very  acid  fmell. 

From  this  experiment  it  ieems  to  follow,  that  fpirit  of  wine,  even  in 
dough  kneaded  with  leaven,  hinders  the  produftion  of  air. 

{11*)  Augufi  29.  I  included  pears,  with  a  mercurial  gage,  in  a  receiver  iif  ^jrs. 
fiill  of  water,  and  then  intruded  air  into  it,  till  the  mercury  refted  twenty- 
fix  inches  higher  than  uiual ;  within  a  quarter  of  an  hour,  one  of  the 
pears  was  broken,  and,  afterwards^  almoft  all  of  it  reduced  to  pulp. 

Aug.  30.  In  twenty-four  hours  fpace^  the  pears  feem'd  to  have  afforded 
no  air ;  but,  on  the  contrary,  the  mercury  in  the  gage  was  deprefled  an  inch 
and  a  hal£ 

Aug.  3 1.  I  found  no  chtBge  in  the  hdght  of  the  mercury. 

Sept.  I.  The  pears  began  to  produce  air,  and  the  mercury  was  atawA 
twenty-foven  inches  high. 

Sept.  2.  In  twenty-four  hours  time,  the  mercury  afcended  more  than 
eight  inches ;  and  now  *twas  thirty-five  inches  high. 

Sept.  3.  The  height  of  the  mercury  was  increaled  feventeen  inches  ;  fo 
that  now  it  was  about  fifty-two  inches  high. 

Sep.  4.  Within  twennr-four  hours,  the  mercury  rofe  feven  inches  high- 
er, and  then  refted  at  nfty-nme. 

Sept.  ;.  It  was  fixty-four  mches  high ;  and  a  pear>  being  broken,  was 
become  black. 

Sept.  6.  Three  inches,  and  more,  being  added  to  the  hdght  of  the  mer- 
cury, it  came  now  to  fixty-feven  inches^  and  one  fourth,  beyond  what  it 
vas  accuftom'd. 

Sept.  7.  It  defcended  three  inches,  and  refted  again  at  (ixty-four. 

Sept.  8.  The  mercury  was  deprefled  to  fifty-eight  inches  ;  and  fome  of 
the  water  having  broke  out,  I  fet  the  receiver  with  a  icrew. 

Sept.  p.  The  mercury  afcended  full  three  inches,  and  was  now  fuC- 
pended  above  fixty-fevcn. 

Sept.  I  o.  In  twenty-four  hours  it  mounted  one  and  a  half,  and  ftopp'd 
almoft  at  fixty-nine. 

Sept.  11.  Now  it  began  to  defcend  again,  and  ftood  no  higher  than 
(ixty-feven  inches ;  yet,  I  am  certain,  nothing  had  eicaped  out  of  the  re- 
ceiver ;  but  it  was  a  fharp  cold  night. 

Sept.  12.  No  change  happened. 

Sept.  13.  The  height  or  the  mercury  acain  decreafed,  and  it  was  not 
above  fixty-four  inches.   The  cold  increafed. 

Sept.  14.  In  twenty-fom:  hours,  it  became  higher  by  fix  inches,  reacliing 
to  feventy. 

Sept.  16.  It  was  about  fixty-nine.  I  Sept.  20.  It  again  afcended  to  71. 

inches  high.  |  23 .  The  mercury  was  again  de- 

19.  It  remained  the  fame.     •  prefled  to  fixty-nine, 

OBob.  I.  It  came  to  the  height  of  feventy-five  inches. 
Vol.  1L  Dddd  Oliob. 
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^"'-     OSIo^.  3.  Yefterday  I  found  no  change  at  all  in  the  meicury ;  but  to-daj 
it  rcfted  at  leventy  i  and  the  cold  was  very  fevere. 

OfW.  5.  Yefterday  the  mercury  remain'd  in  the  fame  place;  but  thiff 
day  it  reach'd  to  feventy-five.     It  was  a  rainy  day. 

OM.-].  It  continu'd  rainy j  and  the  mercury  continud  at  the   fame 
hcisht. 

Oilcb.  10.  Hitherto  the  mercury  was  not  clianged ;  but  this  day  I  found 
it  had  dcfcended  to  lixty-nine  inches ;  tho'  the  rain  ceas'd  not. 

Oclob.  i:.  Yefterday  the  mercury  ftood  ftill ;  but  this  day  it  was  dc- 
preiVd  to  fixty-five  inches ;  and  the  cold  weather  return 'd, 


I 


Nov.  5 .  The  height  was  eighty  and 
a  hal^    The  cold  abated. 
31.  The  height  was  fixty-tive. 

It  was  a  hard  froft. 
27.  The  heiglitwas  fixty-eight. 
It  thaw'd. 
Decemi.  6.  The  height  was  fixCy-one. 
Ic  was  a  very  fevere 
fi-oft. 


OM.  1 3.  The  height  of  the  mercury 

_     .  was  fixty-four. 

HH  14.")  The  height  ffixty-nine. 

^^B>         I5-J       was      Ifeventy-foiir. 

^^"  34.    The    height    was    fixty- 

eight.     Ic  was  a  cold 

feafon. 

Nov.  I.  The  height  was  fixty-four. 

The  cold  iiicreas'd. 

From  this  experiment  we  may  leam,  that  ihiits,  in  a  great  compref- 

fare  of  the  air,  cannot  produce  fo  great  a  quantity  of  air  ;  for  when  I  made 

an  cftimate  of  tlie  quantity  of  the  fruits,  and  of  the  fmall  fpace  to  be 

fill'd  with  air  ;  I  found  that  quantity  of  air  was  not  one  eighth  part  of  what 

had  been  produced  in  a  large  empty  receiver  •-  tho'  the  coldnefs  of  the  water 

Blight,  alib,  hinder  the  generaticai  thereof,  as  the  following  eiqierimeac 

will  ftiew. 

'Tis  farther  manifeft,  that  the  air  is  produced  by  ftarts,  and,  as  it  were, 
by  reciprocations ;  as  all  bodies,  in  motion,  by  the  force  of  their  gra- 
yity,  or  of  their  fpring,  are  carried  beyond  their  point  of  reft,  and  fo 
make  many  vibrations,  or  retumings*  And  tho'  cold  and  heat  are  not  the 
fole  caufes  of  fuch  reciprocations,  yet  they  feem  to  contribute  much 
thereto. 
&W***x*'*  ^'^0  Feb.ii.i6Tj.  I  included  ten  ounces  of  pafte  in  a  receiver,  that 
would  hold  twenty-two  ounces  of  water ;  and,  afterwards,  1  thruft  as 
much  air  into  it,  as  fufficedto  fuftain  feventy-three  inches  of  mercury, 
befides  the  wonted  prelfure.  In  two  hours  fpace  I  perceived  no  fenfible 
change. 

Fehr.  23.  In  eighteen  hours  time,  the  mercury  rofc  feven  inches  only, 
its  height  being  eighty. 
In  fix  hours  it  afcended  three  j  and  its  height  was  eighty-three. 
*"        "  "  And  water  feem'd  to  be  exprefs'd 

out  of  the  nafs. 

,^-*;;}i«  height  w..{;- 

4  <!>'  S.   Ic  lenuin'il  at  12 1. 

Martif 


r.  24-1  r  JO 

'^■ps  height  was  <"=' 
'I 


1  lOJ 

,[1077 
Mtrcb  i.jl  V1J2 
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March  8.  Durinc  thefe  two  or  three  laft  days,  the  froft  breaking,  the ^^*^^i^p^^ 
mercury  ran  up  tour  inches  j  and,  the  height  thereof  was  one  hundred  ^^^^f^^ 
and  twenty-five. 

March  10.  Yefterday,  the  mercuiy  remained  at  the  fame  height  j  but, 
this  day,  mounting  fix  inches,  it  reftea  at  one  hundred  and  thirty-one. 

March  21.  The  cold  continuing  long,  no  air  was  produced;  but,  in  the 
three  laft  days  the  mercury  aicended  feven  inches,  and  remain  d  at  one 
hundred  and  thir^-eight. 

April  j^.  Yefterday,  the  mercury  hadafcended,  but  I  deferred  meafuring 
the  quantity,  till  to-day ;  in  the  night,  one  of  the  iron  wires,  that  ftraitned 
the  receiver,  was  broken,  and  the  receiver  thrown  to  the  diftance  of  four 
or  five  foot. 

Hence  we  may  conjefhire,  that  the  compreiHon  of  the  air,  very  much 
hindered  the  produ6tion  thereof;  for,  that  is  ufuaUy  perform^,  in  pafte, 
in  two  or  three  days  time.    Cold,  alfo,  much  hinders  its  oroduftion. 

(i  J.)  March  1. 1677.  I  included  two  ounces  of  bruifed  raifins  of  the  fun,  u  tMyht  mi 
with  fix  ounces  of  vincjgar,  in  a  receiver ;  upon  which,  numerous  bubbles''*^*''* 
broke  out. 

March  a.  The  mercury,  in  twentv-four  hours  ipace,  afcended  not  to  the 
height  of  half  an  inch ;  yet,  fome  bubbles  ftill  appeared. 

March  25.  The  vinegar  always  appeared  interfpers'd  amoi^  fome  of 
the  bubbles ;  yet,  the  mercury  afcended  not  to  the  height  of  one  inch. 

Hence  it  appears,  that  vin^ar  hinders  the  produd^ion  of  air  and  fer- 
mentation ;  {or,  raifins,  of  themfelves,  afford  much  air. 

(14.)  April  7.  I  included  ten  ounces  of  pafte,  in  a  receiver  capable  of  &  ^i^^e. 
holding  twenty-two  ounces  of  water ;    anerwards,  I  intruded  as  much 
air  into  it,  as  fufficed,  to  fuftain  one  hundred  and  twenty-eight  inches  of 
mercuiy,  befides  its  accuftomM  height. 

In  fix  hours  time,  the  mercury  rofe  four  inches,  and  refted  at  one  hun-* 
dred  and  thirty-two. 

April  8.  In  fixteen  hours  the  mercury  ran  up  nine  inches  hi^er,  and 
ftaid  atone  hundred  andfbny-one. 

Nine  hours  after,  the  mercury  manifefted  no  change. 

April  p.  In  the  morning,  I  perceived  fome  air  had  broke  forth,  and  the 
mercury  was  deprefs'd  to  one  hundred  and  thirty  inches ;  therefore,  I 
fcrew'd  the  receiver  tighter,  and  thruft  in  eleven  inches  of  new  air  ^  th« 
height  was  one  hundred  and  forty-one. 

4pr.  lA.'^ 

The  height 
was 

April  27.  For  eight  whole  days  the  mercury  kept  its  ftation;  but,  on 
the  two  laft,  it  afcended  feven  inches,  and  continu-d  at  one  bundled  and 
ninety-eight,  above  its  wonted  height. 

April  30.  The  mercury  pcrfifting  at  the  lame  height,  I  eaied  the  fcrew, 
fo  that  fome  air  might  oreak  out ;  -and^  when  the  mercury  had  fo 

Dddda  Mr 


The  height 
was 

C»5i 
J158 

J16S 

Apr.  14. 

15- 
16. 

C176 

17. 
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JfJI"'*-  far  dcfccndcd,  as  to  exceed  its  accuftom'd  height,  only  fifty  inches,  I  pr©^  j 

'^^  fently  icr  the  fcrew  ;  to  fee,  whether,  that  remifiion  of  the  fprJiig  of  ibi4 

air,  wciJd  afford  any  place  for  new  air  to  be  generated  ;  and,  in  two  (rf'l 

three  minutestime,  I  found  the  mercury  to  have  alcended,  fenlibly  higher,  ' 

Three  hours  afcer,  the  mercury  was  found  twelve  inches  higher;  for  i' 

came  to  fixty-two. 

In  five  hours,  it  afccnded  one  inch  and  a  half- 
A/«v  r.  In  fifteen  hours,  the  mcrcuiy  rofe,  only,  one  inch. 
M'ly  3.  Yefierday,  it  appear'd  at  the  fame  height,  but  this  day,'  twaS 
higher,  by  one  and  an  halt,  and  remain'd  at  fixty-fix. 

Ally  4.  The  mercury  was  not  chans'd,  and,  therefore,  I  Aifferd  aU  the  air 
to  eJcape  ;  but,  I  coiUd  not  quickly  fet  the  I'crew  :  whence  it  is  probable, 
that  very  much  air,  which,  at  that  time,  was  produced,  got  out  of  the  re- 
ceiver; nevcrthelefs,  after  the  receiver  was  again  well  ftcpp'd,  I  perceiv'd, 
that  two  inches  of  air,  and  more,  had  been  produc'd  in  hve  or  fix  minutes 
time.  _ 

Mayi.  Themercury,  in  three  days,  again  amoui  t;d  two  inches.  '1 

Ma^  8.  The  mercury  was  higher  by  half  an  inch. 

May  VI.  During  thefe  two  laft  days,   themercury,  again,  ran  up  half 
an  inch.    I  fct  this  mafs,  aimoft  unfit,  as  it  feem'd,  to  produce  air  in  vaait ; 
when,  in  five  minutes  fpace,  the  mercury  afcended  to  the  height  of  one 
ch. 

May  21.  It  afccnded  not  quite  three  inches. 

May  30.  The  mercury  refted  at  the  height  of  four  inches  and  a  half. 
By  this  experiment,  it  appears,  that  all  the  air  producible  from  pafte, 
may,  after  a   fort,  be  generated  in  a  great  compreflion ;  yet,  it  is  fome- 
what  reftrain'd  thereby  ;  for^  in  a  lefs  compreflion,  it  will  foon  break  out. 

Hence,  alfo,  we  fee,  that  air  is  producible  by  ftarts  ;  and,  that  it  rifes 
more  flowly  in  comprefs'd  than  in  free  air :  for,  fuch  a  produftion  in  the 
latter,  is  ufually  over,  in  two  or  three  days  time. 
Pbaii  Mitia-  (15.)  'July  30, 1677.  I  included  plumbs  and  apricocks,  many  of  them  be- 
^Md'  '""''"8  firft  cut  afunder,  in  a  receiver,  and,  afterwards,  *s  much  air,  produ- 
ced out  of  cherries,  as  was  fufficient  to  fuftain  fixty-four  inches  of  mer- 
cury. 

Augufi  1.  The  fruits  had  produced  no  air,  but  grew  yellower  than  thole 
which  were  in  common  air. 

Augufl  3.  The  mercury  rofe  a  little  higher,  and  the  apricock,  which  re- 
main'd whole,  feem'd  full  of  drops,  like  water. 

Au^fl  7.  The  whole  apricock  grew  fester;  the  mercury  flood,  at  fifty- 
nine  inches  above  its  ufual  ftation. 

I  Aug.  I 


1 


The  height 
of  it,   was 


■?X     The  height      S|« 

4S   ''*«•''"''    bo 


16   and,    the   days   fc^owing 

it  remain'd  at  the  fame  height. 

34.  The  height  of  it  was  feventy-feven ;  tho*,  I  certainly  knew,    o»at 

nothing  badifmedoucof  the  receiver.  »;.  Tm^ 
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\9.  Finding,  neither  the  firuits,  nor  the  height  of  the  merciuy,  changed  ^«j»jAtict 
any  more,  I  opened  the  receiver,  and  pcrceiv'd,  that  the  apricodks  had  kept  ^--^^^^^ 
their  colour,  very  well  j  but  the  flem  of  them  was  fpongy,   and  their 
tafte  inclining  to  acid.   Many  bubbles  had  broke  from  them,  tc  the  time, 
they  were  fireed  from  the  furrounding  preffiire. 

July  30.  i^Tj.  I  included  the  halves  of  the  fruit,  juft  mentioned,  in  ajpbair^MjA. 
receiver  full  ot  common  air;  and,  with  them,   others  of  the  feme  kind,^*^^^^  ••■ 
uncut. 

July  3 1.  The  mercury  had  gain'd  the  height  of  eight  inches. 

Augup  I.  At  fix  a-clock,  in  the  evening,  the  mercunr  was  twenty-one 
inches  nigh;  but,  in  the  other  receiver  it  remained  unmov  d. 

Augufti.  They  kqpt  their  finnnefs  much  better  than  thoie  included 
with  artificial  air.    The  hdght  of  the  mercury  was  thirty-five  inches. 

Augufi  4.  The  height  of  the  mercury  was  forty-iwo  inches. 

Augufi  6.  The  whole  apricock,  feemM  not  at  all  alter'd.  The  height 
of  the  mercuiy  was  fifty-feven. 

^«^.7l    The  height    JSil-Ag.pl     The  height    Jus 
8  J      of  it,  was      cpy  I        10 J     of  it,  was     C124 

The  colour  of  the  whole  apricock,  yefierday,  began,  and  now  proceeded 
to  grow  yellow.   No  moifture  appear^. 

^'«j;?      Thebeight     3'^iM^;^|    Theheight     f  171 
^^C      of  in  was      ^^^57  ^^  S    of  it,  was     1  171 

143      «*  IS  w«       U^3  I  '7  ^d,  the  days  following,  it 

remainM  at  the  feme  heig  ht. 
Auguft  27.  The  height  was  one  hundred  and  dghty-twa 
Auguft  2p.  When,  neither  the  fruit,  nor  the  height  of  the  mercury 
changed  any  more ;  I  openM  the  receiver,  and  found  the  apricocks  of  a 
more  acid,  and  lefs  grateful  tafle,  than  the  others,  in  fe^tious  air ;  tho' 
their  pulp  was  of  a  very  good  colour,  but  fpungy :  they  alfb  yielded  many 
bubbles^  as  did  the  others. 

Hence,  'tis  probable,  that  the  anificial  air  of  the  cherries,  greatly  hin- 
dred  the  apricocks  from  producing  air ;  tho'  it  promotes  the  alteration  of 
their  colour  and  firmnefs  ;  and,  alfo,  ferves  to  preferve  their  tafte. 

(16.)  OBober  10. 1677.  I  included  an  ounce  and  an  half  of  bruifed,  un-  iu^t  ;„  ^^ 
ripe  grapes,    in  a  receiver,  that  would  hold  ten  ounces  of  water;  and*^^^- 
drew  out  no  air. 

2 1.  The  height  was  four  and  an 
half. 


OSiot.  1 1.  The  mercury  afcended 
a  little. 

12.  There  was  but  a  fmall  change. 

1 3 .  The  height  was  half  an  inch. 

17.  The  height  was  one  inch. 

1 8 .  The  heijght  was  one  and  an  half, 
ip.  Theheight  was,  almoft,  four. 
20.    The  height  the  feme  ;    but 

fome  mouldinefe  appeared  on 
their  fuperfides. 


The  height  remainM  the 
feme,  but  the  mouldinefe 
encreaied. 


The  height 
was 


Nov.t. 


RF4 


Nov.  6"^. 
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Nov.   i8'"i 


mifl 


'  Tlic  height  was 


Z)«. 


'  The  height  was  • 


37- 
The  air  broke  out 


yM.  6.  t67S.  Theheighc  was  g(5.' 

O^loli.  lo.  1677.  I  made  the  fame  experiment  in  anotlier  receirer,  ob- 
ferving  the  fame  circumftances ;  only  here  I  mixed  two  drams  of  fpjrit  of 
wine  with  tlte  grapes. 


OH0&. 


0£I. 


1 7.  It  aTccnded  a  little. 

18.  The  height  of  it    was  not 
yet  a  quarter  of  an  inch. 

ip.  It  was  moved  but  a  very 
little. 


The   merciuy  was   not 
changed. 
13.  There  was  no  change. 
I).  The  mercury  was  net  mo- 
ved. 

Jan.  6.  The  grapes,  during  all  this  time,  liad  produced  no  air. 
Whence  it  appears,  that  fpirit  of  wine  hinders  fermentation. 
{i-j.)Oiiol.   17.  1677.  I  put  a  p^ch  into  an  exhaufted  receiver,  wiA 
'i  fome  quantity  of  fpirit  of  wine,  whicli  could  not  touch  the  peach,  unlefs 
in  vapour. 

March  27.  1^78.  I  took  out  the  peach,  which  had  kept  its  colour, 
but  loft  its  firmnefs.  Thougii  the  receiver  was  fmall,  yet  it  was  not 
filled  with  air ;  for  when  open'd,  the  air  feemed  to  rufli  into  it :  the  peach 
being  Ibftned,  was  fo  deprclfed,  that  the  lower  part  of  it  touch'd  the  fpi- 
rit ofwinc;  the  fuperior  part,  alfo,  had  contracted  the  tafte  ofthefpiric 
of  wine,  as  well  as  that  which  was  immerged  in  it. 

(18.)  OBoh.  17.  I  included  five  peaclies  in  an  unexhaufted  receiver; 
and  with  them,  fome  fpirit  of  wine,  which  could  not  touch  the  peaches, 
imlefs  it  were  elevated  in  vapour. 


OSo*.  18.   The  mercury  afcended  not 
at  all. 

20.  The  hciglit  o£  the  mercury 
was  3 


CThe  height 
^'f     of  It  waSj 


5  T 

I  7  t 
9 

9  i 


Nov. 


tflThc  height  Ti: 
izj  of  it  was  "ci' 
It  kept 
height. 


ruaiit»mr      oBol,  17.  I  included  five  peaches 

JlS"^    without  fpirit  of  wine. 

O£iot.  II.  The  mercury  afcended  not  at  alL 

Ollot.  ao.  The  height  of  the  merciuy  was  five  inches. 


147  It  kept  the  £ime 
itfj    height. 
^'-        8?  The  height  5'«  . 

you.  6.  1678.  it  was  a  J. 
March  38.  1^78.  it  was  3  i  -r 
a  receiver  full  of  common  air. 


C£h^, 


OSiob. 
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Nov. 


The  height 
of  it  was 


Nov. 


Decemt. 


The  height 
of  it  was 


575^ 


broke 


Jan.  6.  1 678-  The  height  was  32. 

March  28.   167 8,  The  height  was  33  f. 

Ap^il  I  J.  The  liquor  in  the  lower  part  of  the  receiver,  had  all 
out,  and  the  air  followed  it  ;  then  I  took  out  the  peaches. 

Hence  we  learn,  that  the  very  vapour  of  fpirit  of  wine,  fomewhat  hinders 
fermentation  ;  yet  much  left  than  tne  fpirit  itfidf. 

(ip.)  Afril  27. 1678. 1  included  an  ounce  and  a  half  of  pafte^  mixed  with  T^ivkbk^ 
leaven,  in  a  receiver  foil  of  common  air,  able  to  hold  twenty-three  oimccs^  tn'"— 
and  a  half  of  water. 

April  28.  The  height  of  the  mercury  in  the  gage  was  two  and  a  half. 

April  30.  The  height  of  it  was  three  and  a  quarter. 

May  4.  The  mercury  was  dcprefled,  thd'  no  air  broke  away,  and  the 
pafte  was  mouldy.    The  height  of  it  was  two  and  a  half. 


May 


June 


The  height 
of  it  was 


The  height 
of  it  was 


The  hdght 
of  it  was 


The  height 
of  it  was 


«MM 


^Aprilij^  1678.  I  included  an  ounce  and  a  half  of  unleavened  pafte,  witli  ^^^*;;;;; 
common  air,  in  a  receiver,  capable  of  holding  twenty-three  ounces  and  ^  m»  «r. 
half  of  water. 

April  2p.  Hitherto  the  mercury  had  not  afcended  1  but  this  afternoon  it 
rofe  a  auarter  of  an  inch. 

April  30.  There  was  no  change. 

May  J^.  The  mercury  afcended  but  very  flowly,  and  the  pafte  was 
mouldy. 
'.    May  6.  The  height  of  the  mercury  was  four  inches. 


MayS 
10 

17 

20 


The  height 
of  it  was 


The  height 
of  it  was 


Hence  it  feems,  that  leaven  rather  hinders  than  Ibfwards  the  produ&i6o 
of  air,  if  the  pafte  be  not  made  in  a  hot  place. 

(20.)  May  23.  I  included  an  ounce  and  a  half  of  unleavened  pafte,  in  a  jp^^«^^ 
receiver  capable  of  holding  twenty-five  ounces  of  water,  and  poiur'd  fpirit  tf'W"'* 
of  wine  upon  it. 


Phy/tco-mechankd  Experiments. 


kS^\     ^^"■y  *4-  The  mercury  was  one  inch  high. 


6^Thc  height  of  it  w3S<4 
^^^         17.  It  was  two  and  a  half.         [  loj  (4 ' 


May  26.  It  was  ahnoll;  two  inches  I  June 
high. 
17.  It  was  two  and  a  half. 

51.  There  was  no  change.  |  yuly  19  No  change. 

Decetni.  14.  When  the  height  of  the  mercury  airer'd  no  more,  1  open'd 
the  receiver,  and  found  that  the  pafle  had  an  acid  fmell. 
.fw^it        May  ij.  I  included  an  ounce  and  a  half  of  unleavened  paftc,  in  a  re- 
•  "''*•    ceiver,  capable  of  holding  twenty-five  ounces  of  water ;  but  added  no  fpi- 
rie  of  wine. 

May  14.  The  mercury  afcended  nor. 
Mtiy  26.  It  was  tliree  inches  high. 


yune   6)  C17 

io>Thc  height  of  it  was-'iaa 

19  The  mercury   a  little  ex- 
ceeded thirty  inches.  This 


May  27  ' 

29>The  height  of  it  wasc  7 
31k  /9r 

yune  J  J  L.I3  

,  3ay  the  air  broke  out,  and,  therefore,  I  fet  the  fcrew. 

Decern!).  14.  Themercury  retum'd  to  the  height  of  fifteen  inches  ;  when, 
I  open*d  the  receiver,  and  found  the  pafte  very  acid. 

Hence  it  feems  to  follow,  that  fpirit  of  wine  greatly  obftrufts  the  pro-' 
duftion  of  air;  and  the  more,  if  the  pafte  be  fermented;  and  that  unfer- 
mented  pafte  will,  in  tradi  of  time,  produce  no  lefs  air  than  that  which  is 
fermented, 
^rtli^i  ^^^'^  OSioL  II.  I  exaftly  fill'd  a  receiver  with  new  ale,  fo  that  no  air  . 
'might  be  left!  and  included  another  quantity  of  the  fame  in  another  re- 
ceiver, wherein  fome  fpace  was  allow 'd  for  the  air. 

OBo!/.  II.  The  coxer  of  that  receiver,  which  contato'd  fomc  air,  was 
broken;  and,  therefore,  I  uour'd  the  fame  ale. into  another  receiver,  where- 
in there  was  room  enougn  left  for  the  air :  in  the  receiver,  exaftly  fill'd, 
the  mercury  afcended  a  little. 

Oc?oi.  13.  In  the  receiver,  exaftly  fll'd,  the  height  of  the  mercury  was 
twelve  inches  j  in  the  other,  thirteen  inches ;  tho'  it  had  been  fhut  up  a 
fliorter  time,  and  a  much  larger  fpace  was  left,  whereinto  the  air,  newly 
produced,  might  have  been  dilated. 

OBol).  14.  In  the  full  receiver,  the  height  was  thirteen  j  in  the  othcri 
eighteen.  Towards  evening,  the  foil  receiver  Work'd  the  fafteft  ;  for 
the  height  of  the  mercury  in  it  was  twenty-two ;  and  in'  the  other  but 
twenty. 

0£w.i^.  In  the  full  receiver,  the  height  of  the  mercury  was 
forty-two;  in  the  other,  twenty-fix.  And  fome  bubbles  of  air, 
which,  in  the  full  receiver,  had  poflefled  its  upper  part,  wholly  va- 
nilh'd ;  and  the  ale  poffeffed  a  long  Ipace,  in  the  mercurial  gage,  wherein 
ic  was  not  found  before. 

OfloA. 


""N 


•      ^  * 


OB^  i6m  In  th^  fdi noeiirer,  jdie hefgbt  was  tfo^dlieSt 

In  the  other  30. 
.  i8^..In  the  fiill  ttcmtr^  the  he^i^t  was  9a 

Jb  the  ot|ier  40*      ;         * 

22.  In  the  fiill  tecdver^'tle  hej^t  was  90. 
In  the  b^gr 42.      '        "• 

23.  In  the  £ull  pece^ver,  tl^  height  was  108. 
In  the  other  50. 

tS.  In  the  full  rei^ver,  tlie  height  was  loS. 

In  the  otho*  60. 
28.  In  the  full  receiver,  t|^e  lifpight  was  132* 

.  In  the  other  tf 3. 
ibbles  appeared  again,  yet  nodui^  flowed  out« 


I  had  fuddenly  flopped  the  little  holqk  that  gave  it  vent.  I  many  times 
tried,  that,  if  the  hole  were  opened  in  )thp  ,gag^  the  merqnry.  WQuld  pre- 
fently  defcend ;  but,  if  the  hole  were  4gain  ftoppM,  it  would  i^edily  af*- 
^dfid  *  1Fffe  fde. had  ^a  .mcA  pungent  ta£& 

Nov.  p.  I  opened  the  other  receive,  .an4  obferved  almoft  the  fame 

^»^  *  •.*..  •■•••■1a 

\tlikkts*  -  — 

Hbnce  it  feemsto  fiiUow,  .tittt  ^  ff  the  air  be  whoUy  excluded  from 
the  containing  veflel,  will  Jbmeot  tptoft  flowly*  than  if  lome  air  be  left 
therein;  ai^  that,  indme,  itjbalc^  a  pester  compreflion,  if^o.room  be 
left  for  its  dilatation.  ' 

(22.)  June.  27.  Iput  green  jpetie  injia  aa tezjbauftcd  recqver,  with  fpirit 
-<>f-winer    Xow»9ditbeei^eQin&.t|ic;ie^er;i^ 
air,  and  the  mercury  rofe  to  the  >hei^  of,<9£|^^Mea: 
the  cover  with  turpentine. 

yiaii  30.  1  pi^roeived  no  mote  cbapg^.  in  the  height  of  the  mercury. 

July  7.  No  air  was  produced,  even  in  tjie  mbft  vehement  beat. 

JtMeij.  1  put  od»6r  peaie  into  an  ^xbfiafled  recdver,  without  fpirit  ol^T^^^ 
wme.    TheMceiva.-aAdtfaeqnantity.af  the  peaie,  were  the  fame  as  in£'']|ttdS^fi 
the  lafl  experiment.  '••w^* 

June  w.  The  receiver,  was^c^  #f  air  i  tho',  I  think,  it  was  not  exadly 
Ihut ;  and^thef^ore,  I  again  mducjed  the Jame  peafe.  Towards  evening, 
the  hdght  of  the  mercury  was  .five  anchcs. 

^^^  *^?  .  \^^    ^^y  5^  The  heichtof  it  was  X^^ 

3oS^Theheightofitwas<i(J  7 J   ^^  ^^^^ "^  ^^  "^^  X^o 

July    i>  Op 

Julys.  The  air  got  oucDf  the;  reiver. 

Hence  it  appears,  that  fpiyit  oJF  wine  hinders  the  produ£^on  of  air  in 
peafe.- 

(21.)  June  p.. 1 677.  I  put  cherries  into  aaexbavfted  receiver,  and  in  fix  J^*^^.^« 
hours  fiM^^e  ora^cury  came  to<thc]K^t.4)f  .i)ve^^^^       a  half.  ifirfr.mt^f$ 

V01.IL  Eee*  ••  3f«w4r"**^ 


•^^^^  it  was  two. 


Fhjfico-mgchanicd  Experiments.  • 

June  20.  The  mercury  afcended  three  and  a  half.    Towards  the  evening 


The  afcenc  is  here  always  to  be  underftood,  as  added  to  the  former. 
>  The  afcent  was  < 


The  afcent  was 

The  height  was  forty-eight.    But,  tranfmitting  the  air  into  another 
receiver,  the  mercury  was  deprefled  to  thirty-five  inches. 
yuljr  6.  The  afcent  of  the  mercury  was  four  inches,  in  one  night's  time, 
7.  The  afcent  of  it  was  five  and  a  half  in  twenty-four  hour's  time. 


p.>  The  afcent  of  it  was 


t 


II.  The  afcent  of  it  was  twelve,  in  the  (pace  of  thirty-four  hours. 

I  J.  The  afcent  of  it  was  feven. 

13.  The  afcent  of  the  mercury  was  three;  the  height  about  ninety 
twt>  inches :  but  the  air  being  trans&rr'd  into  anoclier  re- 
ceiver, the  mercury  reft^  at  irfty. 

■j}  The  afcent  was  -{l  J      |  ;*}  The  afcent  was  {'^ 

18.  The  afcent  of  the  mercury  was  5> ;  the  height  of  it  102. 

13.  The  height  of  the  mercury  was  pij  fori  tranfoiitted  part  of 
the  air  into  another  receiver. 

"ao.  The  afcent  ctf  the  mercury  was  i  y. 

3  3 .  Some  air  got  out,  and  the  height  of  die  mercury  Tas  6$  f  . 

33.  The  afcent  of  it  was  12  f. 

24.  The  afcent  of  the  mercury  was  4 ;  the  height  of  it  7P  inches ; 
but  the  air,  being  tranfinitted  into  another  recdveri  the  mer- 
cury refted  at  67. 

*  J'}  The  afcent  was  {^        |  H}  The  afcent  was  -f * 

30.  The  afcent  of  it  was  ten,  the  height  ninety-eight.  Part  of  the 
air  beingtrai^mitted  into  another  receiver,  it  refted  at  fixty- 
four. 


At^.  i.>The  afcent  of  the  mercury  was<y> 


3.  I  tranfmitted  the  air  into  another  receiver,  and  the  mercury  re- 

main'd  at  fixty-dght. 

4.  X  tranfmitted  the  air  again  into  another  receivers  and  the  mer- 

cm7  refted  at  fifty-four.         x 

tf.The 


>  The  afcent  of  the  mercuiy  was-^  J^ 


8.  There  was  no  afcen^ 

9.  The  afcent  was  three  inches. 

The  receiver  being  opened,  I  found  the  cherries  of  a  whiclfh  colour,  and 
of  very  little  tafte,  tho  not  ungrateful;  their  flelh  was  fpongy. 

Hence  it  feems  to  follow,  that  cherries  contain  much  air^  and  that  they 
produce  it  very  irregularly. 

(24.)  July  i^.  i67j.  I  put  cherries  into  an  exhaufted  receiver  j  and 
then  cranfmitted  into  the  fame^  as  much  air,  produced  £rom  other  cher- 
ries, as  fufitced  to  fuftain  fifty  inches  of  mercury. 

July  1$.  Tefterday,  the  mercury  had  not  aicended  at  all;  but  this  day 
it  was  two  inches  higher ;  that  is,  twenty-two,  above  its  wonted  ftation* 

July  16.  The  height  of  the  mercury  was  twenty-three  and  a  half. 


Juiy  17.  The  height  of  it  was  twen- 
ty-five. 
25.  The  height  of  it  was  for- 
ty-three.   Some  air  got 
out. 
17.  The  height  of  the  mercury 


was  forty-five.  More  air 
elcaped. 

30.  The  height  of  it  was  fifty- 

twol 

3 1.  The  height  of  it  was  fixty- 

one  inches. 


Augu/i  I.  The  height  of  the  mercury  continued  nearly  the  fame,  tho* 
the  air  broke  out. 

Augfi/l  27.  The  air,  having  been  all  broke  away  for  fome  time,  I  took 
out  the  Cherries,  and  found  theni  not  to  have  loft  their  colour,  as  in  the 
former  experiment :  they  had  contra£ied  no  putre&fHon,  nor  mouldinefs^ 
but  tafted  a  little  more  acid  than  ufual ;  and  being  open'd,  there  were  ma- 
ny cavities  in  their  flefli^  as  in  fermented  pafte^  or  dough,  but  not  quite 
fo  thick. 

From  this  experiment,  compared  with  the  former,  it  may,  probably,  be 
inferred,  that  in  artificial  air,  fruits  produce  leis  air,  and  to  the  better 
preferve  their  colour  and  tafte  ;  for  the  cherries,  in  the  former  experiment, 
remained  in  the  receiver,  not  much  longer  than  in  this* 

(25.)  Septemb.  10.  1677.  I  put  fix  ounces  of  unripe  grapes  into  a  recei-<^«/ef 
ver,  with  common  air,  capable  of  containing  twenty-five  ounces  of  water  ;*^^' 
and  ftopVl  it  firmly  by  means  of  a  fcrew.  ^ 

Stftemter  11.  The  mercury  afcended  n!^  at  alL 

S^t.  1 2^  The  mercury  ftop'd  a  little  bdow  one  inch. 

3  t      I      Seft.  x8 

The  height  of  J  7  ipi  ^ 

'  ^        -^10         ■'  do^The  height  was 

.14  I  a2 

September  23.  The  height  of  it  was  27.     The  grapes  were  not  al- 
tered. 
September  24.  The  hoAt  was  30. 

25.  The  height  was  31.    The  grapes  b^an  to  grow  yellow. 

Eeee  a  Septemb. 


itwas        X^  X      ,  J, 
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■W"*.    Sepim^.^dl   The  height    fji        I    &^.      a?  1  The  Hei^^  Pj7 
^f^-^  27J      of  itwas    T.J4^      I  30  J  ■'^^         t   35 

Otiober  i.  The  height  ren.aincd  at  35. 
Offo^  2.5  I      Oi?o*.  lol  The  heJEht  was  /s  j 

y>    Theheight  wftS  jtf     \  35 J  The  height  was    Ijit 

The  air  got  not  out,  but  the  cold  began,  and  increafed. 

Novemb.  9.  The  heiglit  remained  the  fame. 

Deceml.   19.  Almoft  all  the  air  efcaped. 

Detemli.  20.  I  took  out  the  grapes,  and  found  by  their  fmell  and  thrft 
tafte,  that  they  had  contrafted  fome  mouldinefs,  tho'  not  (Ufcernable  bjF 
the  eye.  They  were  more  firm  than  before, 
fahUftU  (26.)  Septemb.  10.  1677.  I  included  two  ounces  of  crude  grapes  in  ft 
'  "'■  receiver,  capable  of  holding  eight  ounces  of  water  ;  and  to  the  common  air 
added  air  produced  out  of  pears,  till  the  mercury  refted  ten  inches  above 
its  ordinary  ftation. 

LSept.  II.  The  mercury  defcended^ and  its  height  was  eight  inches. 
Sept.  12.  The  height  of  itwas    il.  the  afcent   j. 
Sept.  13  ■>   The  height   fifi        I      Sept.  ij  "I   The  height  T  ij 
14  J"    of  it  was    "iio        I  i6  S        was  t  a+ 

Sept.  17.  The  height  was  28.  The  grapes  turned  yellow. 


Sept.  18 


The  height 
of  it  was 


I 


)ve 

J 

*1 


Sept.  ai  7   The  height  f  3J 
23  J     of  it  was    \  30 

Some  air  had  broke  out ;  and  tL_ 
grapes  wefe  of  a  ydlow  coIoUT- 

Sept.  24  7  The  height  of  the  J"  ay 
25  X  mercury  was  X  iz 
iS  The  height  almoft  the  iame. 

*7  ?  C  »» 

i9  >  The  height  of  it  was  <  27 
JO  3  C  18 

0£?o^.  I.  and  %.  TJijcheighc  aS. 
Otioh.  5  "i    The  height    J. 30  |     ORti.  10  >  Theheight  /  J*-^ 
6  5         was  t  31  I  .     '3  X        was      \  31 

Novemb.  g.  The  h^ht  was  13.    Some  air  hmi  got  out. 

December  15.  The  height  of  the  i^ercnry  Was  20  inches. 

Decemb.  20.  I  took  out  the  grdpes,  and  their  fciell  and  tafte  were 
more  grateful  than  of  others  i  their  firnuiefs  lather  increaied,  than  dimi- 
nifhed. 

Henc^  faflitious  air  feems  fit  to  alter  colours  and  to  preferVe  tafte ;  but 

the  firmnefi  mig^t  be  increafed  here,  as  ia  turpendne ;  the  ipirits^  in  time, 

being  exhaled. 

if.^in**f     (27.)  J^h  18.  Itook  two  pieces  rfonu^c,  and»l^  the  help  rf  a  flsrew, 

X"i      '  ^^P^^  them  dofe  up  in  ft  receiver,  with  common  air ;  When,  into  the  fame 

teceirer,  I  put  air,  produced  oot  xd  t^ieixies,  as  much  as  fufficed  to  fuftaia 


ATICJ 
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11  inches  of  mercury.    At  the  fame  lime  I  put  a  piece  of  the  fame  orange  ^/^^ 
into  another  receiver,  with  common  air  alone,  and  uncomprefs^d.  ^^^ 

July  20.  The  orange  in  the  common  air  began  to  contraA  a  mouldinefs  ; 
but  the  other  feemed  not  at  all  alter'd. 

July  23.  The  mouldinefs  of  the  orange,  in  the  common  air,  increafed ; 
the  other  piece  remained  found. 

July  16.  The  orange,  in  the  common  air,  did  not  increafe  its  mouldinefs, 
but  feemed  wholly  rotten :  the  other  alfo  began  to  putrefy,  but  remained 
£ree  from  mouldinefs. 

Aug.  I.  Perceiving  that  the  oranges  were  no  longer  fenfibly  changed,  I 
openM  the  receivers ;  and  tho'  the  air,  where  with  1  had  mix  a  the  anificial 
aif ,  was  fo  compre£ied  in  its  receiver,  that  it  could  not  now  fuftain  twenty- 
fiiL  inches  of  mercury  above  its  wonted  prefTure,  yet  the  fruits  were  far 
better  preferved  in  it,  than  in  the  other ;  only  the  fuperficies  feemed  to 
have  loft  its  juice;  but  all  the  inner  pans,  with  the  rind,  were  veiy  well- 
oolourM,  well-tafted,  and  firm  :  in  the  other  receiver,  the  whole  orange 
f^med  almoft  rotten,  as  well  as  the  rind.  The  orange  was  more  corrupted 
ia  tlM  comprefled  air,  becaufe,  as  it  feems,  no  &£litious  air  had  been 
Biixed  with  it. 

It  feems  worth  obferving,  that  the  fame  air,  generated  from  cherries^  is 
apt  to  produce  difierent  e^As,  upon  fruits  of  a  different  kind  ,*  for  here  it 
retarded  the  alteration  of  colour  and  firmnef%  which,  when  I  included 
air  with  apricocks,  it  accelerated. 

(28.)  July  20.  l6^6.  I  included  a  fmall  piece  of  beef  in  an  »haufted  j^{^/'* 
receiver,  and  put  as  much  air,  produced  from  cherries,  into  it,  as  fuftain'd 
27  inches  of  mercury. 

July  21 

Vc    ^^^  mercury  remained  ahnofl  at  the  fame  height. 

Jnfy  %6.  The  beef  had  removed  the  receiver  fix»n 
it  was  very  fetid,  we  threw  it  away. 


id  eatefuUyftopp'd  it  in,  by  means  of  tbe  fbrew.  ^^' 

Jufy  21.  The  mercury  had  not  at  all  afcended  in  the  gag?. 
€v^7..  . .   HTL.  t_-=^i-^  ^i?  ^i_^  mercury  WHS  one  inch« 

25 r  The  height  of  1    p  f. 

2O  Ciif.       I°thecvemng-[  ^^ 

28.  Thefcrew,  not  being  ti^t,  fu£fer'd  the  air  to  br^  out. 
Hence  it  appears,  timt  air  produced  from  cherries^  is  a  great  hindrance 
'to  the  produaion  of  air  from  fldk^ 
..  (29.)  Ahrch  14.  1676.  IputtwoonionsJofio^jcec^ver,  fo4ofco0imono«AiM>f«r 
fll^c,^with  a  mercurial  gaee ^  and  iEdfaiod  ^  ftopple  with  a  £^ew,  to  fee**" ^^« 

^Bether  vegetation  would  increafe,  or  diminilb  the  quantity  of  tbs  air. 

March 


|l  Phy/fco-mechamcal  Boiftriments.  ^ 

«*»>«'■      March  18.  The  mercury  feemed  deprefled  one  quaner  of  an  inch  ;  but 
r^  it  afterwards  recovcr'd  its  former  height,  and  two  iaches  more  ;  and  now 
the  air  broke  one,  and  the  roots  grew  longer. 

^pril  28.  About  c«i  or  twelve  days  fince,^  I  perceived  the  roots  to  be 
I  corrupted  ;  and  now  they  were  wholly  putrefied. 

May  9.  The  mercury  continued  at  the  fame  height;  for  the  air  h«d 
broke  away  :  and,  Therefore,  I  took  out  the  onions,  and  found  theirroots 
putrefied,  but  they  were  not  at  all  mouldy. 
hf-iffi-     (i°-)  March  17.  1676.  I  included  two  onions  in  an  exhaufted  receiver, 
''•         and  afterwards  put  air,  produced  from  pafte,  into  it. 

Manh  28.  The  onions  took  root,  at  leaft,  as  well  as  thofc  which  I  kept 
in  the  common  air. 

Jpril  28.  The  ends  of  the  roots  began  to  putrefy,  yet  they  were  in  hr 
better  cafe,  than  thofe  furrounded  with  common  air.  Perhaps,  the  caufe 
of  this  difterence  is,  that  a  greater  quantity  of  water  was  included  with 
the  artificial  air.     The  mercury  mounted  higher  by  nine  or  ten  inches. 

May  18.  Hitherto  the  onions  feemed  not  at  all  corrupted  ;  but  this  day 
I  found  one  of  them  to  be  a  little  foj  tho' different  from  a  mouldinefs. 

Hence  we  may  gather,  that  artificial  air  doth  not  at  all  hinder  vegeta- 
tion i  and  that  not  only  the  ienfible  magnitude  of  tlie  body,  but  alio  the 
quantity  of  the  air,  is  increafed  by  vegetation. 
■g"f".        Cji-)  Auguft  25.    I  included  fix  ounces  of  unripe  grapes  in  a   recei- 
■*" '"'  ver,  capable  of  holding  twenty-five  ounces  of  water;  but  did  not  exhauft 
the  air. 

Augufi  26.  The  mercury  afccndcd  a   little. 

27.  The  height  of  the  mercury  was  1  inch.  i 

28.  The  height  of  it  was  1  f. 

29.  The  height  was    i  ~. 

Auguft  30.  The  mercury  feemed  to  have  defcended,  rather  than  aC- 
cended.  The  colour  of  the  grapes  was  lefs  alter'd  here,  than  in  the  re- 
ceiver, containing  air  produced  from  pears. 

Aug.  3  r.  The  receiver  broke,  and  I  left  the  grapes  expofed  to  the  firce  air. 

Sept,  7.  The  grapes  being  left  in  the  free  air,  ftill  kept  their  green  co- 
lour, and  were  of  a  grateful  tafte,  tho'  lefs  pungent  than  before. 
't>e*iit'»     Auguft  2;.  I  included  two  ounces  of  unripe  grapes  in  a  receiver,  ca- 
•*"*"■'    pable  of  holding  eight  ounces  and  a  half  of  water;  and  having  ftopp'd 
it  clofe  with  a  fcrew,  I  filled  it  further  with  air,  produced  from  pears, 
till  it  fuftained  i ;  inches  of  mercury. 

Auguft  i6.  Some  air  efcaped,  and  therefore  I  crowded  in  new,  produ- 
ced out  of  the  fame  pears,  till  the  mercury  rcfted  17  inches  above  its 
wonted  height. 

Auguft  27.  The  mercury  was  dcpreffed  below  the  ifith  inch ;  yet  no  air 
had  broke  out.    Towards  evening,  the  mercury  again  afcended  to  I7- 
Aug.  18)  f  15)  I  Aug.  3O  C23  4 

•i9  f"  The  height  of  it  was  "sail  Sept.    i  >The  height  of  it  wiis<  24 


Fhyficthfnechanical  Experiments.  ^i: 

Seft.4.  The  laft  height  contkowd,  Myd  thc^«apes  had  all  contrafted  a^^JJ?* 
yellow  colour.  ^  ^  ^^ 

Seft.  5.  The  air  broke  out. 

Sept.  7.  The  air  continuing  to  get  away,  by  degrees  %  I  took  out  the 
graces,  and  found  them  very  infipia,  and  of  an  luigracefiil  tafte. 

This  experiment  confirms  the  efficacy  of  artificial  air,  to  alter  the  colour 
of  firuits.  Tis,  alfo,  very  obfervable,  that  here  it  damaged  the  tafte,  and 
promoted  the  produ^on  of  the  air,  contrary  to  v^hat  had  happened  in  the 
former  expenments.  It  might  be  worth  while  to  try,  whether  the  feme 
would  happen  in  all  unripe  nuits. 

(32.)  Augufi  2. 1676.  I  Omt  up  a  July-flower  in  a  receiver,  with  air  pro-^  _^^ 

duced  from  pafte,  made  with  meal,  and  not  mixed.  ^         fmSSm*  sit 

Augpfl  4.  The  flower  began  to  change  its  colour,  and  to  grow  moift. 

Auguft  9.  The  July-flower  was  a  little  altered. 

Auguft  11.  The  moifture  gradually  increafed,  but  no  mouldinefs  appeared. 

At^fi^i.  The  July-flower  feem'd  little  altered,  tho*  it  was  lefs  £rdh 
than  thofe  wjiich  were  kept  in  vacuo. 

Augufi  2.  Ilhutupa  July-flower  in  a  i-eceiver,  with  common  aii^  not^^^,^^ 
mixed. 

A$^gi^  4.  The  flower  was  not  changed. 

Augufi  9.  It  grew  moift,  and  had  almoft  loft  all  its  colour. 

Augufi  12.  A  great  mouldinefs  coverM  all  the  flower. 

Aug.  2.  I  included  two  July-flowers  in  vacuo^  and  took  fpecial  «rc,  y^^^i^,,^ 
that  no  humidity  ihould  be  included  with  them.  ▼*cii©^ 

Aug.  4.  1676.  One  of  them  began  to  appear  moift. 

Aug.  3 1. 1677.  During  the  whole  year„  the  July-flowers  had  fuflfered  no 
change. 

Hence  it  feems  probable,  that  fa£Htious  air  hafbns  the  change  of  colour^ 
3;et  it  prevents  mouldinefs  as  a  Vacuum. 

(33.)  Ji^  24.  I  put  apricocks  and  fome  plumbs,  fereral  of  which  were  ^^^^^  ^ 
cut  in  pieces,  in  a  receiver  fidl  of  conunon  air,  and  ftopped  it  firmly  with^i^^^n 
afcrew.  .  •oii#«^ 

July  25 •  The  mercurial  gage  was  fpoiled ;  fo  that  I  could  not,  by  any 
means,  perceive  the  quantity  of  the  air  generated. 

July  30.  The  fruit  feemed  not  at  all  alterM,  except  that  oneof  the  cut 
plumbs  had  contrafted  fomething  of  mouldinefs. 

Ai^.  2.  I  opened  the  receiver,  and  found  all  the  fruit  firm,  of  a  good 
colour,  and  a  grateful  tafte. 

Jufy  24.   I  made  the  feme  e^riment  in  another  receiver,  with  thexfrfj«itJb< 
feme  circumftances ;  only  into  this  laft  receiver,  I  intruded  air,  produced  <tf<M<  j^ 
from  cherries,  till  it  fuftainM  twenty-two  inches  of  mercury. 

y^fy2$.  The  mercury  defcended  three  inches,  and  refted  at  nineteen; 
Toward  the  evening,  it  recovered  its  former  height,  and  refted  at  twenty- 
two. 


m^P.  Phy/tco-meehankal  Exptrimtttti. 

^V^^  began  t«  moHWB,  and  diiToUx  into  wacer. 

^^^~^  *  .  -rf^i:-  a-  The  heiglit  was  fixty-five.    Towards  evening,  when  fome  liquor 

flhiul  elcaped  out  of  the  receiver,  I  fcrcwed  it  tighter ;  out  one  of  the  iron- 
Wires   being  broken,  all  the  air  got  a«  ay.     WhenJore,  I  took  out  ttio 
fruits,  aiid  found  them  very  foft;  efpecially  tbofe,  whofe  lower  parts  wefc 
ininiers'd  in  the  water :  the  reft  were  a  little  more  firm,  but  all  of  themr  | 
retain'd  a  graceful  cafte. 

Hence  it  feems,  that  air  produced  from  cherries,  promotes  die  akexy* 
tion  botli  of  colour,  and  firmneis  in  apricocks. 

It  appears,  aifo,  that  feme  part  of  fuch  air  is  deftroyed  at  the  firft. 
«4ii«n«t-      (i4-)  yuty  30. 1676.  I  put  plumbs,  cut  afundcr,  into  three  receircrs  • 
'i*,"ji,'",'^  oneof  which  wasiuU  of  artificial  air,  produced  from  goosbcrries ;  the  fc- 
rttno.        cond,  full  of  common  air ;  and  the  third  exhaufted. 

/^u^.  1.  la  the  artiHcia]  air,  the  plumbs  were  not  changed ;  in  the  coni- 
mon  air,  they  began  to  be  mouldy  ;  but  in  the  evacuaKd  receiver,  they  ' 

(reiain'd  their  colour,  and  were  foft.  | 

Aug.  5 .  In  the  artificial  air,  the  plumbs  had  contrafted  a  red  o^ur,  | 
humidity,  and  foftncfs ;  m  the  common  air,  they  feemed  black  and  mooldy,  ' 
yet  retain'd  their  firmnefs ;  in  the  evacuated  receiver,  they  were  ahnoft 
dilTolved. 

Aug.  7.  The  plumbs,  in  the  common  air,  began  to  foficn. 
Ati£.  8,  The  plumbs,  in  the  common  air,  feemed  to  have  loft  their  bUck 
colour,  and  to  have  conrrafted  a  red  one ;  as  it  happen'd  three  days  bc- 
^"ioTt,  to  tfK'pltunbs  in  the  artificial  air. 

In  this  experiment,  artificial  air  feems  to  have  promoted  an  alteration. 
y^rHj  TT 1 —  ■  XiS')  Sept.i^  I  put  five  peaches  into  a  receiver,  with  common  air, 
■^Aj-jiitf-  inixed  with  fome  produced  from  grapes ;  and  included  the  grapes  them- 
.I-  »0t         feives  in  the  iame  receiver,  that  the  common  air  might  be  the  better  &ta- 
nted  with  the  artificial. 

Septemh.  i;.  The  height  of  the  mercury  was  twrcnty-one  inches. 
rSeja.i6}  Caj      iSeft.i^^  C^x 

37  >The  height  of  it  was<  3 1     I         3o>Thc  height  of  it  was<45 
i8>  C39     ^0£Joi.iy  (48 

OtJolf.  2.  The  fame  height  continued. 
*»«;,[  3,  Thehaght  of  it.was  jz  and  a  half. 

■'-  ■  5.  Theheighttheikmeibutthepeachesfeem'dintMft. 

6.  The  heightof  it  was  j8. 

7.  The  height  of  it  was  the  lame. 

8.  The  height  of  it  was  6i.  .  ^      '   .    ■    ■ 
II.  The  mercury  afcended  a  little.  "    '  , 
19.  The  height  ofit -was  <?!•                                          ^ 

'       2«r.  The  bright  b£  it -Was  61.    TbeooldfwmsQuiip'    -    " 
5    '  27.  The  cold  abated,  and  the  m«*cury  afcended.  ^    * 

Ik:  30.  The  height  was  tfi,  and  a  Unle  more.  Nov. 


iMii  mr. 
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Nov.  2.  The  height  of  the  mercuiywas  S9*    'Twas  fevere  cold  wca-^^MAricf. 
ther-  v^^tN^. 

6.  The  height  was  61.    The  froft  broke,  and  it  thaw'd. 

7.  The  mercury  feemed  fbmewhat  higher. 
9.  The  mercury  perfifted  at  the  fame  height. 

Dec,  9.  In  one  month^s  fpace,  the  mercury  afcended>  by  degrees^  to  the 
height  of  eighty  inchesi*  . 

April  1. 1578.  The  mercury  came  to  ninety-fix  inches  above  its  wonted 
height.  I  now  opened  the  receiver,  and  wmlft  the  air  was  breaking  out, 
the  peaches  emitted  many  bubbles  thro'  their  skins,  not  without  a  violent 
noife ;  and  the  skin,  in  iome  of  them,  was  broken :  they  (md  preierved 
their  jtafte,  and  the  coIqui  of  their  pulp ;  but  loft  their  firmneis^  as  if  they 
had  been  boil'd :  being  left;  in  the  air  £ot  three  hours,  they  were  all  rotten. 

This  experiment  prove!^  that  common  air  corrupts  bodieSj  tho'  much 
the  leiis  for  being  mixed  with  faditious  air. 

(35.)  Avfffft  4.  The  firft  receiver.    I  cut  five  pears,  each  of  them  into^^»•  *^ 
iaai  parts ;  and  put  one  part  of  each  into  a  receiver  ivU  of  common  air^     ^ 
and  ftopp'd  it  dole  with  a  fcrew. 

Asg.  6.  The  colour  of  them  was  little  alter'd,  and  the  mercury  afcended 
not  at  all. 

Aug.  7.  The  pears  were  little  alterM^  and  the  mercury  was  a  little  higher. 

Aug.  8.  The  pears  underwent  no  great  change ;  the  height  dF  the  mer« 
cury  was  four  inches. 

Aug.  9.  The  height  of  it  was  four  and  a  half. 

Jbig.  io7     The  height     f  6  I  Aug.  ij?     The  height     fitf 
iij       of  it  was      C.10 1  14X     of  it  was    xio 

The  pears  b^n  to  be  foft. 

Aug.  15.  The  height  of  it  was  %i. 

16.  The  height  of  it  was  19.    I  believe  the  air  had  got  out. 

17.  Now  I  lound  the  air  had  efcaped. 

18.  The  air  being  almoft  all  got  out,  fince  yefterday  in  the  evening, 

and  the  firuit  looking  wor&,  I  took  the  pieces  out,  and 
found  them  putrefied. 
Aug.  4.  The  fecond  receiver.    I  took  one  quarter  of  each  of  the  afore- PMfi>«r^ 
laid  pears,  and  included  them,  after  the  iame  manner  i  and,  afterwards,*^ *^* 
added  air,  produced  out  of  cherries,  till  the  mercury  pofle^'d  twenty*three 
inches  extraordinary. 
Aug.  6.  The  fruit  was  not  alter'd,  except  a  little  in  their  colour. 
Aug.  7.  Almoft  all  the  pieces  feem'd  rotten  i  the  mercury  remaining  at  the 
fame  height. 

Aug.  8.  The  pears  were  not  alter'd  much ;  but  I  could  not  fee  the  mer« 
cury. 

Aug.  10.  They,  gradually,  grew  fofter ;  and  the  mercury  was  forty 
inches  above  its  wonted  heif^t. 

Aug.  Ill     l^he  height    Jsi    J  ^i(g.  147     The  height     ftfy 
iS-T     of  it  was      \6i  I         15J       of  it  was     Xiz 
Vol.il  Ffff  Aui. 
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^u^  .      ■^"l-  ^^'  The  mercury  defcended  ;  yet  nothing  had  got  out. 
^  ^^      yf«^.  17'  The  mercury  exceeded  not  fixty-ieven  inches  in  height ;  yet  the 
air  could  by  no  means  efcape, 

Ang.i^.  The  mercury  remain'd  at  the  feme  height ;  but,  fufiering  the 
I  air  to  break  out,  it  had  a  fliarp  odour;  and  the  taftc  of  the  firuit  fccm'd 

very  acid,  and  the  pulp  exceeding  foft. 
«;■«««.      /lugufl  ^  i^Tj'    The  third  receiver.    I  put  a  quarter  of  each  of  the 
Ticavtr.  gfQj^fajj  peaj-s  into  a  receiver,  not  exa£Uy  fliut. 

Aug.  6.  The  pears  feem'd  to  change  their  colour. 

Aug.  7.  One  of  the  pieces  began  to  lofe  its  firmnefs;  but,   in  the  ar- 
tificial air,  another  piece  yefterday  feem'd  wholly  rotten. 
Aug,  8,  One  piece  was  mouldy ;  the  reft  were  foft. 
I  Aug.  9.  The  pears  gradually  grew  more  rotten. 

L  At^.  1  r.  They  were  wholly  mucid,  and  rotten. 

[  This  receiver,  compared  with  the  firf^  ihews,  that  corruption  be^ns 

*  not  in  the  free  air  fooner  tlian  in  included  air ;  but,  when  begun,  that  it 

I  is  much  more  violent  and  fudden ;   becaufe  the  induded  air  may  be  &- 

riatcd. 
pttsTuiai     Auguft  ^  iSjy.  The  fourth  receiver.     I  included  one  quaner  of  each 
of  the  faicipears  in  "vacuo. 
Aug.  6.  The  height  of  the  mercury  was  5  ■ 


M-  7' 


'  The  height  . 
ofh;  was 


Aug.  I? 


17 


Cio 

The  height  Jij 
of  it  was     Ji; 

Ga 


ao.  Hitherto  the  pears  had  undergone  no  altetatiMi ;  but  this  day  tbey 
began  to  be  foft.    The  mercury  afcended  not. 

Aug.  z6.  Neither  the  pears,  nor  the  height  of  the  mercury,  were  at  all 
altcr'd. 

This  produftion  of  the  air  feems  very  regular. 

Hence  we  find  the  aptnefs  of  artificial  air  to  foften  fruits. 

And  that  the  produftion  of  air  was  here  promoted  by  artificial  air,    is 
Tery  probable  ;  tho*  it  had  fucceeded  othcrwife  with  apricocks. 
JfUtAiim        u7')  -^^Sffft  *>■  i<S77-  The  firft  receiver.  I  divided  fix  apricocks,  each 
Mam»  M-'     j^jp  four  parts  J  and  put  one  piece  of  each  into  a  receiver  full  of  com- 
mon air,  and  ftopp'd  it  firmly  with  a  fcrew. 

Aug.  22.  The  apricocks  teemed  riper  than  yefterday  ;  but  no  air  was 
produced  by  them. 

Aug.  3  J.  One  piece,  contiguous  to  the  water,  began  to  be  mouldy,  and 
the  reft  inclined  to  putrefeftion.  The  mercury  feemed  to  have  afcended 
a  litcle. 

Aug.  24.  A  piece  next  the  water,  was  cover'd  with  much  mouldinefi  ; 
another  piece,  more  remote  from  the  water,  was  fomewhat  mouldy  alfo  j 
but  all  were  rotten. 
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Aug.  2  J.  The  fruit  contrafted  no  more  mouldinefs ;  but  the  putrefe-  ?»sMcATiofc 
ftion  increafed.    The  height  of  the  mercury  was  feven  inches.  ^-^VXi/ 

Aug,    26.  The  height  of  the  mercury  was  ly. 
a8.  The  height  of  it  was  30. 
29.  The  fame  height  continued. 

JO.  The  height  o£  it  was  jj.The  fruits  were  almofk  all  diflblved. 
J  I.  The  height  of  the  mercury  was  38. 
Seftmb.  I.  The  height  of  it  the  lame. 
3.  The  fame  height  ftilL 
3.  The  mercury  afbended  a  little. 

Septemb.  47  The  height   f  41  I      Seftmb.  ^>  The  height  Y  45; 
5  J     of  it  was     C  43  I  SX    of  it  was    \  46 

Septemb.9.  The  fame  height  continued. 

Sept.  22.  Little  or  no  change  appeared  in  the  height  of  the  mercury  ;  but 
the  rruit  was  almoft  difTolved  into  water. 

OSlob.  I.  When  the  mercury  continued  at  the  fame  height,  and  the  fruit 
feem'd  almoft  vanifh'd,  I  open  il  the  receiver,  and  found  the  apricocks  very 
much  impaired  and  foft ;  yet  they  retained  a  tafte  not  unpleafant,  but  tend- 
ing to  acid. 

Aug.  2 1.  1 577.  The  fecond  receiver.  I  covered  one  quarter  of  each  of  the  4H»«*f  «  ♦• 
aforefaid  apricocks,  with  a  receiver,  not  defended  againft  the  external  air.  ^'**^' 

Aug.  22.  They  were  flaccid,  as  if  they  had  been  dry,  or  withered. 

Aug.  23.  Many  of  them  appeared  rotten  and  mouldy. 

Aug.  24.  The  apricocks  were  wholly  putrefied,  and  mouldy. 

Aug.  21.  The  third  receiver.    I  included  firmly,  by  the  help  of  a  fcrew,  fhtfsm  h  m* 
one  quarter  of  each  of  the  aforefaid  apricocks,  in  an  unexhaufled  recei- JJJj'lJIJ^SJi. 
ver;  to  which  I,  afterwards,  added  air  produced  from  pears,  till  it  fuC-^rff^&ifim 
tain'd  20  inches  of  mercury. 

Aug.  22 .  The  mercury  afcendednot  at  all ;  but  the  fruit  feemed  to  have 
acquired  a  greater  degree  of  maturity,  than  that  included  in  common  air. 

Aug.  23.  Thefe feemed  lefs  altered,  than  thofe  which  were  in  common  air. 

Aug.  24.  They  remained  unalterd. 

Aug.  25.  The  fruits  began  to  produce  air,  but  I  could  not  difcem  the 
quantity. 

Aug.  26.  Little  alterarion  in  the  fruit. 

Aug  28.  It  began  to  moifien,  yet  was  far  lefs  alterM  than  that  which 
remained  in  common  air. 

Asig.  30.  The  mercury  emer^'d  above  die  bodies,  by  which  it  was  hid. 
Its  height  above  the  wonted  ftation,  was  thirty  inches. 

Aug.  31.  The  height  of  the  mercury  was  itorty  inches. 

Sejft.     I.  The  height  of  it  was  the  fame. 

2.  The  fame  height  continues. 

3.  The  height  45. 
8.  The  height  was  little  changed. 
p.  The  height  40 ;  yet  no  air  got  out. 

II*  The  height  was  38. 

Fff f  2  12.  The 
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y<-.    -  1 1.  Tbe  mercary  continued  to  defcend. 

•^^^^  13.  The  height  of  it  was  33. 

Sept.  14.  The  mercury  was  io  deprert'ed,  as  to  appear  no  more. 

I  Sept.  22.  The  mercury  emerged  again ;  its  height  was  33.     The  ftiut 

was  cover'd  with  a  kind  ofmucor. 
OBiA.  I.  When  neither  the  apricocks,  nor  the  height  of  the  merairy» 
were  any  more  alter'd,  and  the  mucor  vaniQied,  I  open'd  the  receiver,  and 
found  the  apricocks  not  impaired,  but  of  a  good  colour,  their  pulp  ipon- 
gy  and  fofc,  and  of  a  tafte  inclining  to  acid. 
fnVtili  .v  «  Aug.  11,  The  fourth  receiver.  I  tooka  quarter  of  each  of  the  faid 
(J,",^^f  Tapricccks,  and  ftiut  them  up  firmly,  with  a  fcrew,  in  an  unexhaufted  re- 
»i'fura»ri>  ceivcr  ;  into  whicli,  afterwards,  I  intruded  air,  till  tlie  mercury  rofe  90 
MtuSti.        inches  above  itsftandard  height 

Aug.  22.  Our  receiver  broke  into  an  hundred  pieces,  by  the  force  of 
the  air  compielVed  within  it ;  whereupon,  I  put  the  fruit  into  another,  and 
added  only  fuch  a  quantity  of  ail'  as  was  able  to  fuftain  fixty  inches  of 
mercury. 

Aug.  25.  The  apricocks  had  contrafted  much  mouldinefs  i  and  I  added 
new  air. 

Afig.  16.  They  were  wholly  infefted  with  mouldinefs  and  rottennefs. 
This  receiver,  if  compared  with  the  former,  (hews,  that  the  quantity 
of  corruption  depends  on  the  quantity  of  the  air- 
Hence  we  have  it  confirm'd,  that  alterations  are  made  more  fuddenly  in 
faftitious  air  ;  and  that,  in  time»  the  corruption  is  far  greater  in  common 
air. 

i>4t  tfa  ^ipffj     (38.)  March  ji.  HS77.    I  put   two  onions  into  a  receiver,  which  was 
'{'^^^tMt^o\it  ftopp'd  clofe  with  a  fcrew;   and  intruded  fo  much  common  air  there- 
tftbe  mnman,  into,  as  raifcd  the  mercury  i^ixty  inches  above  its  ufual  ftation. 
nZUnStU^'.     Manh  28.  The  onions  took  root  as  well  as  other  onions  which  I  in- 
cluded in  common  air  at  the  fame  time. 

April  28.  The  onions  included  in  common  air,  eight  days  ago,  were  co- 
ver'd with  mouldinefs,  though,  in  the  beginning,  they  had  ftot  nunxyious 
roots  :  the  onions  in  the  other  receiver  began  to  corrupt  at  the  ends  of 
their  roots  ;  but  the  comprelTed  air,  ten  days  before,  had  found  a  gradual 
palTage  out,  and  now  was  almoft  wholly  efcaped.  I,  therefore,  pnc  in  new 
air,  till  the  mercury  had  attain'd  to  the  height  of  fixty  inches  above  its 
ufual  ftandard. 

April  29.  The  onions  in  the  comprefled  air,  were  cover'd  all  over  with 
mouldinefs. 

Hence  it  feems  to  follow,  that  a  little  comprefliire  doth  not  prejudice  bo- 
dies to  be  expanded  by  vegetation. 

And  the  new  air,  which  was  intruded,  fcems  to  h&ve  promoted  the 

mouldinefs,  though,  probably,  in  the  beginning,  the  compreffure  of  the  air 

retarded  both  the  mouldincis,  and  the  corruption. 

flZr/'i-™-*     (j?-)  M<^y  9-  I  put  two  eqnal  quantities  of  tulips  and  lark-ipurs,  into 

•winmin^i   two  rccelvers  of  an  equal  bi^efs,  and  ftopp'd  them  up  firm^  irich  fcrews : 

L         ■  ■  '    '  I 


I  life  one  of  tbcm  with  ceounon  lair  only^.  biic  ccrra^rtftd  t)»  other  by  the  ^I^Si^i^!^ 
intrufion  of  new  air,  till  the  mercury  exceeded  its  woiited  height  by  ^^▼^^' 
feventy  inches. 

May  1 1.  Two  tulips,  in  the  comnioA  tir,  Contra£ked  mouldinefs  ;  but 
fill  things  remained  unaltered  in  the  comprefled  air. 

May  12.  A  third  tulip,  in  common  air,  began  to  be  finewed ;  but  no^ 
thing  like  it  happened  in  the  comprefs'd  air. 

A^y  14.  One  tulip,  in  tbe  comprefsM  air,  was  finewM ;  but  thofe  in 
the  common  air,  were  all  very  mucid  ;  and  one  of  the  lark*fpurs,  in  the 
common  air,  had  alfb  contradied  a  mucor. 

May  I  J.  Three  of  the  tulips  in  comprefs'd  air,  hadcontrafted  afinew,^ 
bQt  not  half  fo  much  as  thoie  in  the  common  air.  Two  of  the  lark-fpurs, 
in  the  common  air,  appeared  finewed  alfo ;  but  thofe  fhut  up  in  comprefs'd 
air,  were  preferved  frdh,  and  wholly  free  from  mouldine^,  or  finew. 

May  21.  The  flowers  in  the  common  air,  were  all  rotten  and  putrefied ; 
but  thofe  in  the  compre&d  air,  received  no  further  alteration  :  and  the  tu<*- 
lips,  which  had  contracted  fome  finew,  feemed  rather  to  lofe  it,  than  to 
acquire  new. 

•  Alay  3  o.  When  the  flowers,  in  the  common  air,  being  whofiy  putrefied, 
were  diffolved  into  water,  I  took  them  out,  and  kept  the  liquor  in  the 
veflel,  to  try  whether  any  infefts  would  breed  therein.  In  the  compreffed 
air,  the  flowers  fuffer'd  no  more  fenfible  alteration  ;  I,  therefdre,  took  them 
out,  knd  found  them  moiil,  and  of  an  acid  odour. 

Hence,  it  feems  that  comprefied  air  hinders  putrefaction  and  mouldi^ 
nefs,  in  fome  plants. 

(39.)  May  21.  i<$77.Icutan  orange  into  two  equal  parts,  and  inclofed  oriMM  i^cw 
one  rf  the  halves  in  a  receiver,  with  air  fo  comprefled,  that  it  would  {u&a\ii^J^*ll^''^^^ 
an  hundred  inches  of  mercury  above  its  wonted  height :  I  left  the  other 
half  in  anoiiher  dofe  receiver,  only  with  common  air. 

May  25.  Each  half  of  the  orange  had  contracted  mouldinefs  ;  but  that 
in  the  common  air  tiras  inudi  more  mucid  than  the  odier. 

May  26.  The  compreffed  air  had  entirely  got  out,  and  therefore  I  put 
in  new. 

Mc^  30.1  every  day  perceiv'd  fome  air  had  efcaped,  and,  therefore^ 
daily  Aipplied  freih,  And  the  orange,  by  receiving  new  air  fo  often,  con- 
traced  a  mucor,  notwithftanding  the  compreflhre,  muck  more  than  the 
other  piece  that  was  left  in  the  fame  air  without  preflure. 

June  I.  I  took  out  the  two  half  oranges;  and  that  which  lay  in  the 
comprefled  air,  feemed  to  have  contra&ed  a  corruption,  at  leafl:,  three 
times  -greater  than  that  which  had  .  continued  in  the  common  air. 

Hereby  the  difpofitioA  of  compreffed  air,  to  retard  coiruption,  is  con«- 
firmed;  yet,  in  time,  'tis  very  probable,  that  the  quantity  of  corruption 
may  depend  upon  the  quantity  of  the  air. 

(40.)  May  3 1.  i(?77.  I  included  two  equal  quantities  of  rofes,  m  twoiUPtt»»»<w»| 
receive w,  ftopp'd  by  the  hdpoffctews^mtooaeof  ^icb  I  intiuded  asJJJ,,  •*'^'*^ 
.;  :  ^^..  «nuqh 


*  I 
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IJ""*'- much  air  as  would  faftain  ninery  inches  of  mercury,   befideS  its  accufto*  ] 

'^^*'  med  pretfure ;  but  I  left  the  other  with  common  air  only.  j 

June  1 1.  The  roles  in  the  common  air  were  free  from  mouldinefs,  (»- I 

ly  they  feemed  to  have  loft  fomething  of  their  colour  :  but  thofe  (hut  t^j 

in  the  compreffed  air,  had  alnioft  all  contrafted  a  yellow  colour,  as  if  thcf  | 

hid  withtr'd  in  the  open  air;  yet  they  were  not  mucid,  or  finewed. 

I  June  1 8.  Thislaft  week,  the  flowers,  in  the  common  air,  fufier'd  not 

'  the  leaft  change ;  but   thofe    in  the  compreffed    air,  grew  yellower.     I 

open'd  both  receivers,  and  found  the  rofes  to  have  retain'd  their    fcent, 

yet  it  was  fomewhat  alter 'd;  neitherwere  they  dry,  orwither'd.     I  kept 

them  apart  in  the  open  air,  and  found  that  thofe  taken  from  the  compref- 

,  fed  air,  were  not  fo  foon  aker'd  by  the  contact  of  new  air,  as  thofe  which 

bad  remained  in  uncomprelled  air. 

Hence  it  feems  to  follow,  that  compreffed  air  is  fometlmes  fitter  to  al- 
ter colour  than  common  air.     And,   perhaps,   it  may  be  worth  our  no- 
tice, that  rofes  fo  included,  contra^  not  a  mouldinefc,  but  only  a  ycUow 
colour  ;  iho'  in  tulips  andlark-fpurs,  'tis  otherwife. 
ttintnt-      (41-)  J""^  '■  1^77-  I  P"f  the  two  halves  of  the  fame  orange  into  two 
r*ir,  •B^receivers  ;  in  the  one  I  increafed  the  quantity  of  air  till  it  fuftained  the 
"'  mercury  an  hundred  inches  above  its  wonted  height ;  but  left  the  other 

unconipreffed,  only  exaiftly  (hut. 

Jrtae  6.  Each  half  of  the  orange  grew  mouldy  ;  efpccially  that,  whofc 
ambient  air  was  comprefled.  But  new  air  was  ever)'  day  fupplietl ;  for  the 
comprelfed  air,  in  24  hours  time,  had  almoft  all  got  out.  But  in  the 
former,  it  had  remain'd  very  well  (hut  in,  for  fix  whole  days. 

jfafff  II.  The  orange,  in  the  common  air,  contradled  no  more  mould!- . ' 
iicfs;  but,  in  the  comprefled  air,  the  mouldinefs  gradually  increafed. 

^une  18.  Finding  the  mouldinefs  of  tlie  orange,  in  the  common  air,  to 
diminilh,  rather  than  increafe,  I  took  it  out ;  and  perceiving  further, 
that,  in  compre(red  air,  the  orange  was  not  more  mucid,  after  I  had  cea- 
fed  to  intrude  new  air.I  was  willing  to  try,  whetherthe  new  air  fupplied 
new  ftrength  to  the  orange,  to  exert  and  thruft  out  its  mouldinefs  j  and 
therefore,  made  the  mercury  in  the  gage,  by  means  of  the  air  intruded,  to 
exceed  its  wonted  height  So  inches. 

'^une  20.  Two  days  after  I  had  intruded  new  air  into  the  receiver, 
the  mouldinefs  of  the  orange  appeared  to  be  manifeftly  greater. 

Hence  we  may  gather,  that  the  quantity  of  the  mouldinefs  depends  on 
the  quantity  of  the  air. 
tvi-miaim  (^2.)  'juM  i"].  ^6^^.  1  put  two  (hrcw-mice  into  two  receivers,  of  equal 
p^tiair.  bignefs,  and  flopped  them  up  careftilly  ;  in  one  of  them  I  left  only  OHn- 
-moQ  air ;  into  the  other,  I  intruded  air,  till  the  mercury  was  higher,  by 
j  o  inches,  than  ufual :  the  moufe,  in  the  common  air,  was  included  about  5  2 
minutes  paft  5  of  the  clock;  and  6  minutes  after  the  other. 

The  moufe,  in  the  comprefled  air,  feemed  to  lofe  his  ftrength  much 
foonerthantheother,  themotionofhis  breaftbeingleis  frequent!  yet,  about 
18  minuces  after  tf  o'dock,  the  moufe  in  the  common  air,  wluch  ^medthe 

ftronger 
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ftronger,  fell  into  convulfive  fits^and  died  jbut  that  in  the  compreifed  air,  ^i^MATict 
feemed  then,  and  fome  time  after,  to  be  as  well,  as  he  was  an  hour  and  ^^-^^^^"^ 
half  before. 

About  eleven  of  the  clock,  the  mouie  in  the  comprefled  air,  ftilJ  brea- 
thed ;  but,  about  four  in  the  morning,  he  was  found  dead^  in  the  fame 
pofture  wherein  he  was  feven  hours  before  :  whence  we  may  conjefture, 
that  he  was  hte  from  convulfive  fits. 

I  muft  not  omit^  that  the  moufe,  in  the  common  air,  had  confumed  fbme-* 
thing  of  that  air ;  fo  that  the  mercury  flood  at  2p  inches,  and,  when 
the  receiver  was  opened,  prefently  afcended  to  30. 

Hence  we  learn,  that  comprefled  air  feems  fitter  than  the  common,  to 
prolong  life  ;  fince  the  one  moufe  lived  fb  much  longer,  tho'  only  a  double 
quantity  of  air  was  included  in  the  receiver. 

(43.)  June  13.  1577.  I  put  four  flies  into  a  receiver,  and  aftewards  in- fKf*  in «i*«w 
traded  air,  till  the  mercury  rofe  fixty  inches  above  its  wonted  height ;  and  *Jif  ^r^^ 
at  the  fame  time,  included  three  other  flies,  in  another  receiver,  with 
common  air  not  comprefled. 

June  14.  In  the  mornmg,  all  the  flies  were  welL  In  the  afternoon,  I 
found  two  of  them  dead  in  the  comprefled  air ;  but  in  the  common,  they 
were  all  alive.  About  five  a-clock,  one  of  the  flies,  in  the  comprefled  air, 
was  alive,  and  three  in  the  common  air. 

June  15.  This  morning  I  found  all  the  flies  in  the  common  air  dead  ; 
but  that  fingle  one  which  remained  alive  in  the  comprefled  air,  feem'd  fUU 
to  be  very  well ;  and,  being  taken  out  of  the  receiver,  flew  briskly 
away. 

Hence  it  feems,  that  flies  are  not  very  fenfible  of  the  air's  compreflure; 
and  that  they  die  more  for  hunger,  than  want  of  air:  for  the  fly 
which  remain  d  fo  long  well,  fed  upon  the  carcafles  of  thofe  which  were 
dead ;  fo  that  fhe  feem  d  not  to  be  diftemperM. 

(44O  y^^  15*  I  repeated  the  preceding  experiment,  only  including 
four  flies  in  each  receiver,   and  comprefltng  the  air  fomewhat  more. 

June  id.  This  morning  I  found  two  of  the  flies,  in  the  common  air, 
dead  ;  and  but  one  in  the  comprefled  air. 

About  two  in  the  afternoon,  the  four  flies,  in  the  common  air,  feem- 
ed to  be  dead ;  but,  in  (he  comprefled  air,  the  three  were  alive. 

Hence,  the  compreflure  of  the  air  feems  of  fmall  confequence  to  flies  ; 
and,  indeed,  they  are  not  prejudiced  by  the  rarifaAion  of  it,  without 
great  difficulty,  and  unlefs  there  be  almc^  a  compleat  vacuum. 

(45.)  June  18.  I  included  two  fr<^  in  two  receivers,  and  ftopped  them  ^'^'  ifcommm 
by  the  help  of  fcrews  j  the  one  only  containM  common  iir,  the  other,  avr^^,^^^^* 
comprefled,  till  it  fuftain'd  feventy  inches  of  mercury. 

June  ip.  Both  the  frogs  were  alive ;  and  the  height  of  the  mercury,  in 
both  receivers,  remained  the  fame. 

jfune  20.  Neither  of  the  frogs  were  dead  ;  und  they  feemed  rather  to 

4inn- 


592-  Phy/ko-wechmical  Exferimmts^ 


^^    duniuifii,  than  iacrcafe  the  air :  but  che  di&reace  was  fo  fmall,  that  I  daie' 
^^f^^  not  be  pofitive  therein. 

^uui:  II.  In  the  moming,  both  the  frop  were  alive ;  but,  towards eveiv- 
iiig,  that  in  the  common  air  was  found  dead. 

Jkhc  3  3.  At  evening  the  frog,  in  the  comprefled  air,  was  alive. 
June  2j.  In  the  inoming;  I  found  it  dead. 
Mgt.httm.      (4(S)  !?«"^   1^-  '^77-  I  (hut  the  two  halves  of  the  fame  orange,    in 
" '■^""-    two  receivers,  and  flopped  them  by  the  help  of  rcrew's  ;  the  one  with  com- 
mon air,  the  other,  with  air  comprefled  to  fuflain  ninety  inches  ofmcr- 
[  cury. 

^ttne  11.  This  morning  I  found  the  orange,  in  the  common  air,  moul- 
dy ;  but  the  other  was  found- 

At  three  in  the  afternoon,  the  orange,  in  the  comprefTed  air,  fcemcd, 
alfo,  to  have  contrafted  fome  mucor. 

June  3  J.  Theownge,  in  the  common  air,  was  for  more  mucid  than 
the  otlier. 

*june  34.  The  orange,  in  the  common  air,  did  not  increafe  its  monldi- 
nels ;  but  the  other  was  cover'd  all  over  with  it. 

^une  18.  The  mouldinefs,  produced  in  the  common  air,  was  now 
wholly  vanifhed  :  in  the  other  receiver,  I  perceiv'd  no  funhcr  alterarion  in 
the  fruit. 

"June  30.  Both  remaining  in  the  fame  ftate,  I  took  them  out.    The  part 
which  was  kept  in  common  air,  feemed  half  rotten  ;  but  the  other,  bc- 
fides  its  tinew,  appear'd  wholly  putrefied. 
'  Hence  'tis  confirm 'd,  that  the  quantity  of  the  moiJdinefs  depends  on  the 

quantity  of  the  air. 

It  feems  alfo  worth  obfen'ing,  that  the  mouldinefs  appear'd  a  little 

later  in  the  comprefTed  air,  than  in  the  common,  tho*,  afterwards,  it  in- 

creafed  much  more. 

^"J'i^      (47)  J""^  ^9-  I**??-  I  included  rofes  in  two  receivers,  floppM  by  the 

fngti  *ir.      help  or  li;rews ;  I  left  one  with  common  air  only,  but  filled  the  other  with 

fo  much,  that  the  mercury  afcended  ninety  inches  above  its  ufual  height. 

July  14.  Four  or  five  days  ago,  I  found  the  rofes,  in  the  compre^'d 

air,  wither'd,  and  degenerated  to  a  yellow  colour.    There  was  not  the 

leafl  alteration  in  the  other  receiver. 

July  17.  When  I  perceived,  that  this  emeriment  proceeded  after  the 

fame  manner  as  that  above-mention'd,  I  tocJt  out  the  rofes.  Thofe  kept  in 

rfie  comprefTed  air,  were  very  much  corrupted,  and  of  a  very  imgratefui 

fmcll;  but  the  others  were  little  alter'd,  and  their  fcenrnot  unpleafant. 

Hence  we  have  a  further  confimation,  that  the  quantity  of  corruption 

depends  on  the  quantity  ci£  tfie  air. 

L^«w  «        (48.)  July  4.  I  cut  a  lemmon  afunder,  and  put  the  halves  into  two  re- 

e«^ri  «ir.  ceivers,  to  be  ffopp'd  by  fcrews  i  the  one  I  left  with  common  air  onlj', 

but  the  other  was  fill'd  with  fo  much  compreffwl  air,  that  it  fiiibun  d 

ninety  inches  oi  mgrcufy  above  its  uCwtl  fUndard^ 
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July  7.  This  day,  both  parts  of  the  lemmon  feem'd  to  grow  mouldy  at^»«j;;^;**«* 
the  fame  time.  \yr^\J 

July  17.  That  in  the  comprefled  air  had  contrafted  much  more  hoar 
than  the  other;  and,  perceiving  no  farther  alteration,  I  took  them  out, 
and  found  the  lemmon,  in  the  comprefled  air,  far  more  putrid  than  the 
other. 

Hereby  it  is  conflrm'd,  that  the  quantity  of  corruption  depends  on  the 
quantity  of  the  air. 

It  feems  alfo,  that  a  triple  compreffion  of  the  air,  in  refpeft  of  a  lem- 
mon, is  too  weak,  fenfibly  to  retard  the  production  of  finew. 

(4P.)  July  18.  1677.  I  included  two  parcels  of  July-flowers,  equal  in7«W<«»^'«» 
number,  in  two  equal  receivers,  and  ftopjp'd  them  clofe  with  fcrews ;  I^j^/ei^iv. 
filled  the  one  with  comprefled  air,  till  it  fuftain'd  an  hundred  inches  of  mer- 
cury, extraordinary ;  but  the  other  was  left  with  common  air  alone. 

July  a 3.  In  the  comprefled  air,  the  July-flowers  lhew*d  fome  hairinefs ; 
the  others  appeared  only  moift ;  but  the  mercury  exceeded  its  wonted 
height  ocXy  £eventy  inches ;  for  fome  of  the  air  had  got  out 

Jnlyi^.  In  the  comprefled  air,  the  Jiriy-flowers  proceeded  to  corrupt 
much  fafter  than  the  others.    They  had  wholly  loft  their  colour. 

July  26.  In  the  comprefled  air,  the  July-flowers  were  wholly  putre- 
fied, and  cover 'd  with  a  hoary  finew ;  the  others  were  moift'  only  in  fome 
places. 

jiugujl  I.  Perceiving  no  farther  alteration,  I  took  the  flowers  out  of  their 
receivers ;  thofe  which  were  kept  in  compreffed  air,  were  rotten,  and  fe- 
tid ;  the  other  kept  their  colour,  and  their  fmell  was  not  oflfenfive ;  but 
they  were  moift. 

And  this  is  a  farther  confirmation,  that  the  quantity  of  the  air  increales 
corruption. 

We  may,  alfo,  obferve,  that  the  mouldinefs  is  not  produced,  but  in 
comprefled  air ;  nor  is  it  probable,  that  this  happened  by  chance ;  fince, 
in  each  receiver,  there  were  three  or  four  July-flowers  included. 

(50.)  July  21.  1577.  I  induded  a  flirew-moufe  in  a  receiver,  with  i  >WHwif/« 
common  air,  and  (hut  him  in  firmly  with  a  fcrew,  to  try  whether  he  would  JJjf'J^lJ'*  ^ 
produce,  or  confume  air. 

After  two  hours,  the  moufe  died,  and  fome  air  was  confumed ;  but  a 
lefs  quantity  than  in  the  former  experiment  of  this  kind. 

?uly  24.  Hitherto  I  found  no  change  in  the  height  of  the  mercury, 
owards  evening,  it  feem'd  a  little  higher. 

July  2  J .  This  morning  much  air  was  produced  de  hgvo. 

July  2€.  The  quantity  of  the  produced  air  increafed. 

Hence  wc  have  a  confirmation,  that  living  animals  confume  air  i  but 
dead  ones  produce  new. 

(51.)  Auguft  3 1.  I  put  pears  into  a  receiver;  whereto,  after  it  was  well T$msUt9mk 
ftc^^ed  I  added  as  much  air,  as  fufEced  to  fuftain  thirty  inches  of  mer- WW  •fr^ 
cury,  extraordinary. 

Seftember  u  The  mercury  was  deprefled. 

Vol.il  Gggg  Seft. 
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rsvMA^ici.    Seft.2.  The  height  of  the  mercury  decreafed,-  it  exceeded  not  tw«ty- 
^^y^<^  five  inches. 

Sept.  I.  The  mercury  rofe  one  inch  higher?  and  ftaid  at  atf. 
Seft.  4«  The  height  thereof  was  28. 

Sept.%.  The  receiver  leaking,  I  put  in  new  air;  and,  this  day,  <^)enin^ 
the  receiver,  to  compare  the  tafte  of  this  fruit  with  that   of  the  other  j 
I  found,  that  five  of  the  pears  had  loft  their  firmncfs,  but  two  retained  it 
mswtmmm     Auguft  3 1.  I  included  pears,  of  the  fame  kind,  in  another  receiver,  with 
'•  common  air  only,  not  comprefsVi. 

September  1.  The  mercury  was  a  little  deprefs'd,  as  if  it   had  been  ia 
comprefs'd  air ;  the  caufe  whereof  might  be  only  the  cold. 
Sept.  2.  The  mercury  varied  not. 
iSe^  3.  The  height  of  the  n^rcury  was  one  inch,  above  the  ufual  ftan- 

dard. 

Sept.^1     The  height    ^4        Sept.er     The  height      f  tf -J 
5.  J       of  it  was       c  (5  +  7  J       of  it  was       C  i^ 

Sept.  8.  The  height  of  the  mercury  was  twenty.    The  pears,  being  to- 
ken out  of  the  receiver,  had  preferv'd  their  tafte  much  better  than  cbofr 
included  in  vacuo.    They,  alfo,  retained  their  firnuiefs. 
Miy  U  tacM.,    Auguft  3 1.  I  included  pears  of  the  fame  fert  in  vacuo ;  bat  fbme  ezteniaL 
air  brake  in,  and  the  height  of  the  mercury  was  one  indu 

Sept.  i\  r  4 

2  f    The  height    ^  8 
3^       of  it  was      ji% 

The  pears,  being  taken  out,  had  kept  their  firmnefs,  but  loflT  much  <^ 
rfieiy  tafte. 

Hence  it  feems  to  follow,  that,  in  a  greater  compreffure^.  a  lc£r  quan-*^ 
tity  of  air  i»  produced. 
fmsU  hhd        (j  ^•)  December  7.  I  ihut  up  a  fmall  bird  in  a  receiver,  capable  of  hold- 
i»Mij»r»fi^«ir.ing  twenty  ounces  of  water.    The  bird  began  to  be  ill^  bdbre  I  had  fee 
the  fcrew  ;  but,  after  I  had  intruded  £>  much  air,  as  to  fuftain  thirtj^ 
inches  of  mercury,  above  its  wonted  height,  fhe  icem'd  to  recover ;  but^ 
foon  after,  began  again  to  be  fick :  and,  therefore,  I  intruded  air  the  fc- 
cond  time,  till  the  mercury  refted  forty-five  inches  above  its  ufual  height ; 
whereby  the  bird  was.  again  reftored :  but,  in  a  little  time,  flie  began  to- 
gafp  again ;  then,  opening  the  receiver,  after  fhe  had.ftaid.in  it  tvsrcnty-eight: 
minutes,  fhe  flew  out,  and  was  very  well.. 
Phwhhm!9      (53.)  January  20.  1678.  I  put  a  fhrew-moufe  into  the  receiver  of  thr 
**•*'<'*' *^''' wind-gun,  above-defcribed ;  and,  immediately,  fo  far  condensed,  the  air,, 
till  it  was  reduced  to  about  the  twentieth  part  of  its.  £pace :  then  L  pre- 
fently  difcharged  that  air,  and  the  elliptic  hole  being  opeaM,  I  fufpeaed. 
that. the  moufe  had  been  only  a  little  convulfed.;  but,,  when  he  was  takea- 
out,,  there  were  no  figns  of  life  in   him..    Whether  the  caufe  of  bis 
death,  were  to  be  afcribed  to  the  narrownefs.  of  the  receiver^  or  to  the 
cprnprein^e.  oitbe  air,  is  a  queftion.. 


The  height 
of  it  was 
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J  put  another  moufe  into  the  fame  receiver;  and  the  air,  being  reduced ^^*J^*J;^ 
to  a  third  or  fourth  part  of  its  natural  fpace,  I  open'd  the  receiver,  but  ^-^^^^^ 
not  fo  carefully  as  in  the  former  experiment ;  yet  the  moufe,  taken  out 
therefrom,  was  found  to  be  very  welL 

I,  afterwards,  repeated  the  experiment ;  the  air  being  about  feven  or 
weight  times  condensed ;  and  the  moufe  foesi'd  to  fufter  no  inconvenience 
thereby. 

I  made  the  fame  experiment  again,  in  air  comprefled  feven  times,  ar.d 
left  the  moufe  included  for  twenty-four  minutes ;  which  time  being  elapled, 
I  difcharged  the  air,  and,  opemng  the  hole,  perceiv'd  the  moufe  to  fetch 
many  deep  groans,  as  it  v  ere  :  I  took  him  out,  but  he  could  not  recover. 

Hence  it  is  manifeft,  that  a  great  compreffion  of  air  is  pernicious  and 
deftruftive  to  animals. 

(54.)  January  1^.  167S.  I  put  a  fhrew-moufe  into  a  glaft,  to  virhofcAjhrevhmwfe 
tieck  wc  tied  a  bladder,  that  ftoppM  the  orifice.  Thefc  were  put  into  a  xt^^^'^'^*'^*^*^^ 
reiver  for  comprefling  of  the  air.  Soon  after,  when  the  mouie  began  to  be 
ifick,  I  compreiTed  the  air,  and  the  bladder  was  ftraitned ;  fo  that  the 
xnoiife  was  in  condenfed  air,  whilft  no  new  air  could  pafs  to  him: 
then  he  feem'd  to  be  much  better,  and  his  heart  beat  lefs  frequent ;  when^ 
opening  the  receiver,  he  was,  in  a  ihort  time,  as  well  as  ever. 

I  repeated  the  experiment,  and  left  the  moufe  fo  long,  that  he  could 
hardly  breathe,  whilft  I  began  to  comprefs  the  air ;  and  the  compreiTure 
feemxi  again  to  abate  his  refpiration :  the  receiver  being  open'd,  and  the 
moufe  expofed  to  the  air,  he  could  not  breathe  much  more  freely ;  but,  if 
I  blew  the  air  on  him  with  bellows,  he  feemM  to  be  fomething  relieved. 
Being,  again,  committed  to  the  comprefi^d  air,  he  breathed  lefs  frequentlji^ 
and,  atlaft,  died. 

March  2$.  Becaufe,  in  the  preceding  experiment,  it  was  not  clear,  whe-- 
ther  the  air  enterM  thro*  the  ligature  ojt  the  bladder,  I  ufed  the  inlhn- 
tment  deferibed,  Fig.  79.  And  when  I  perceived  the  moufe  was  fick,  and 
i>reathed  feldom,  I  intruded  water  into  the  receiver,  fo  that  the  air  was 
reduced  to  half  of  its  fpace ;  and,  then,  the  moufe  breath'd  more  rarely. 
iBut  if,  extracting  the  wate^  I  left  the  whole  fpace  entire  for  the  air,  his 
refpiration  feem  d  more  vivid ;  and  the  air  being  thus,  many  times,  cbn- 
traced  and  dilated,  the  fick  moufe  feemM  to  refpire  more  freely  in  the 
conunon  air  than  in  the  comprefled.  Whence,  I  coi^jedhir'd,  that  air  -is 
to  animals,  Jike  food ;  the  quantity  whereof  ought  to  bear  fome  propor- 
tion to  their  ftrength.  And,  that  I  might  more  certainly  know  this,  I 
put  the  fame  moufe  into  my  pneumatic  engine,  and  rarify'd  the  air,  £0 
that  it  poflefsM  more  than  double  the  u&ial  fpace.  Whilft  the  air  was 
xarifying,  the  moufe  prefently  began  to  be  better ;  yet,  a  Htde  while 
after,  he  fcem^d  fick :  and.  when  the  air  was  reftofd,  it  in  no  wife  affefted^fi^«jW[i  rfar* 
him.  I,  thus^  repeated  the  rarifa£tion  three  times,  with  theikme  £uc^*^S!Lbl7!S, 
»cefe  ;   but,  at  laft,  the  moufe  ^hed.  tSiJSSlSA^ 

(55.)  Maj^.ie^j.  I  put  a  bee,  with  diftilfd  Tmegar,  and  pulverizM i^iiM^jiM^ 
•<«ral,  into  a  receiver ;  and  the  «ir,  being  whoUyexbaufted^  I  oixlerM  ^^^^^^J^ 

^         a  matter 
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i'^^i^''"- matter  fo,  that  the  coral  fell  into  the  glafs  of  vinegar  !  but  the  air,  pm- 
^^>*^  duccd  from  thence,  did  not  reftore  any  power  of  motion  to  tlie  bee  ;  bat, 
when  flie  was  expofed  to  the  open  air,  Ihe  foon  began  to  move  herfelf. 

Hence  a  fufpicion  arifcs,  that  artificial  air  is  unfit  to  prefen-e  the  life 
of  animals. 
u,in»rtifi-        ($6.)  Jugujl  11.  i6j6.  I  put  two  flics  into  a  receiver,  and,  exhaufting 
"(i^r  the  common  air,  fubftituted,  in  its  ftead,  air  produced  from  goosberries, 

till  it  fuftain'd  twenty-fix  inches  of  mercury. 

Afterwards,  1  put  two  other  6ies,  alio,  /'«  vacuo  ;  but  with  this  difle- 
rcnce,  that  I  let  fo  much  common  air  into  them,  as  could  fuftain  twenty- 
three  inches  of  mercury- 

Within  a  quarter  of  an  hour,  the  latter  flies,  upon  the  rcftitution  of 
the  air,  recotcr'd  that  power  of  motion,  which  they  had  loft  in  vacao.  And 
flew  about  in  the  ratified  air ;  but  the  former  lay  without  any  motion, 
tho'  they  had  receiv'd  a  greater  quantity  of  air. 

j4ug.  ij.  The  flies,  in  the  artificial  air,  feem'd  ftill  dead  ;  but  the  others 
were  lufty. 

The  flies,  taken  out  of  the  artificial  air,  and  expofed  to  the  commoa 
air,  remain *d  fo,  all  this  whole  day,  without  recovering  life. 

j^j/g.  j8.  I  repeated  the  experiment,  with  the  fame  luccefsj  tho*  I  had 
reftored  a  greater  quantity  of  artificial  air. 

Hence  we  have  an  liigli  confirmation,  that  artificial  air  is  noxious  t» 
animals. 
^'"'■"ti"^"'        fs7.)  June  i;.  1677.  I  put  pafte  into  three  receivers,  out  of  which,  ^ 
dfifiZlVif^^^^'^'^^^d^,  e.\liaufted  the  air. 

J''.  yuuei^.  When  the  three  receivers  did,  this  day,  regurgitate  with  air 

produced  from  the  pafte,  I  kindled  a  perfumed  cone,  and  put  it  into  one 
of  the  receivers  ;  which,  being  prefently  flopp'd,  the  fire,  within  one  mi- 
nute, went  out ;  then,  by  blowin  -,  I  expeli'd  the  artificial  air  from  the  re- 
ceiver, and  put  fire  into  it,  as  before,  ana  it  burn'd  bright  for  a  coniiderable 
time  ;  tho'  I  had  fliut  the  receiver  as  fpeedily,  and  as  accurately,  as 
before. 

I  made  another  experiment,  after  the  fame  manner,  with  a  fly  ;  and,  in 
the  artificial  air,  fhe  prefently  feem'd  to  be  dead;  but,  afterwards,  being 
expofed  to  the  fun,  £he,  in  a  ihort  time,  ltcw  well  a^ain.  Tlicn,  I  blow'a 
pommon  air  into  the  receiver  ;  but  the  fly,  included  as  before,  fufter'd  no 
inconvenience  thereby. 

I  repeated  the  fame  experiment,  with  the  fame  fly,  in  the  third  re- 
ceiver, fiU'd  with  artificial  air,  with  the  fame  fnccefs  ;  only  this  fly,  when 
taken  from  the  artificial  air,  could  not  be  reftored,  without  longer  time, 
bccaufe  flie  was  left  longer  therein. 

Hence  it  appears,  that  factitious  air  is  prejudicial  to  fire,  as  well  as  to 
the  life  of  animals. 
iKuf-J/r^i      ^58.)  June  2j.  1577,   I  put  pafte  into  four  receivers;  and  totally  ex- 
it •rti(fc«l«ir.haufting  the  air  from  two  of  them,  I  pump 'd  out  only  half  the  aix  from  the 
other  two. 

yum 
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^une  26.  I  found  the  two  receivers,  which  I  had  left  half  full  of  com- ^'^Jj^e*- 
mon  air,  to  be  quite  fill'd  with  air  newly  produced  ;  but  know  not,  whe-  ^ 
ther  they  had,  for  fome  time,  re^wgitatea  or  no,  fo  that  the  quantity  of 
common  air  was  much  diminifh'd.  However,  I  put  two  flies,  at  once, 
into  one  of  the  receivers,  after  the  manner  brfore  defcribed  ;  and,  foon 
after  they  touchM  the  bottom  of  tht  receiver,  they  remained  without  mo- 
tion. I  put  a  third  fly  into  the  receiver,  after  the  fame  manner,  and 
found  flie  liv*d  a  little  loncer  there,  than  the  former.  A  fourth  fly,  being 
put  in,  maintained  her  lite  longeft  of  all ;  yet,  at  laft,  fuffering  fome  con- 
vulfion,  (he  lay  movelefs  on  her  back.  All  the  flies,  after  fome  ftay 
in  the  artificial  air,  being  taken  out,  and  exposed  to  the  common  air, 
grew  well  in  a  (hort  time. 

I  made  the  fame  experiments  in  another  receiver>  half  fiill  of  artificial 
air,  and,  in  a  manner,  with  the  fame  fuccefs;  but  the  flies  in  that  re- 
ceiver, into  which  only  common  air  was  admitted,  foon  recovered  their 
ftrength  and  motion. 

June  27.  I  found  one  of  the  receivers,  which  was  wholly  evacuated  of 
common  air,  to  be  full  of  artificial  air;  but,  it  being  caftially  thrown 
^  down  upon  the  ground,  entrance  was,  thereby,  given  to  the  external 
'  air ;  yet  I  put  a  frog  into  it,  which  feem'd  not  to  be  very  fick  therein. 

June  30.  The  fourth  receiver,  by  the  power  of  the  produced  air, 
feem'd,  at  length,  forc*d  awav  from  its  cover.  I  put  a  frog  into  it,  and 
flie  fell  into  high  convulfions,  for  five  minutes  fpace ;  and  then  lay  without 
motion.  In  four  minutes  after,  I  open'd  the  receiver,  and,  taking  out 
the  frog,  Ihe  remained,  for  forty-fix  minutes,  without  motion ;  but,  af- 
terwards, in  four  or  five  minutes  more,  flie  grew  very  well. 

Hence  it  is  evident,  that  artificial  air  is  very  hunftil  to  the  life  of  ani- 
mals ;  but  that,  if  mixed  with  common  air,  it  doth  not  fo  readily  produce 
its  effefts. 

(59)  "Jun^^^'  i^Tj.  I  putpafte  into  four  receivers,  three  of  which  I 
caus'd  to  be  wholly  exhauftecl  of  common  air ;  but  the  fourth  was  left 
half  full  of  air. 

June  29.  One  of  the  receivers,  that  were  wholly  exhaufted,  was  found 
full  of  air,  newly  produced  j  and  a  frog,  being  put  into  it  for  four  or  five 
'  minutes,  had  ftrong  convulfions :  then,  for  one  minute,  flie  lay  without  mo- 
tion ;  whereupon,  I  took  her  out,  and,  in  five  minutes,  flie  began  to  move, 
and,  a  while  after,  became  well  again. 

I  took  another  receiver,  fiU'd  with  artificial  air,  and,  putting  a  frog  into 
it,  in  feven  minutes  flie  ceased  to  be  convulfive.  And,  afterward,  when 
Ihe  had  lain  one  minute  there,  without  motion,  I  openM  the  receiver,  and, 
taking  her  out,  found  that  flie  began  to  ftniggle,  and  move ;  tho*  I  judg^ 
thofe  motions  to  be  the  remains  of  her  convulfions :  for,  after  that,  fffc 
contlnuM  movelefs  for  half  an  hour,  and  more;  yet,  at  lafl:,  flie  grew 
well  again. 

»    The  receiver,  from  which  I  exhaufled  only  hnlf  its  air,  had  fo  long 
r^gmgitated  wiJi  produced  aixj  thatj  very  probably^  much  common  '^ir 

ha4 
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^JJ^jr^had  got  outt<«ether  with  it.  A  frog,  being  put  into  it,  fcemM  to  be 
<^^r^^  vehemently  mov  d,  and  convulfed,  for  ten  minutes,  as  the  i^  did,  and, 
then,  Ihe  fecm'd  quite  dead ;  but,  after  a  full  minute,  1  open'd  the  re- 
ceiver, when,  the  fro?,  being  cxpos'd  to  the  open  air,  within  a  quarter  of 
an  hour,  began  to  move. 

I  put  a  £rc^  into  a  receiver,  full  of  common  air,  to  try  whether,  the 
pafte  being  now  taken  out,  fhe  would  live  any  longer  there. 

July  I.  In  the  afternoon,  I  found  her  dead,  tho*  (he  breath'd  in  the 
morning;  fo  that  Ihe  liv'd  about forrj'-eight  hours. 

June  30.  I  put  a  ft-og  into  the  fourth  recei\'er,  which  was  wholly  fiJi'd 
with  artificial  air ;  for  feven  minutes  and  an  half,  ffie  was  ^-ehementjy 
convulfivc,  and,  at  laft,  died ;  then,  after  two  minutes,  fhe  was  taJtea 
out,  but  rccover'd  no  oiotion  at  all. 

jufy  I.  Perceiving  the  firog  to  remain  in  the  iame  poftare,  I  threw  her 
away. 

Hence  we  have  a  confirmation,  that  artificial  air  is  the  more  hurtful  to 
animals,  the  freer  it  is  from  common  air. 
tjhm.mnh     (tfo-)  J'*"^  30. 1  included  pafte  in  two  receivers,  and  then  exhaufted  the 
Jwtj^iW*'..  air. 

'fi^u.    "^     U"^y  4-  J  P"^  a  ftirew-moufe  into  one  of  the  receivers,  filled  with  artifi- 
cial air,  where  he  fuflered  \'ehement  convullions,  and  in  one  minute,  died. 
I  prelently  rook  him  out,   and  expofed  him  to  the  common  air ;  but  do 
I  -power  of  motion  could  be  thereby  recover'd. 

L  Then  I  took  the  other  receiver,  and,  putting  a.  fnall  into  it,  with  fbme 

K^^^  -    wonder  obferved,  that  he  continued  to  move  very  ftrongly,  for  a  whole 
^^^^      quarter  of  an  hour ;  but,  afterwards,  his  motion  was  flower,  till  in  about 
another  quarter  of  an  hour,  he  lay  ftill,  as  if  he  were  dead  ;  but  then,  be- 
ing taken  out  of    tl:e  receiver,  and    expofed  to  the  air,  he  fooa  grew 
well. 

I  put  flies  into  the  lame  receiver;  but  now  it  had  admitted  too  great 
*  quantity  of  external  air,  for  the  flies  received  no  hurt. 

Hence  we  gather,  that  artificial  air  kills  animals  by  fome  venomous  qUA- 
Jity,  and  not  only  by  the  defeft  of  common  air  j  for  the  Ciails  Uv*d  looger 
in  vacuo. 
iiiSafi^  (i5i)3^«/)'^.  1 677.1  took  a  receiver  filled  with  air  produced  from  cherries 
'JKi^  and  tranCnitted  it  out  of  that,  into  another  receiver,  full  of  common  air, 
in  which  a  frog  was  kept :  matters  were  fo  order'd,  that  the  water  gave 
place  only  to  the  artificial  air  entring  in  ;  and  the  water  itfelf  flowed  ouL 
JUld  thus  the  frc^  being  included  in  pure  anificial  air,  for  a  quarter  of  an 
Jwur,  and  more,  fuffcr'd  convullions,  and,  at  laft.  Jay  ftill  without  mo- 
tion J  yet,  being  afterwards  taken  out,  and  expofed  to  the  open  air,  ihe 
•grew  quickly  wclL 

Hence  it  feems  probable,  that  air  produced  from  cherries,  is  lefs  hun- 
■ful  to  fr(^s,  than  that  produced  from  pafte. 
g^g^  fe    (^^•)  J"'/  9-  nJ??'  ^  P"t  £0<tfbenies  into  thae  exhaufted  reco-    ' 
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July  10.  I  found  one  of  them  fevered  fitom  its  cover,  by  the  force  of^*^g^^^» 
the  produced  air :  I  caft  a  fly  into  it,  which  died  inftandy  ;  a  fecond  fly  ^'^▼^'' 
being,  likewife,  caft  into  the  receiver,  prefentiy  died  y  a  third  put  into  the 
fame,  fecmed,  for  a  little  while,  to  be  convulfive  5  but  lefs  than  a  fourth 
fly,  that  I  included  therein ;  which  yet,  in  one  quarter  of  a  minute,  fay 
movelefs.  Afterwards^  I  difpelled  the  artificial  air  out  of  the  receiver, 
by  blowing,  and,  in  a  little  time,  the  flies,  grew  welL 

July  24.  I  took  another  receiver,  filled  with  air  produced  from  goo& 
berries ;  and  putting  a  (hrew-moufe  into  it,  feund  tliat  he  died  there  ia 
half  a  minute. 

Probably,  therefore,  the  air  produced  from  firuit,  is  lefs  hurtful  to  ani- 
mals, than  that  produced  from  minerals :  for,  on  the  20th  day  of  Jt^^  I  fi)und 
that  a  moufe  liv'dnot  above  a  quaner  of  a  minute  in  air  produced  from, 
gun-powder. 

(^3-)  J^h  5-  1^77-  I  included  pafte  in  fourexhaufted  receivers.      Jfirtvnmijif 

July  tf.  One  of  them,  being  filled  with  faftitious  air,  was  forced  from  its;j^^**jf^'5^ 
€6\'er,  which  I  agam  ftopped;  yet  not  fo  foon,but  fome  common  air  might  fMi«trff|^ 
mix  with  the  artificial :    i  put  a  fhrew-moufe  into  it,  winch  was  pre- 
fentiy highly  convulfed,  and,  after  one  minute  and  an  half,  remained  move- 
lefs ;  a'nd,  being  prefentiy  taken  out,  he  feemed-  to  have  fome  convulfive 
motions,  and  died. 

July  7.  I  took  a  fecond  receiver,  filled  with  artificial  air;  and  having 
included  a  little  bird  therein,  fiiddenly  flopped  it :  fhe  prefentiy  fell  inta 
convuUions,.  and^^  within  about  a  quarter  of  a  minute,  died  :  I  took  her 
out,  but  'twas  too  late,  fi)r  fhe  never  fKrred  after. 

I  blew  out  the  artificial  air  from  the  receiver,  and  then,  another  bird 
of  the  fame  kind,  being  put  in,  was  very  well,  though  fhe  ftaid  there  four 
minutes. 

July  p.  I  took  a  third  receiver  full  of  artificial  air,  aind  put  that  bird 
into  it,  which,  in  the  laft  experiment,  had  continued  well,  and  yet  feemed 
to  be  lively  and  found ;  before  ihe  had  been  there  a  full  quarter  of  a 
minute,  ihe  lay  without  motion,  and  being  prefentiy  taken  out,  there  ap- 
peared no  fign  of  life  in  her. 

In  the  afternoon  I  put  an  adder  into  my  fourth  receiver,  and,  within  two 
minutes,  he  began  to  be  fick,  to  gape  and  pant ;  yet  he  vras  not  wholly 
deprived  of  motion,  till  after  twenty-four  minutes.  Then>  in  fix  minutes 
more,  I  took  him  out  of  the  receiver,  motionlefs  as  he  was,  and  expofed 
him  to   the  free  air,  but  he  did  not  recover. 

July  10.  The  adder  remained  in  the  fame  fkate,  and  gave  no  figns  of 
recovery. 

(64.)  July  12.  1^78.  I  put  a  bird  into  a  receiver  full  of  air  produ-j(J^[;^J^;^ 
ced  from  raifins  of  the  fun ;  fhe  died  in  a  quarter  of  a  minute  ^  and  tho'  sHjifeui  mt  if 
I  took  her  out  prefentiy,  yet  fhe  never  fHrred  more.  '**^ 

July  1 8k  I,  likewife,  put  a  ihrew-moufe  into  a  receiver  full  of  air,  pro- 
duced from  raifins^  of  the  fun  ;  but  a  thread,  left  on  the  edge  of  the  re^ 
ceiver,  tunder'd  me  from  flopping  it  dofe  ;  yet  the  mouie  px^mtly  be» 
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iw*«*'gan  to  be  very  iil,  and,  after  two  minutes,  he  lay,   as  it  we:*,   \ri:honc 
f^f^»^  any  motion ;   ycc,  being  taken  out,  he  was  well  agaia  la  two  or  tlircc 

minutes  time. 

m^iii  if       C^S  J  Oiiohr  I.  1^78.  About  ten  in  the  morning,  I  included  a  Oirew- 

aiftm-  moufe  with  common  air,  in  a  receiver,  fortified  againft  the  external  air; 

*""        about  eleven,  the  moulc  could  hardly  breathe:   I  threw  another   ftrong 

lufty  moufe  into  the  fame  receiver,  and  prcfently  put  on  the  cover  ;  b^it 

the  firft  moufe,  liaving  confumcd    fome   of  tiie  air,  the  external  air  was 

I  forcibly  impelled  into  the  receiver,  and  fo  difpelled  a  great  part  of  the 

air  ftagnant  there  :   upon  which,  the  tirfl  moulc  feemed  to  be  much  bec- 

ter;  neither  did  he  die  much  fooner  than  the  other,  but  both  of  tliem 

^  died  about  noon.     About  four  in  the  afternoon,   I  put  another  ftrong 

moufe  into  the  fame  receiver;  und,    left  the  external  air  might  again 

expel  tlie  included  air,  I  put  iiim  in  very  leifurely  :  this  third  moufe  lived 

}  not  three  minutes  entire. 

*  Whence  we  may  conjeiiure,  tliat  the  portion  of  air  which  hath  once 

ferved  for  the  refpiratiou  of  animals,  as  much  as  it  could,  is  no  longer 
ufeful  for  the  refpiratiou  of  another  animal,  at  leaft,  of  the  fame  kind. 
timfsBi-  {66.)  April  i^.  Intlie  morning,  I  put  fo  great  a  quantity  of  pafte  into 
■*i"rfH'».an  exhaufted  receiver,  that,  in  the  afternoon,  I  found  the  receiver  full  of 
fadiiious  air ;  whereupon  I  put  a  fnail  into  it,  which  prefently  frothed 
very  much,  and  often  expanded  and  contrafted  itfelf,  but,  in  four  mi- 
nutes, he  ceas'd  to  move  :  yet  I  tool:  him  not  out,  till  he  had  ftaid  in  the 
receiver  for  a  quarter  ot  an  hour ;  and  tlien,  being  released,  he  fecm'd 
as  if  quite  dead  :  for,  tho*  he  were  prick 'd  with  a  pin,  yet  he  difirover'd  no 
fign  of  life ;  tho',  after  another  quarter  of  an  hour,  being  prick'd,  in  the 
fame  manner,  he  mov'd  a  little. 

I  blew  out  the   faftitious  air.  and  out  in  another  fnail  ;    he  remain'd 
very  well  in  the  receiver,  and  did  not  noth  at  all. 

Hence  we  have  a  confirmation,  that  fafiitious  air  is  a  greater  eivemy  co 
animals,  than  a  Vacuum. 
«^*.'»*        (67.)  jf«He  22.  1678.  In  the  morning,  I  put  green  peafe  into  aa  ex- 
<^mi  Mf  *|JJ^^jJg(^  receiver  i  and,  towards  evening,  the  max:ury  had  almoft  attain'd 
the  height  often  inches, 
jfwjf  23.  The  height  of  the  mercury  was  almoft  thirty  inches. 
June  24.  Tie  mercury  did  not  yet  exceed  thirty  inches  in  height.     The 
cover  no  longer  ftuck  to  the  receiver;  yet  nothing,  hitheno,  had  elcaped. 
June  26.  I  included  the  fame  peafe  in  the  fame  evacuated  receiver. 
Jufy  2(f.  When  I  now  foimd  that  the  receiver  was  fiU'd  with  factitious 
air,  I  ihruft  a  fnail  into  it,  which  frotb'd  much,  and  very  often  fiiot  out 
and  contracted  his  horns ;  but,  in  ftx  minutes  time,  he  lay  ftill,  as  if  be 
had  been  dead,  and  continued  thus  for  two  or  three  minutes  j  then  the 
receiver  being  open'd,  and  the  fnail  taken  out,  mov'd  himfelf  a  Jictle,  if 
he  were  pricked.     Whence  it  feems   to  follow,  chat  air  produced  from 
peafe  is  lefs  prejudicial  to  fnails,  than  air  from  pafte.     1  blev  DCW  air 
ioiio  che  leceiver,  and  a  ihiiil  then  put  into  ic,  did  very  well.  '' 

la 
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In  this  experiment  it  feemsohfervable,  that  peafe  quickly  produce  air^"J^^^*^ 
in  vacuo  ;  but,  that  in  the  ufual  compreflure  of  air,  they  generate  little.    ^^^^^^^ 

(68.)  Juiii  22.  1676.  I  put  a  butter-fly  into  ;in  exhaulted  receiver,  and  Ammais  in  ti- 
it  was  ainaoft  three  hours  before  he  was  wholly  dei)rived  of  motion ;  l^^ue^fyf''^  * 
at  length,  perceiving  him  to  lie  unmoved,  I  let  the  air  into  the  recei- 
ver^  and,  prefently,  the  butter-fly  moved.  Then  I  bound  him,  by  one 
of  ihis  h(»ms,  with  a  thread,  and  fufpended  him  in  the  receiver  ^  when,  he 
was  carried  very  freely  from  one  part  of  it  to  the  other,  by  the  motion 
of  his  wings  ;  but,  after  the  air  was  extracted,  the  clapping  of  his  wings 
was  in  vain,  for  ht  could  not,  in  the  leaft,  move  the  threadfrom  its  per- 
pendicular pofture. 

(^9-)  J^h  ^^*  1^76.  Yefterday  I  put  two  flies  into  a  receiver,  in  which  T^*^  **fij"''- 
I  left  t  of  air,  (i.e)  as  much  as  would  fuftain  ten  inches  of  mercury  ;i!^iJl7e^ 
the  biggeft  of  the  flies  feemed  to  die  prefently ;  but  the  other,  which  was 
a  imall-bodied  one,  lived  almoft  twenty-four  hours. 

When  both  the  flies  lay,  as  if  they  were  dead,  I  fuflfer'd  fome  air  to 
enter  in  ,-  the  mercury  was  fifteen  inches  high»  when  the  lefTer  fly  began 
to  move  her  feet,  but  the  other  continued  fiiU  without  motion. 

Hence  it  appears,  that  air,  highly  rarified,  may  ferve  for  infefts  to 
breathe  in  ;  and  that  it  doth  not  kill  tbemfo  foo&as  artificial  air. 

(70.)  May  I.  L  put  two  fnails  into  an  exhaufted  receiver,  and,  for  a ^^'' "* ^""•' 
whole  hour,  rhey  feemed  to  be  well  enoujgh,  and  crept  up  to  the  top  of 
the  vefl'el  ,•  but,  in  two  hours  time,  they  fell  down  from  thence,  and  lay 
without  motion. 

After  they  bad  remained  in  vacuo  for  fix  hours,  I  took  them  out,  and, 
within  half  an  hour,  they  began  to  move  a  little.  During  the  time  they 
were  included,  they  produced  near  as  much  air  as  fuflain'd  the  mercury 
at  the  height  of  a  ouarter  of  an  inch. 

Thefe  Inails  liv  a  longer  in  vacuo^  than  did  others  included  in  artificial 
air. 

C71.)  Auguft  II.  1676.  I  put  the  eajs  of  flies  into  an  exhaufl:ed  re- ^'^^ «e« 
ceiver,  to  try  if  they  would  there  produce  worms.  "  '**"** 

Aug.  14.  Worms  were  formed,  but  the  air  had  crept  into  the  receiver, 
ib  as  to  fuflain  fifteen  inches  of  mercury. 

Hence  it  appears,  that  infects  may  be  produced,  and  live,  if  not  in  va-* 
cm  J  yet,  at  lean,  in  air  very  highly  rarifiea. 

Auguft  16.  1(577.  I  put  flics  eggs  into  an  exhaufted  receiver. 

No  worms  being  produced,  I  admitted  the  air  into  the  receiver,  and 
left  all  things  in  the  lame  poftur^  to  try  whether  the  eggs  had  loft  their 
faculty  of  raoducing  worms. 

Sept.  p.  The  eggs  produced  nothing. 

This  eroeriment  feems  to  ihew,  that  infers  may  be  generated,  and 
Eve  in  air  hi^y  rarified ;  but  not  at  all  in  vacuo. 

(72.)  Monk  17.  1677. 1  put  two  equal  ipiantities  of  frog-fpawn,  into,  ^'^-/i^*  «•- 
two  j^fs  vefiels  of  equal  bignefs ;  I  left  the  one  in  an  exhaufted  Ttccivtr^lSinmum' 
tocbefimi  but  the  ochcr,  bcmg  ia  a  xccdver  fuU  of  common  air,  «'>•  ' 
OL.  n  Hhhh  I 
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*^^-     May  2^.  I  repearecl  the   fame  experiment  twice,  but  fufpedt,  that  the 
^^^^  cone  was  not  well  kindled  ;  fince,  at  one  time,  it  loft,  only  three  quarters, 
and  at  another,  one  grain  of  its  weight, 

A/ay  24.  1  made  the  fame  experiment  again ;  and  this  day  aUb  the  lofs  of 
weight  was  found  only  one  grain  and  a  quarter.  Tiien  I  open'd  the  re- 
ceiver, and  having  wiped  and  cleans'd  away  the  foot,  repeated  die  experi- 
ment ;  when  the  cone  took  fire  very  well ;  for  the  loii  of  its  weight  a- 
mounted  to  fix  grains  and  an  half. 

I  tried  the  iame  experiment  again,  in  tin  uncleans'd  rcccjrei^  and  the 
cone  loft  only  three  grains. 

Afay  I  J.  I  made  the  fame  experiment  in  a  receiver  well  wtOi'd^  and  tiff 
cone  Was  lighter  by  fix  grains  and  an  half. 

I  made  tlie  fame  experiment,  in  the  like  manner,  in  a  well  cleaiis*d 
receiver,  and  the  cone  loft  feven  grains  and  an  half. 

I  made  the  fame  experiment  again,  in  an  unwafli'd  receiver,  and  then  I 
could  not  fufficiently  kindle  the  cone. 

May  z6.  I  made  the  fame  experiment  in  an  unwafh'd  receiver,  about  t lie 
middle  of  the  day;  the  fun  being  clear,  and  bright;  and  rcmov'd  not  the 
burning-glafs  for  a  long  time,  fo  that  it  took  fire  very  well,  and  became 
eight  grains  lighter. 

Hence  it  is  manifeft,  that  the  quantity  of  a  cone  to  be  confumed  in  the 
fame  quantity  of  air  is  not  fix'd  and  cenain,  but  fometimes  greater, 
fomecimes  lefs,  as  the  cone  fhall  be  more  or  lefs  kindled,  Belides,  the  im- 
perfeft  mixture  of  the  matter  may  caule  fome  difference ;  yet  it  feems  cer- 
tian,  that  fire  is  more  eafily  kindled  in  comprefled  air,  than  in  common; 
and  the  confumption  will  be  the  greater  in  a  certain  quantity  of  air,  if 
that  air  be  reduc'd  into  a  narrower  fpace,  than  if  it  ponbis'd  no  more  than 
ufual. 

(80.)  May  23,  I  put  a  perfumed  cone  into  a  receiver  made  for  compref^ 
fing  the  air ;  and  intruding  the  air  till  the  mei'cury  relted  thirty  inches  above 
its  ufual  height,  I  kindled  the  cone,  and  found  its  weight  to  be  abated 
one  grain  and  three  quaters. 

Mrt^ij.  I  made  the  fame  experiment  again,  after  the  fame  manner, 
and  with  the  fame  fuccefs. 

I  repeated  the  fame  experiment,  but  the  cone  did  not  kindle  well. 
Whence  we  have  a  confirmation,  that  fire  is  more  ealily  kindled  in  air  much 
comprefled,  than  in  common  air,  or  that  which  is  but  a  little  condenfed. 

I  repeated  the  fame  experiment,  and  after  I  had  remov'd  the  bumirig- 
elafs,  wliilft  I  was  intent  to  fee,  whether  the  cone  would  proceed  to  be  con- 
lumed,  the  receiver  brake  into  an  hundred  pieces,  fome  of  which,  ftruck 
my  head  and,  wounded  it :  which  I  mention,  that  no  man  Tiiay  be 
confident  his  flafs  will  not  break,  whilft  he  is  about  fuch  experiments, 
becaufe  he  has  found,  that  at  other  times  it  refifted  a  greater  preiUire. 
For  this  very  glafs,  hadcontain'dairfourtimes  more  comprefs'd.  It  hadalfo 
refitted  air,  luftaining  one  hundred  and  ninety-eight  inches  of  mercury  ^- 
bove  its  wonted  heighc^  yet,  now  it  was  brokea  by  g  prdfiure,  iiuue  than 

fix 
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fix  times  k& ;  and,  therdbre,  whik  a  masi  looks  into  fiidi  r«eiver$,  h]s^^«^^«''«i- 
head  fliould  be  guarded.  >k,^Y\J 

(8x0  June^ieje.    I  burnt  paper,  Jbefmeai^ed  with  fulphur  in  vacuo.Tin  mmju  tfi 
and  found,  that  it  prodced  fame  air;  irhich  was  not  at  all  diminifh'd  foi^J?^*^^» 

two  days.  bifprinkieS  with 

This  air  muft  be  afcribed  to  the  paper,  for  none  ispioducM  put  of  ful>Sr„S'*'"''*  ^ 
phur  alone. 

(82.)  Junei^.  I  bimst  luntSHham  in  'uacuo^  and  jamid,  that  the  fumes, arfi^orii 
iflui  ng  atrfaenfrom,  contaki'd  fome  air.  ^^  '^^  «**^  * 

jMif  17.  On  thefe  two  laft  days,  I  repeated  the  iame  eicperiment,  and 
ahuaya  otaferv<d,  that  air  produced dBrom  harts-^hom,  yrfiS  ibon,  in  part^ 
deftroy'd ;  but  that,  which  preferved  its  elafticity  for  an  iiour  after  tht 
burning-glafs  was  removed,  ieem'd,  afterwarrds,  not  to  lofe  it  at  all. 

Jtme  lip.  I  tooktfae  hartshorn  outof  the  receiver,  and  found  no  volatile 
iklt,  but  only  a  fetid  oil  to  .be  produced  therefrom. 

(8  3  0  J^^^  2  i- 1  burnt  amber  in  vaaiOy  and,  at  iirft,  could  not  find  that  the  Amifer  hurgt  i» 
fumes  afcendttd  abovethc  height  of  one  inch ;  yet,  in  a  «oeiver  full  of  air,  they  ^'*^®' 
would  be  carried  up  to  the  top,  and  from  thence  return  downwards  ;  yet, 
afterwards,  even  in  the  vacuum  itfelf,  the  fumes  reached  almoft  to  the  top  of 
the  receiver,  but  the  mercury  varied  not  at  all  in  its  gage.  . 

June  12.  This  night,  a  great  deal  of  that  water,  in  which  I  had  immer- 
fed  the  receiver,  ibimd  a  paflfage  mto  it,  tho'  the  cover  was  fb  well  fitted  to 
the  aperture,  that  I  never  perceiv'd  any  water  to  get  in  betwixt  them,  be* 
fore.  Hence  a  fufpicion  arofe,  that  fome  volatile  fait  had,  probably  attra&ed 
the  aqueous  parts,  by  reafon  of  the  congruity  betwixt  them. 

July  8.  I  ftill  kept  the  receiver  immerged  in  water,  but  no  more  water 
entered  in ;  as.  if,  the  falts  being  wafhed  away,  the.  external  water,  deftitute 
of  affiftance,  could  no  longer  infinuate. 

(84.)  Jan.ii.  16J7.  I  put  two  drams  of  camphire  into  anexhaufted  re-  CMmjfnn  fuUf:- 
ceiver ;  and  the  junfture  of  the  cover,  with  the  receiver,  being  fortified  a-"^^  "*  "'^^  - 
gainft  external  air,  I  put  the  camphire  on  a  digefting  furnace. 

Jan.  19.  The  camphire  fublimed  into  flowers,  but  no  air  was  produeed. 

(85.)  May  2/^.  16^6.  I  included  Sulphur  vivum  \n  an  exhaufted  receiver, Soipiiur  vinim» 
and  melted  it  by  the  help  of  a  burning-glafs ;  but  found,  that  the  fumes,  ^"^*'''"'^^****-^ 
produced  thererrom,  contain^  no  air,  becaufe  the  mercury  afcended  to 
the  aperture  of  its  gage,  as  is  ufual,  while  the  receiver  is  evacuating ;  yet, 
when  that  was  coolM,  the  mercury  returned  to  its  former; height:  and, 
therefore,  that  change  was,  probably,  owing  to  the  air  included  in  the 
fealM  leg  of  the  gage,  being  rarified,  and  chiving  the  n^iercury  into  the^ 
other  part. 

(86.)  y^ly  19.  Having  induded.pafte,  nine  days  ago,  tn^udcuoj  and  per- p«^  tj^*i  <• 
ceivingthat  it  now  contained  noitnoreair,  I  cndeavoiur'd  .to  fire  it  with  JJ^J^J^l^,^. 
a  burning-glafs.    The  fubfidtog  fumes  had  tinged  .the  fuperficios  of  thetacutv 
pafb,  of  a  curious  yellow ;. and,  I  con je£hir'jd,  that  foroe  air  was  pro- 
tduced,  becaufe  the  receiver,  whtch,  before,  «ms4)lo&ly  ioi&'d  lo  its  co-* 
ver,  might  now.  with  eaie«  be  pluck'd  therefrom. 

(87.) 
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The  afcent  of  the  mercury  was     <t 
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(87.)  Septemier^.  1676.  I  exhaufted  the  air  out  of  a  receiver,  half  fiil' 

of  dried  grapes,  and  fortified  it  againft  the  external  air. 

Sept.  10.  In  twenty-four  hours  time,  the  height  of  the  mercury  was  7. 
Si^pt.  1 2.  In  two  days  time,  the  afcent  of  it  was  4-- 

^1 

27.  The  afcent  was  4-    The  height  three  inches. 

O^obtr  1 1.  The  height  of  the  mercury  was  now  about  fix  inches. 

September  9.  i6y6.  I  put  diied  figs  into  a  receiver,  and  fiU'd  about  half 
of  it  with  them  j  then  I  extrafted  the  air,  till  the  mercury  refted  ac  the 
height  of  three  inches. 

Sept,  10.  No  air  was  produced, 

Sept.  1 7 .  Perceiving  no  air  to  iifue  out  of  the  figs,  I  open'd  the  receiver. 

Hence  we  learn,  that  dried  fruits,  put  into  an  exhaulted  receiver,  pro- 
duce very  little  air  with  regularity. 
»«J       (88.)  Augufi  5.  i6-j6.  1  included  pears  and  apricocks  in  vacuo. 

Aug.  6.  In  eighteen  hours  time,  the  merciuy  rofe  two  inches ;  in  ten . 
hours  more,  it  reach'd  to  three. 


^"^•^J-   The  height  of  it  was    -[^^ 


9.  In  fourteen  hours  fpace,  the  mercury  mounted  three  quarters. 
Its  height  was  feven  and  a  quarter. 

-\At^.  101  r  8|    Aug.  18-1  ris 

19  I  \^9 

=o|  [jii 
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Aug.  29.  The  height  of  the  mercury  was  forty-one. 
Sept.  I.  The  height  of  it  was  forty-two  and  a  half. 
4.  The  height  of  it  was  forty-four. 

7.  The  three  laft  days,  being  hotter  than  the  foregoing,  the  afcent 
■of  the  mercury  was  two  and  a  quarter ;  its  height,  forty-fix  and  a  quarter. 
Sept.  10.  The  height  of  the  mercury  was  forty-feven  and  a  half. 

13.  The  mercury  was  depreifed ;  its  height  only  forty-four  inches. 
23.  The  mercury,  by  degrees,  mounted  again  to  forty-eight  inches. 
27.  The  height  of  the  mercury  was  fifty  and  a  half. 
Nov.  y.  The  mercury  afcended,  gradually,  to  fifty-two  and  a  half. 
Nbv.z9.  The  apricocks  were  reduced  to  water;  the  skin  being  fever*d 
from  the  pulp,  yet  no  more  air  produced. 

yan.  10. 167-7.  Whilfl  it  froze  very  hard,  the  mercury  rofe  to  fifry- 
tven  inches  J  but,  when  it  thaw'd,  it  funk  to  twenty-three.    Whether 
the  ftrei^  of  the  froft  (^n'd  Tome  way  for  Uw  air  to  get  out,  I  know 
not. 
'  Marth 
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'  AiircA  3.  The  mercury  could' afcend  no  higher,  becaufe  the  air  was  got  p»*''**a*««^ 
out.  Tl.is  davl  found  the  receiver  tumbled  on  the  ground ;  and  the  apri-  ^-^VVn/ 
cocks,  when  the  froft  broke,  were  putrefied,  and  had  loft  their  colour. 

Hence  it  feems  to  follow,  that  apricocks  produce  air  almoft  as  eafily  in 
their  wonted  preflure,  as  in  vacuo. 

(89.)  June  12.  1676.  I  put  four  cherries  into  two  exhaufted  receivers,  rrw» cftefW5. 
and,  proceeded  with  both  alike,  except  that  in  the  one,  the  cherries  were 
whole,  in  the  other,  cut  afunder  j  in  two  hotors,  the  whole  cherries  had 
impelled  the  mercury  into  the  gage,  to  the  height  of  ten  lines,  and  the  cut 
ones  to  about  twenty. 

June  2 1 .  In  twenty-four  hours,  the  mercury,  in  the  receiver  containing 
the  whole  cherries,  rofe  to  the  height  of  three  inches  ,•  but,  in  the  other, 
the  gage  was  fpoil'd. 

June  16.  The  whole  cherries  had  not  yet  produced  fo  much  air,  as  to 
fuftain  fifteen  inches  of  mercury  ,•  but  the  cut  cherries  had  wholly  fiU'd 
their  receiver  with  air. 

July  9.  The  receiver  of  the  whole  cherries  was  removed  from  its  cover ; 
I  eat  one  of  them,  which  tafted  pleaftint  enough.  I  included  the  reft  again 
in  vacuo ;  many  of  them  were  broke,  and,  in  one  hour's  time,,  they  im- 
pelled the  mercury  to  the  height  of  about  two  inches. 

Jufy  10.  During  thefe  laft  twenty-four  hours,  the  mercury  afcended 
not :  whether  the  gaee  was  damaged,  I  am  not  cenain. 

July  1$.  I  found  the  cover  fever'd  from  the  receiver;  whence  it  was 
clear,  that  the  gage  was  hurt. 

Hence  it  appears,  that  fome  cut  fruit,  iboner  produce  their  air,  than 
what  is  whole. 

(90O  J^^9'  1676.  I  put  fome  cherries,  that  were  not  acid,  into  an 
exhaufted  receiver ;  and,  within  an  hour,  found  as  much  air  produced 
fi?om  them,  as  fuftain*d  a  quarter  of  an  inch  of  mercury* 

June  10.  In  eighteen  hoursy  the  mercury  rofe  to  eleven  inches. 

June  1 1 .  The  fruits  produced  lefs  air,  gradually ;  fo  that,  this  day,  to- 
wards the  evening,  the  mercury  came  not  up  to  fineen  inches. 

June  12.  The  mercury  was  a  little  higher  than  fifteen  inches. 
13.  The  height  c£  the  mercury  was  twenty-two  inchcs.^ 

1 6.  The  mercury,  yet,  came  jiot  up  to  thirty. 

18.  Perceiving  no  more  air  to  be  produced,  I  opened  the  receiver. 

Such  a  fmall  produAion  of  air  feems  very  remarkable,  becaufe  I  had 
found  fruit,  of  the  fame  kind,  in  France^  to  fill  their  receivers  in  two  days 
time.  Probably,  fruits  of  the  lame  kind,  in  feveral  countries^  differ  much 
amongft  themfelves. 

(91.)  June  12. 1676.  I  put  cabbages,  cut  in  pieces,  into  an  exhaufted rrwii4l^|rfc 
receiver,  with  a  mercurial  gage ;  and,  in  an  nour's  time,  the  mercury 
afcended  one  line. 

June  1 3.  yht  mercury  was  now  come  almoft  to  the  height  of  ten  inches. 

17.  It  was  come  almoft  to  the  top  of  its  gage  j  and,  the  receives 
being  open^d^  I  ^Ufid  che.cabbi^s  littk  alterU 

•  1.  ..... ,         ^f  ■■  •• 
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«**•»-     yune  ip.  Bring  left  for  two  days  in  the  open  air,  they  were   wholly 

■"^  cMTupted,  and  blackilh.     I  put  them  ovain  in  v.ta!o,  to  try  whether  the 

pucrefaftion  begun,  would  promote,  or  retard  the  produftion  of  air. 

Jme  19.  The  mercury,  in  half  an  hour,  ran  up  half  an  inch. 
i  2J.  For  three  whole  days,  tlie  mercury  got  higher,  only  by  teo 

I  Ones.     lis  Iwight  was  one,  and  a  thud  of  an  inch. 

yune  23.  Finding  the  cabbages  produce  no  more  air,  I  took  ihcra  ous 
of  the  receiver  ;  tiieir  fmell  was  very  bad. 

Hence  a  fufpicion  arot,  chat  bodies,  when  tliey  putrefy,  have  produ- 
ced alnioft  all  their  sir. 
»««"'■        Cp'-)  ^^"y  ^9-  i67tf.  I  took   pieces  of  orange,  weighing  four   ounces, 
and  put  them  into  a  receiver,  capable  of  holding  ten  ounces  of  water  ;  and 
exhaufted  the  air. 

jfwBc  10,  Tlie  receiver  was  rcmov'd  from  its  cover,  by  the  force  of  the 
air  produced ;  fo  that  I  took  out  the  oranges,  and  prefently  put  them  into 
another  exiiaufted  receiver,  capable  of  containing  eight  ounces  of  water  i 
when,  the  mercury,  within  halt  an  hour,  was  elevated  to  the  height  of  half 
an  iucli. 

yuxe  13.  This  fudden  afcent  of  the  mercury  was  not  durable  >  for  it^ 
yet  came  not  to  the  height  of  two  inches. 

^uae  16.  The  mercury,  during  the  bft  twenty-four  hours,  afcendcd 
about  three  Ihies. 

yutteii.  The  mercury,  the  laft  twenty-four  hours,  did  not  aJccnd  the 
fpace  of  one  line. 

July  J  8.  I  perceiv'd  no  more  alteration  in  tho  height  of  the  merctirj', 
but  fome  mouldinefs  appcar'd ;  tho',  I  am  certain,  that  no  air,  from 
without,  had  cnter'd  the  receiver. 
■  «tot(p.  (93.)  April  ly.  1676.  I  put  a  tulip  into  an  exhaufted  rccetver,  with  a 
mercurial  ga^e ;  but,  before  it  was  fortiHed  againfk  the  external  air,  enough 
got  in  to  iuftain  two  inches  of  mercury. 

Mi^  2.  The  tulip  which,  ac  firft,  appear'd  ftriped  with  rarious  coloiirs, 
was  now  wholly  changed  into  a  dark  I'ed,  become  moift,  and  produced 
veiy  little  air. 
\ifsUmmM.  (94)  ■^pi'il2i.  1676.  I  put  half  of  a  lemmtsi  into  an  exhaafted  re- 
ceiver, with  a  mercurial  gage,  fo  (hort,  chat  the  mercury  ctHiId  doc  afcend 
three  inches. 

April  14.  In  two  days  fpace,  the  mercury  came  to  the  hdght  of  an  inch 
and  a  half. 

April  2  J .  The  mercury  was  now  two  inches  high. 

Aprilz-j.  Yefterdaythe  mercury  afcended  four  lines;  but,  this  day^  an^ 
<Mie. 

April  2  j».  During  the  two  laft  days,  the  mercury  mounted  lu^er  by  one 
line. 

Ab)>3.  In  four  days  fpace,  the  mercury  afcended  one  line^  aadatinle 
more. 

M9;.i577.  Themercttrjrcameto  dKCopollfacgagt^  yet  soaixsoc 
ottt^buc  thelemmoQw^salinleaJ^U  7^* 
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Jan.  i.iSji.  Hitherto    no  air  efcaped  out  of  the  receiver;  but  the  P"j*ja»ic 
lemmon  had  contraAed a  yellow  colour^  and  a  moifture,  Vy^rNj 

C^y.)  March  16.  16J7.  I  put  two  apples,  of  the^me  fort,  intotwaex-il^^^i. 
haufted  receiver ;  one  of  the  apples  having  begun  to  putrefy,  but  the  other 
was  only  bruisM  by  a  few  blows.    . 

May  1^.  1677.  Hitherto  they  feem*d  in  very  good  cafe;  but  now  the 
apple,  which  was  bruis'd,  appeared  wholly  rottei^  and  the  receiver  was 
forc'd  from  its  cover  :  the  other  apple  remained  without  change. 

j4$^gttft  lo.  1677.  The  apple,  which  before  be^n  to  be  rotten,  fuflferM 
no  farther  alteration ;  but,  finding  that  the  receiver  was  now  parted  from 
its  cover,  and  fearing  left  the  apple  would  be  ipeedily  putrefied,  I  took  it 
out :  its  tafte  was  grateful,  inclining  to  acid,  as  if  it  had  been  fermented; 
but  the  pulp  (bmewhat  refembled  meal  in  confiflence. 

Hereby  it  feems  confirmed,  that  fruits  have  produced  the  greateft  part 
of  their  air,  when  putrefaftion  b^ins  in  them ;  fince  the  putrid  apple  did 
not  fill  its  receiver,  but  in  a  much  longer  time  than  the  other. 

(96.)  May  17.  1676.  I  pour'd  two  equal  quantities  of  milk  into  two^^ 
glafs*iecdvers,  of  equal  bignefs ;  the  one  I  left  in  the  free  air,  and  the  other  I 
mduded  in  an  exhaufted  veflcl,  with  a  mercurial  gage. 

Mcy  i8.  The  cream  floated  on  the  top  of  the  milk,  left  in  the  free  air; 
but  that  in  vacuo^  was  only  coveted  with  bubbles,  and  the  gage  not  akerM 

at  all.  n      ft         , 

May  19.  The  bubbles  gradually  fwelld;  and  the  mercury,  in  the  gag^^ 

was  a  little  higher. 

May  20.  The  bubbles,  in  vacuo^  fwell'd  yet  more,  and  that  milk  feem'd 
curdled;  but  the  other,  in  the  free  air,  was,  manifefUy,  curdled.  The 
mercury,  in  vacuo^  came  almoft  to  the  top  of  its  gage. 

May  21.  The  milk,  in  vacuo,  proceeds  to  generate  more  air;  and  now 
it  evidently  appeared  to  be  curdled.  Whence-,  it  is  manifefl,  that  the  co- 
agulation of  milk,  when  the  air  is  taken  away,  is  retarded  Almoft  all 
the  bubbles  were  now  broke. 

7«iff  20.  The  milk,  in  vacuo,  was  no  longer  cover'd  with  bubbles,  and 
remained  fHll  coagulated  in  the  lame  ftate.  But  the  milk,  in  the  fre«  air, 
became  very  fetid,  and  was  full  of  worms.  When  it  was  put  on  the  engine, 
and  the  air  extrafted,  it  emitted  many  very  large  babbles,  for  a  long 
time  ;  and  the  worms  mov'd  very  vehemently,  but  not  one  of  them  died 
in  four  hours  time. 

May  19.  1677 •  Three  or  four  months  ago,  fome  whey,  in  vacuo ^  wasfF&o'. 
pour'd  out  of  a  ve(fel  into  a  receiver,  and  it  feem'd  clear  and  limpid,  like 
water;  yet  there  was  whey  enough  left  ia  the  veffel,  to  feparate  the  bu- 
tyrous'from  the  cafeous  part,  at  a  fufficient  diftance. 

This  day  the  milk,  flagnant  in  the  receiver,  feem'd  to  have  got  out  of 
it  •  fo  that  it  is  clear,  the  air,  in  the  receiver,  had  a  greater  force  than  the 
ejrternal  air ;  for  the  cover,  alfo,  was  feparated  from  the  receiver.  To- 
wards night,  I  took  that  milk  out  of  the  receiver,  and  found  it  to  be  acid, 
both  in  fmell  and  taftei  yet  it  was  not  ungntefui  to  the  palate  j  but,  after 

Vol.il  liii  ^ 
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^M*Tie>.  a  (hort  time,  the  whey,  whicli  hitherto  had  remained  limpid  becweea  the 
^^"^^  cafeous  and  buryroiis  part,  began  to  difappear,  and  to  be  blended  with  the 
reft. 

May  24-  The  butyrous  part  wholly  vanUh'd ;  tho',  as  yet,  it  lutd  fuf- 
fer'd  no  fenfible  mutation  :  but  the  milk  began  to  finell  ill. 

^uKe  I.  Our  milk  had  not,  yet,  contrafted  the  worft  of  fcents  ;  neither 
had  it  produced  any  worms  ;  but  it  grew  dry  by  degrees,  and,  this  night, 
the  mice  eat  it  up,  as,  perhaps,  they  had  the  butyrous  part  before. 

Here  we  fee,  that  the  coagulation  of  milk,  when  air  is  extracted  there- 
from, is  fomewhat  retarded  ;  that  the  weight  of  the  butter,  of  whey,  and  of 
cbeefe,  is  not  the  fame  in  the  air,  as  ii  vacuo ;  for,  in  the  air,  they  are  ton- 
fufedly  mixed ;  but,  /« i/acito,  one  fwims  on  the  top  of  the  other  j  due 
the  puirefadtion  of  milk,  when  air  is  extradted,  is  hindcr'd,  or  very  mudi 
retarded ;  and,  laftly,  that  milk,  by  contmuing  long  »«  vacuo,  is  made 
unfit  to  generate  worms,  even  in  common  air. 
t.  (5)7.)  September  5.  1677.  I  took  the  fame  receiver,  and  the  fame  vcffel, 

ufed  before  to  preferve  milk  in  vacw,  and  included  urine  therein,  as  I  had 
done  milk  before.     The  quantity  of  urine  was  about  three  ounces,  aod 
I  three  drams,  and  the  receiver  capable  of  holding  ten  ounces  of  water. 

I  Sept.  7.  The  mercury  reacli'd  to  the  height  of  almoft  two  inches. 

;.  Sept.  8.  The  mercury  was  fomewhat  higher  than  yefterday. 

'  December  5.  The  mercury  afcended  not  abova  three  inches  ;  and,  for  the 

whole  month  paft,  was  not  changed.  The  urine  feem'd  not  to  be  at  all 
altcr'd. 

Decemke.  1  fet  other  urine  under  a  receiver,  not  defended  againfl  the 
external  air. 

Dttemh.  16.  Ilie  urine,  in  vacuo,  ftill  kept  tmalter'd  ;  but  the  other,  in 
ten  days  time,  feem'd  turbid,  and  to  have  contrafted  fome  mouldineis  on 
its  fuperficies. 

This  experiment,  compar'd  with  the  former,  makes  it  probj^Ie,  that 
urine  contains  lefs  air  than  milk. 

But  the  power  of  the  air  to  corrupt  urine,  feems  very  obfervable. 
'afti.  (98.)  May  19.  I  took  pafte,    very  much  diluted,  and  without  leaven, 

and  putting  it  into  a  glafs-veflel,  included  it  in  an  exhaufted  receiver :  and 
tho'  the  veffcl  which  contain'd  it,  were  not  half  full,  before  all  the  air 
was  exhaufted  ;  yet  the  pafte  had  fwoUen  above  the  brim  of  the  veffel. 

May  20.  The  paftc  continued  to  fwell,  and  was  interfpers'd  with  many 
cavities. 

Afiij'2  2.  The  pafte  was  much  more  tumid  than  before,  and  much  air 
was  generated  tfierefrom 

May2}.  In  the  morning  Ifound  the  cover  fever'dfrom  the  receiver,  by 
the  force  of  the  produced  air,  and  fome  of  the  pafte  fpread  above  the 
edges  of  the  receiver;  yet  its  fwelling  was  fomewhat  abated.  In  the  af- 
ternoon, its  fwelling  was  much  more  abated,  yet  it  took  up  twice  more 
fpace  than  before  it  was  put  into  the  receiver.  The  tafteof  it  was  not 
icid;   and,  therefore^  I  think,  chacbiead,  thus  made,  is  very  light. 

(99) 
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(99-)  jfuly  2o.  1676.  I  put  aquantitvof  beef  into  an  exhaufted  receiver,  ?'*J^J^*<'«* 
defended  againft  the  external  air,-  and  another  equal  quantity  into  a  re-jjj^^^^^' 
ceiver,  neither  exhaufted,  nor  clofely  ftoppM. 

July  21.  In  thirty  hours  time,  the  exhaufted  receiver  was  fili'd  with  air, 
£0  that  I  fufpefted  fomeair  had  got  in :  and,  therefore,  included  the  fame 
beef  again,  and  fo  clofed  it  ,•  there  was  no  fear  any  external  air  fhould 
enter. 

July  22.  In  fourteen  hours  time,  the  mercury  rofe  to  the  height  of  fifteen 
inclies. 

July  2y.  For  three  whole  days  and  more,  the  beef  did  not  produce  air  e- 
nough  to  fill  one  half  of  the  receiver. 

July  26.  The  receiver  was  fevered  from  the  cover ;  and  in  one  hour's  time, 
I  perceived  the  beef,  being  again  included  in  vacuo^  had  produced  air  enough 
to  fuflain  ten  inches  of  mercury. 

July  28.  I  found  the  receiver  again  filfd  with  air,  and  re-exhaufting  it, 
much  air  was  in  a  fliort  time  again  produced  from  the  beef. 

July  30.  The  receiver  being  again  fiU'd,  I  again  included  the  beef  in  va^ 
cu  O9  and  found,  that  the  air  produced  £rom  it  in  one  hour,  fuftain'd  ten 
inches  of  mercury. 

At^u/l  I.  The  receiver  being  this  day  fiU'd  again,  the  beef  ftunk  abomi- 
nably, and  we  threw  it  away. 

Hence  it  appears,  that  fle(h,  whilft  it  putrefies,  produces  much  more  air, 
than  before  it  putrefies ;  but  'tis  otherwife  in  fruit. 

(100.)  July  iS.  1676.  I  put  fome  goosberries,  which  I  had  long  kept  inOouktrrits. 
receivers,  to  produce  air,  into  one  xmt  was  exhaufted. 

Within  half  an  hour  the  mercury  afcended  to  the  height  of  one  inch. 

In  an  hoiu:  and  a  half,  the  mercury  mounted  another  inch. 

July  19.  In  twenty-four  hours  time,    the  receiver  was  ahnoft  all  filled 

with  air. 
July  20.  The  cover  was  forced  from  the  receiver,  and  much  juice  run 

out. 

July  29.  I  left  the  fame  goosberries  in  a  receiver,  not  defended  againft: 
the  external  air ;  but  this  oay  I  included  them  again  in  vacuoy  to  try,  whe-* 
ther  they  could  produce  any  more  air. 

July  30.  In  fixteen  hours  time,  the  goosberries  drove  up  the  mercury  an 
inch  and  a  half  into  the  gage. 

July  30. 1677.  The  goosberries  could  not  wholly  fill  the  receiver ;  and 
they  always  remain'd  in  the  fame  ftate  ;  but  a  while  fince  they  had  almoft 
loft  their  red  colour,  and  inclined  to  white. 

From  hence  it  feems  to  follow,  that  this  fniit,  after  it  has  produced  all 
its  air,  fufers  very  little  alteration  i  as  if  that  air  itfelf  were  the  caufe  of 
corruption. 

(10 1.)  Augufi  23.  I  put  pears  into  an  exhaufted  receiver  with  a  mercurial p^jn. 
gage ;  and  before  the  receiver  could  be  well  defended  againft  the  external 
air,  tj^e  mercury  was  rifen  one  inch  and  a  half. 

In  two  hours  tixnc  it  afcended  £>ur  inches  ;  its  height  being  ahnoft  fix. 

liii  a  Auff^ft 
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5|S1^''      -^vgtifl  24.  The  height  of  the  mercury  was  twelve  inches. 
■^  Augiifi  jj.  The  height  thereof  was  lixteen. 

'  Aug.  261      The  height      fr8     Aug.  18I     The  height 

27J        of  it  was        tai  31J       of  it  was 

■^''■;?       The  height      5^'         ^^'■■'l      Theheight 
C       of  it  was       7jQl  ^C       o^ '^  "'fis 

Sept. -J.  Theheight  of  it  was  the  fame,  becaufc  fome  airhadefcapedj 


but  I  prevented  that  for  the  future. 
Sept.  8' 


C5Jt 

<r4T, 

<J8 


f-The  height  of  the  mercury  was 

lOj 

Sept.  ti.  Teflerdaythe  mercury  remained  at  the  fame  height;  but  now 
it  feem'd  to  be  deprefled  :  whence  I  conjefture,  that  fome  air  had  got  out. 
The  height  of  it  was  fifty-three  and  a  half. 

Supt.  1 3 .  I  tranfmitted  the  air  into  another  receiver :  the  height  of  itwas 
thirty-two  and  a  half. 

Sept.  t6. 1  perceiv'd  that  the  air  had  got  out ;  and  opening  the  receiver, 
I  found  the  pears  very  rotten. 

Thefe  pears  produced  their  air  irregularly,  fometiraes  quicker,  fometimes 
I  flower. 

^ttMNlf.  ''^^■)  *^'  ■  '7'  ^  P"^  At'^eA  plumbs  into  an  evacuated  receiver. 

Sept.  19.  The  mercury  feem'd  to  have  afcended  a  little. 
Sept.  32.  I  perceiv'd  not,  that  the  height  of  the  mercury  was  altcr'd. 
Novcmb.^.    When    the  plumbs    produc'd  no  more  air,    I    open'd  die 
receiver. 

By  this  experiment,  'tis  confirm'd,  that  dried  fruit  is  very  unfit  to  pro- 
duce air. 
AnimdJumh,     (103)  Sept.z^.  I  put  frefh  nut-kemels,  cuttopiece^  into  an  evacuated 
receiver,  with  a  mercurial  gage- 

Sept.  39.  The  mercury  afcended  a  little. 
Sept.  30.  The  height  of  it  was  two  inches. 

OBol.'i.  The  mercury  continu'd  toafcend  by  degrees:  theheight  of  ic 
exceeded  Cvn  inches. 

OBok.  M'  The  height  thereof  was  ten  inches. 
OBab.  22-  The  height  of  it  was  fifteen. 

Ni.v.  28.  The  mercury  was  come  to  twenty  inches,  or  more  ;  but  now 
the  receiver  was  thrown  down  and  broken,  and  the  nut-kernels  fcatter'd  : 
they  were  prelerv'd  very  well,  both  as  to  colour  and  tafte. 

Hence  we  may  conj'efture,  that  air,    without  fenfible  putrefaftion,    is 
producible  from  fruits,  even  of  a  hard  confiftence. 
tht  fni^iow       (104.)  'jiiiie  11.  I  included  new  peafe  in  a  receiver,  with  a  glafs  full 
%^"i^a^,il'i„oi  raifins  of  the  fun  bruifed,  and  mixed  with  vrater;  and  did  not  eihaufl 
t^iLfjifi,     the  air. 

*tmmT»lr."         Towatds  evening,  the  mercury  had  mounted  to  twelve  inches  ;.  but  a 

great  part  of  that  air  was  produced  from  the  raifins,  not  from  the  peafe, 

June  33.  The  height  of  the  mercury  was  forty-nine.  ^une 


FirxvicATiotf. 
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June  247   The  height  J  75    I    J^^  2tf  7   The  height  f     90 
25  J    of  it  was     c  90    i  28  J    of  it  was     c    100 

The  peafe  fweat,  as  it  were,  and  grew  yellow. 
June^o.  The hdg^t  of  the  mercury  was  one  hundred  and  teii. 
July  I.  The  mercury  afcended  not,  yet  no  air  efcaped. 
July/^.  The  height  of  the  mercury  was  one  hundred  and  twenty-four. 
July  7.  The  height  of  it  was  one  hundred  and  forty. 
July  10.  The  height  renuiin*d  the  fame,  but  the  liquor,    which  diftilfd 
from  the  peafe,  got  out. 

July  12.  New  liquor  was  produced  from  the  peafe ;  but  the  mercury  coii- 
tinu  d  at  the  fame  height. 

July  11*  The  liquor  got  out  of  the  receiver,  and  fome  air  befides; 
whereupon  Ifet  the  fcrew,  and  new  liquor,  being  in  a  fliort  time  collefted, 
fortify 'a  the  cover  within. 

July  IS.  Tlie  receiver  was  broken  in  pieces;  but  the  peafe,  being  fofter 
than  ordinarv,  were  eafily  ftript  of  their  husks,  as  if  they  had  been  par- 
boiled; but  tney  kept  their  ordinarjr  tafte. 

(105.)  Seft.  ly.  1(57(5.  I  put  unnpe  plumbs  into  an  exhaufted  receiver  j^^i^****"* 
and  before  the  receiver  could  be  guarded  againft  the  external  air,  the  mer- 
cury afcended  an  inch. 

Sept.  16.  In  twenty-four  hours  time,  the  mercury  ran  up  five  inches^  and 
its  height  was  fix. 

Sept.  17.  The  height  of  the  mercury  was  eight. 

Sept.iS^  010  15^/^23^  ri8 

19C    The  height     J12  I  24^    The  height     ^19 

20^      of  it  was      /^4  1  ^^C      ofitwas      y2j. 

22  J  C18  I  28)  C26 

OSiob.  I.  The  height  of  the  mercury  was  thirty. 
Oflot.  4.  The  height  of  it  was  thirty-one,  the  weather  fomewhat  colcj* 
OSiob.  s\    The  height      ("32  {OElob.p'r^.     ...  . 

7  J      ofitwas     I33I         ,5;|The  height  was  3  3t 

OElob.  ly.  For  thefe  two  laft  days,  the  cold  being  abated,  the  mercury 
afcended  fwifter,-  its  height  was  thirty-feven. 

CsS       OSiob.  29^^  r45 

The  height     J 3 97    «^^»     ^C     The  height    J4tf' 

of  it  was      y 41  y  T      of  it  was      747 

.        '.  ^     .     ^43  ^oj  Cyj 

In  this  experiment,  the  air  feems  to  be  produced  fometimes  regularly,  and 
at  others  irregularly. 

(106.)  JuTy6. 1676.  I  put  goosberries  into  an  exhaufted  receiver;  hntu GMmim 
before  we^ould  prevent  the  entrance  of  the  external  air,  it  had  impeU'dthe**  '•'^ 
mercury  iialf  an  inch  ;  and,  afterwards,  in  half  an  hour,  the  air,  produ- 
ced from  the  goosberries,  impelled  it  another  half  inch. 

Infeven  hours  time,  the  mercury  afcended  four  inches  higher;  and 
refted  at  five. 

July  7.  In  founeen  hours,  the  afceat  of  the  mcjcury  wa?  two  ipcbcj  and 
aihalf.  Ja 
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kjrtiM.         In  10  hours,  the   afcent  of  it  was  17. 
^r"^     yuiy  8.  In  14  hours,  the  afcent  of  the  mercury  was  i  J-. 
In  10  hours,  the  afcent  was  a. 
yuly  p.  In  14  hours  the  afcent  of  the  mercury  was  z  f. 

In  10  hours  its  afcent   was   i  4-. 
July  10.  In  14  hours  the  afcent  of  it  was  i  -J-. 

In  10  hours  the  a£ccnt  of  It  was  ?. 
yuly  J  I.  In  24  hours,  the  afcent  (^the  mercury  was  4. 
jf«/y  II.  In  34   hours,  the  afcent  was  4. 

Now  the  mercury  was  brought  to  its  wonted  preifure. 
yuly  13.  In  the  morning,  I  found  the  cover   brokea  ;  and  becaufe  U 
was  faftned  by  a  fcrew,   to  prevent  its  being  fever'd  from  the  receiver, 
I  fufpefted  this  happen'd  from  the  internal  air.    I  fubftituted another  co- 
ver in  its  {lead. 

Jjily  14,  15,  1(5,  17,  18.  I  perceived  no  change  in  the  height  of  the  mer- 
cury, becaufe  the  cover  wasnotexafUyclofed;  and  dierefore  I  took  out  the 
fruit,  and  put  part  into  another  evacuated  receiver,  and  the  reft  I  ftop'd 
up  clofely  with  common  air,  thatnotliing  might  get  out. 
In  4  hours,  the  mercury  afcended  4  mches. 
^itly  I  J).  In  14  hours,  the  afcent  of  the  mercury  was  i  i  i  but,  fulpefl- 
ing  the  air  to  have   efcaped,  I  fet  the  fcrew. 

In  t)  hours,  the  afcent  of  the  mercury  was  11  inches. 
The  cover  broke,  and  the  air  efcaped. 
This  experiment  feems  to  prove,  that  goosberries  contain   much   air, 
which,  as  foon  as  it  is  freed  from  the  wonted  prefliu^  of  the  air,    more 
readily  breaks  out,  than  when  retrained  by  fome   ambient  air,  till  the 
goosberries  begin  to  ferment ;  for  then  air  is  produced    in  a  far  larger 
quantity,  tho'  the  comprelfure  be  greater. 
S»t^hi'^      (i^7-)  ^"h  8-  1(57(5.  I  inckided  pafte  in  an  exhaufted  receiver;  and, 
*"■  before  it  was  guarded  againft  the  external  air,   the  mercury  was  come  to 

the  height  of  three  inches ;  the  air  making  an  irruption  from  without : 
whence  the  pafte,  which  was  much  fwoUen,  loft  about  the  third  part  of 
its  tumidity. 

A  little  while  after,  it  fwcU'd  again;  and,  within  half  an  hour,  the 
mercury  mounted  higher  by  two  inches. 

In  one  hour's  time,  the  afcent  of  the  mercury  was  two  and  a  half; 
and  the  pafte  continued  to  fwell. 

In  another  hour,  the  afcent  of  the  mercury  was  three  inches  and  a 
lialf. 

In  an  hour  more,  the  afcent  of  it  was  four  inches  and  a  half;  and  it 
refted  at  fixteen. 

July  p.  In  fourteen  hours  fpace,  the  afcent  of  it  was  twenty-one  in- 
ches, and  the  height  of  the  mercury  thirty-feven.  I  fufpefted  that  fome 
air  had  got  out.  When  I  fet  the  fcrew,  the  cover  br<wre ;  and,  upon 
admiffion  of  the  external  air,  the  pafte,  which  always  rofe,  now  abated 
about  two  inches  of  its  tmnidityi  though  it  was  iefc  comprefled  than 
before.  Iq 
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In  five  hours,  the  afcent  of  the  mercury  was  fifteen  inches.  P^xw^riti. 

But,  when  I  again  endeavoured  to  fet  the  fcrew,  the  cover  broke,  fo  ^^^^^^^ 
that  the  air  efcaped  i  and  the  pafte  was  prefently  fomewhat  deprcfled. 
In  four  hours,  the  alcent  or  the  mercury  was  ten  inches  :  the  pafte  a- 

fain  fwell'd,  as  before ;  but,  being  willing  to  fubftitute  a  better  fcrew, 
permitted  the  air  to  enter;  yet  the  pafte  did  not  now  fubfide,   as 
before. 

Jufy  10.  This  night  the  pafte  rofe  again;  yet  it  feemed  to  have  pro- 
duced no  air. 
In  four  hours  there  was  no  afcent  of  the  mercury. 
In  feven  hours,  the  afcent  of  it  was  four  inches. 
Julyi  1.  I  perceived  no  afcent  of  the  mercury. 
13.  It  feemed  to  have  afcended  a  little. 

17.  Seeing  no  more  air  produced,  I  took  out  the  pafte,  and  found 
it  to  have  a  fourifh  fmell. 
This  experiment  feems  to  prove,  that  air  may  be  produced  out  of 
pafte,,  in  comprefled  air,  as  well  as  in  vacuo. 

But  the  pane  was  twice  depreifed,  becaufe  the  comprefTed  air,  fudden^^ 
ly  finding  a  way  to  efcape,  was  dilated ;  as  happens  in  fprings,  when 
carried  beyond  their  point  of  reft :  but,  when  that  air  was  immediately 
repeird  by  the  external  air,  the  pafte  pitch'd,  and  was  deprefs'd. 

(108.)  July  13. 1(577  I  included  fome  horfe-beans  in  vacuo^  with  water  ;U  hMnsin  ^ 
wh^n,  thofe  which  were  bruifed,  feemed  to  fwell  much  ;  but  thofe  which*"^ 
were  left  whole,  fu&r'd  no  fenfible  alteration. 

In  two  hours  fpace,  I  faw  no  air  produced,  tho'  the  beans  continued 
to  fwell. 

July  14.  In  twenty- four  hours,  the  afcent  of  the  mercury  was  feven 
inches. 

July  15.  In  fixteen  hours,  the  afcent  of  the  mercury  was  three  inches 
and  a  half. 
In  eight  hours,  the  afcent  of  it  was  one  and  a  half;  the  height  of  it  twelve. 
July  16.  In  fourteen  hours,  the  afcent  of  it  was  three. 

17.  In  twenty-fix  hours^  the  afcent  of  it  was  fix* 

1 8.  In  twenty-four  hours,  the  afcent  of  the  mercury  was  almoft  nine* 
19*  I  ftopp'd  the  receiver  firmly  with  a  fcrew,  becaufe  the  air  had 

fot  out.    In  nine  hours  the  afcent  was  one  inch, 
n  twenty-four  hours,  the  afcent  was  three  and  a  half. 

2 1 .  In  twenty-four  hours,  the  afcent  was  five  and  a  half.  ^ 

22.  In  fourteen  hours,  the  afcent  of  the  mercury  was  two. 

23.  In  twenty-four  hours  the  afcent  of  the  mercury  was  eighteen. 

24.  In  fourteen  hours,    the  afcent  of  the    mercury  was  almoft 
five.    The  height  of  it  thirty-five  above  the  wonted  preffure. 

2  5 .  The  receiver  could  not  fuftain  a  greater  preflure.    I  found  the 
beans  of  a  fetid  fmell,  not  much  unlike  that  of  putrefied  fleOi. 
Henceit  feems  to  follow,  that  beans  contain  much  air,  and  that  it  is  pro- 
duced in  a  moderate  preifure^  aj  well  as  in  vacuo ;  fbmetimes  more  iudden- 
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Pft^ji^"'.!/,  fomecimes  more  (lowly.     But,  efpecially,  that  great  inequality,  wfiicb' 

tp,.i»Titi       (t09.)  July  2 J.  I  included  goosbcrrics  in  an  exhaufted  receiver,   aad 
****°*        guarded  tliem  very  well  againft  the  external  air. 

In  two  hours,  the  mercury  afcended  one  inch- 

yuly  24.  The  heighcof  tliemercury  was  feveninrhes  and  a  half. 

^uly  25    ■>    The  height  J  12     I        July  17  7    The  height  7    ao 
26  J     of  it  was     c   17     I  18  J     of  it  was     J    14  4 

Julji  39.  The  height  of  it  was  almoft  jo. 

30.  The  height  of  it  wasalmoftji.  I  tranfmitted  fomc  air  our 
of  this  rccCTver,  into  another  evacuated  receiver;  and  the  hei^t 
of  the  mercury  was  z6. 

31.  The  height  of  the  mercury  was  jj. 
Auguji  I.  The  height  of  the  mercury  was  39.     Bat  fome  airhadefca- 

ped  ;  and  going  to  flop  the  receiver  dole,  I  fufter'd  more  air  to  get  out. 
The  height  of  the  mercury  was  30. 
Aug.  2.  The  height  of  the  mercury  was  jp.    I  tranfmitted  fome  eii 
into  another  receiver. 

The  height  of  the  mercury  was    51. 
Aug.  3.  The  height  of  the  mercury  was  39. 
4.  The  height  of  the  mercury  was  41. 
y.  The  height  of  the  mercury  was  43.    I  tranfmitted  cbe  air  ibt 
to  another  receiver. 
The  height  of  the  mercury  was  thirty  inches. 

6.  The  height  of  the  mercury  was  43. 

7.  The  height  thereof  was  47, 

8.  The  height  thereof  wns  48.     But  the  air  being  tranCnitted 
into  another  receiver,  the  heiglitof  it  was  3(5. 

9.  The  height  of  the  mercury  waS4i,  in  fourteen  hours. 
Aug.  10.  The  height  of  the  mercury  was  47 ;  the  air  being  tranfmitted 

into  another  receiver,  the  height  of  it  was  3J,  in  twenty- 
four  hours. 

1 1 .  The  height  of  the  mercury  was  3  8  and  a  half,  in  fourteen  hours. 

12.  The  height  of  the  mercury  was  42,  in  twenty-four  hours.     I 
extracted  the  air,  and  the  height  of  the  mercury  was  16. 

13.  The  height  of  the  mercury  was  J 3,  in  twenty-four  hours. 

1 5  ^-The  height  of  it  was<3s>     >i4         i8>Theheight  was-^47>-24 

I  tranfmitted  the  air  into  another  receiver;  and  the  mercurial  gage  was 
fpoiled.  I  took  out  the  goosberries,  and  found  they  had  loft  their  colour, 
and  almoft  all  their  acidity. 

From  hence  we  may  inrer,  that  goosberries  produce  their  air  r^Iarly, 
unlefs  fbmething  be  extrafted  out  of  the  receiver  i  for  then  they  acquire 
a  power  to  prodHcenew  airmore  fpeedily. 

(no) 
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(no.)  Sept.  12.  I  put  crude  grapes  into  an  exhaufted  receiver  ;  but  be-^*»^;?^**«^ 
£ore  they  could  be  fenced  from  the  external  air^  as  much  had  got  in  tiS x!!^rs^^t^r 
fuftain  d  three  inches  of  mercury.  ▼»"o. 

Sept.  13}  ^   H  ^^f^'  ^7)  _  O? 


The  height  ofitwas<  10  I  ip>The  height  was<23 

O7  I  ao3  C2J 

Sept.  22.  The  height  of  the  mercury  was  30.    I  flopped  the  receiver 
with  a  fcrew. 

23.  The  height  of  the  mercury  was  about  30  and  a  half. 

24.  The  height  thereof  was  32. 


The  height 
of  it  was 


Sept.  26^  ("34  T  I    OElolf. 

%  The  beight  V«  J 
r    of  It  was    \\^  I 

30J  ^    V.37  ^ 

OStoL  15.  The  height  of  riie  mercury  was  46. 

thefe  two  laft  days,  when  the  firoft  was  diffolved. 

Nov.  2.  The  height  of  the  mercury  was   54. 
5.  The  height  was  58. 

Jan.  xo.  1577.  The  mercury  was  come  to  the  height  of  70  inches; 
yet  I  perceived  no  fenfible  change  in  the  mercurial  gage^  even  when  the 
cold  was  Iharpeft ;  tho*  the  grapes  and  their  juice  were  turned  to  ice. 

September  21.  Hitherto  the  grapes  feemed  not  altered  j  but  the  mercu- 
ry h^d  afcended  a  little^  becaule  the  air  found  a  paflfage  out.  I  open'd 
the  receiver,  and  when  the  air  broke  forth,  many  of  the  grapes  feemed 
to  be  wrinkled.  The  grapes  had  kept  their  tafte,  but  it  was  much  more 
pu£gent :  the  juice  continued  tinged  of  a  curious  red  colour. 

This  experiment  feems  to  inform  us,  that  grapes  produce  not  all  their 
air,  but  in  a  long  traft  of  time. 

(in.)  Augufi  10.  1^77.  I  put  pears,  cut  afunder  into  an  exhaufted  re- f*^^^ « ▼^ 
ceiver.    Towards  evening  the  mereiiry  was  rifen  ten  inches. 

Aug.  ii^  ^20    I      Aug.  1$)  fyy 

;<6o 


CttO. 


"The  height  of  it  was^  3  8    I  16  >The  height  was*N  60 

C48    1         .     *7>  C68 

The  air  baing  tranimitted  into  another  receiver,  the  height  of  the  mer« 

cury  remained  at  ;  3  and  a  half. 

Aug.  1 87     The  height      ftfi  I  Aug.  2o7     The  height      Cjo 
19 J       of  it  was      C(54  |  21 J      of  it  was     c.7* 

The  air  being  tranfinitted  into  another  receiver,  the  mercury  remain^ 
ed  at  61. 

Aug.  227     The  height      TdS   I  Aug.  247     The  height     ("79 
23J       of  it  was       C74  ]  ^sS      of  it  was       c.81 

The  air  being  tranfmitted  into  another  receiver,  .the  height  of  the  rner* 
cury  was  di. 

Vol.  IL  Kkkk  Aug. 
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Phe  height  of  the  mercury   was  jtf.     Some  ai 
litrcd  the  reft  into  another  receiver,  and  the  mere 

;  =77  Ctfo    I       Aug.  3o7  f Sj 

28>The  height  of  it  was<68  3  i  >The  height  wflS<88 

293  C7S    i    S'^pf-       O  (95 


^  „       ;.  The  height  of  the  mercury   was  jtf.     Some  air  having  got 

out,  1  tranfmitrcd  the  reft  into  another  receiver,  and  the  mercury  remain 'd 

at  J  2. 


"    '^'     ■       '      "■  "  ......  ^g^ 

(95 

Sepemb.  i.  The  height  of  ic  was  100. 

Sept.  J.  The  height  of  ic  was  89  ;  fome  air  having  efcapcd,    which 
made  me  cautious  to  prevent  the  like  for  the  future. 


Sep.  4.  The  height  of  the  mercury  was  100.  ^| 


I 

^U^^  S-  The  fame   height  continued. 

^^^^1  7.  The  fame  height  ftilt  continued,  tho*  no  air  efcapei.    ^.-^ 

^^^^H  i).  The  height  of  the  mercury  was  107.  "'  "< 

^^^^V  10.  The  height  of  the  mercury  was  the  fame. 

^^^^      The  air  being  tranfmitced  into  another  receiver,  the  mercury  rtftcd 
■  at  99. 

H  Sept.  II.  The  mercury  moved  not. 

H  ij.  The  height  of  the  mercury  was  loy.  _ 

I  OBober  8.  I  found  that  the  air  had  got  out.  | 

Tins  experiment  feems  to  inform  us,  that  pears  produce  their  air  by- 
fits. 
vii|Mij>K«>        (11  a.)  March  itf-I  melted  down  lead,  with  a  fire,  in  a  brafs  vellel,  whofe 
?'^'^wfc"j'^'^'"^^^  ^^^  ^"^  '"'^^  *"*^  half;    but  before  the  lead  was  concreted  by 
tuitncnia   cold,  I  put  it  into  a  receiver,  out  of  which  I  fuddenly  exhaufted  the  air  ; 
■"'•""^        whence  the  figure  of  the  lead  was  concave,    and  the  parts  of  it  the  more 
deprcfled,  nearer  the  center  :  but  lead,  congealed  in  common  air,  exhibits  a 
convex  figure,  except  in  the  middle,  where  there  is  a  little  cavity. 

I  made  the  fame  experiment  on  tin,  with  the  fame  fuccels  ;  and  tho' 
both  metals  being  fluid,  and  very  hot,  had  remained  long  in  vacuo,  yet  no 
bubbles  feemed  to  rife  from  either ;  but  all  other  hot  liquors  ieem  to 
yield  numerous  bubbles  in  vacuo. 
SMUtmiiMut  Ui3-)  Sept.2.  I  put  water,  faturated  with  fait,  /m  iiacao;  to  try  whether 
■a  wuo.  it  would  be  there  converted  into  cryftals,  and  the  fait  be  carried  above  the 
Tuperficies  of  the  water,  as  happens  in  the  free  air. 

Sept.  15.  The  water,  with  the  diflblved  fait,  abiding  in  the  fame  ftate, 
I  opcu'd  the  receiver ;  and,  as  no  vapours  could  efcape,  'tis  reafonable  to 
judge,  that  the  fait  could  not  there  be  converted  into  cryllals. 
TitmirifgM,-      (114.)  Aitgujl  8.  1(575.  I  put  air  produced  from  goosbcTries,  into  an 
iwrifiiaiKoo.eyacuated  receiver,  furniftied  with  a  mercurial  gage. 

March  i.  167'.  I  perceived  no  change  in  the  height  of  the  mercury, 

and  therefore,  open'd  the  receiver. 

■tiimiwbtcS       ('1 5-)  -^"ff^fl  8-  I  took  a  vial,  able  to  hold  feven  ounces,  five  drams, 

m  utbittS    and  three  grains  of  water,  and  exhaufted  the  air  out  of  it ;  and,  wlien, 

"*"'  iu  a  balance,  it  was  fuipended  in  equilibrium,  with  another  weight,  I 

pierced 
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pierced  the  bladder  which  covert  the  orifice,  with  a  .needle;  and  then,  the^*'^*^^^^*- 
vial  being  filled  with  air,  appeared  heavier  by  four  grains  and  a  half ;  which  ^^^^'y^^^ 
latter  weight  to  the  former,  is  as  i  to  814 :  whence  it  follows,  that  uater 
is  about,  at  leaft,  800  times  more  ponderous  than  air  of  an  equal  bulk. 
This  day  was  hot  and  clear ;  and  fome  air  is  always  left  in  the  receivers 
after  exhauftion. 

(iitf)  Jan.  16.  KJ77.  I  put  Aquafortis^  with    fixed  nitre,  into  a  re-Aqu*forris, 
ceiver ;  and,  having  exhaufted  the  air  as  much  as  I  could,  poured  one  off"'^*'^'"'^ 
Tthem  on  the  other,  and  found  much  air  produced.  I  marked  the  height  *° ''*"*°' 
of  the  mercury  in  the  gage. 

March  5.  Finding  the  produced  air  was  not  deftroyM,  and  that  the 
mercury  perfifted  at  the  fame  height,  I  open'd  the  receiver,  and  found 
nitre  produced  in  vacuo  from  the  mixture. 

(117.)  May  12.  1677.    I  fiU'd  a  long  and  very   narrow-neck*d  vial,  0,7,  ^^j^,  ^^^ 

5w  ;  into 
mercury 
in  the  neck  of  the  vial,  appeared  depreCfed  about  a  quarter  of  an  inch  ; 
the  caufe  whereof  I  judg'd  to  be  the  compreffure  of  the  air :  but,  having 
eafed  the  icrew,  and  thereby  fuffer'd  the  air  to  break  in,  and  be  dilated, 
the  oil  did  not  afcend  at  all ;  io  that,  I  fuppofe,  it  was  condenfed  only  by  cold. 

Auguft  5.  I  made  the  fame  experiment,  after  the  fame  manner,  ufing 
water  inftead  of  oil ;  yet  could  perceive  no  change  of  the  height  of  the 
water  in  the  neck  of  the  glafs ;  tho*  the  heat,  being  moderate,  might  have 
produced  a  fenfible  efifeS. 

Jan.  14.  1678.  Finding,  by  fbme  experiments,  that  comprefled  air  en- 
ters into  the  pores  of  the  water,  and  pierces  even  to  the  bottom,  a  fufpicion 
might  arife,  that  the  water  was  not  condenfed  by  the  comprefled  air,  becaufe 
the  air  entring  into  the  pores,  made  the  preflure  within  equal  to  that  from 
without  ;  I,  therefore,  filled  the  abovefaid  glafs  with  fpirit  of  wine ; 
leaving  only  the  length  of  three  inches  in  the  top  of  the  neck  thereof,  which 
was  filled  with  air  only.  Then  applying  my  hands  to  the  glafs,  the  fpirit 
of  wine,  being  heated,  foon  filled  the  whole  neck  to  the  top.  The  glafs 
being  now  inverted  into  a  vcflel  of  mercury,  I  removed  my  hands,  when 
the  fpirit  of  wine  being  foon  cooled,  fuffer'd  the  mercury  to  poflefs  three  in- 
ches in  height.  I  put  the  veflel,  und  the  ^lafs,  in  that  pofture  into  a  re- 
ceiver, ana  afterwards  comprefled  the  air  therein,  till  the  mercury  ex- 
ceeded its  wonted  height  90  inches ;  yet  there  was  no  fenfible  conaenfa- 
tion  of  the  fpirit  of  wine,  nor  any  afcent  of  the  mercury  :  however,  it  is 
certain,  that  no  air  had  crept  in,  becaufe  the  mercury  hindered  it  j  and 
the  receiver  being  opened,  when  the  air,  that  comprefled  from  without,  was 
dilated,  no  bubbles  appeared  in  the  fpirit  of  wine. 

Here  it  feems  worth  enquiring,  how  the  fpirit  of  wine  wasfofenfibly 
*condenfed  by  a  moderate  cold,  and  not  at  all  by  a  great  comprefliire  of 
^heair. 

Kkkka  (ii8^ 
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■^I^Srir^'  Cn8.)  May  u.  iiSyfi.  I  poured  fpirit  of  wine  into  a  glafs  ceflel,  and 
Wr«rf»(«,  ^ttc^  fon^f  clrops  of  oil  ofturpentine  thereto,  which  fwimming  upon  the 
-rf  ..?(tfti.rl  fpirit  of  wine,  began  to  be  tlicre  whirl'il  about.  I  put  the  glafs  velTel 
"'"'""'""*'' on  the  pneumatic  engine,  and  cover'd  it  with  a  receiver  ;  yet  ciie  bubbles 
did  not  at  all  ceafe  to  move  up  ar.d  down.  Then  I  pump'd  out  fome  of 
the  airj  when,  the  bubbles,  emexgiiig  from  the  fpirit  of  wine,  adiiered 
to  the  drops  of  oil,  and  carried  them  to  the  fides  of  the  vcffel,  and 
there  detained  them  ;  yet  two  drops,  free  from  fuch  bubbles,  proceeded 
to  have  a  further  motion.  Afterwards,  I  wholly  eshaufted  the  receiver, 
and  fome  drops  rofe  to  the  top  thereof,  by  the  force  of  the  bubbling  fpi- 
rit of  wine  ;  but  the  remaining  drops  continued  to  be  moved  a  little, 
and  foon  after  refted.  The  air  being  admitted,  the  drops  began  again 
to  renew  their  motion,  but  it  was  flow,  and  quickly  ceafed. 

I  repeated  the  experiment  with  fpirit  of  wine,  and  oil  of  turpentine, 
purged  from  air;  and  no  ebullition  was  then  made,  nor  did  any  bubble 
appear  :  but  the  drops  of  tJie  oil  of  turpentine  were  moved  in  vacuo,  as  in 
the  open  air. 

Hence,  it  feems  to  follow,  that  the  cauie  of  the  motion  of  the  drops, 
is  not  owing  to  the  dillblution  ;  for  all  diifojutions  ia  vacuo,  have,  hitherto, 
feemed  to  me,  to  produce  bubbles. 
isXfifittat  (ii9-)A''yi9>itf76-VefterdayIlefttworadi(}ics/«  Vfl^:afl,o^eofthemhang- 
J*^«iB«(ll(..ing  with  the  root  downwards,  the  other  in  a  contrary  pofture;  aud  both  cut 
iranfverlly,  refted  over  a  veflcl,  which  contain'd  red  wine.  Thcfe  remaining 
for  a  whole  night  m  i/iicKo,  feem'd  well  purged  of  their  air.  Opening  the 
receiver,  I  added  two  other  radifhcs  to  the  former,  cut  after  the  iame  man- 
ner, having  firft  taken  off  their  thick  skin.  Then  exhaufting  the  receiver,  I 
immerg'd  the  cue  part  of  all  the  radifhes,  at  once,  into  the  wbiacent  wine  j 
upon  which,  many  bubbles  feem'd  to  arife  from  them  :  and  more  bubbles 
proceeded  from  thofe  radifties  which  were  pui^ed  of  air,  for  a  whole  nighi^ 
than  from  thofe  which  'had  not  remained  above  half  an  hour  i«  vacuo, 
with  their  skins  off. 

Hence  bubbles  feem  to  be  formed  of  particles  of  air,  fwimming  in  wa- 
ter ;  and  becaufe,  in  the  skin  there  are  fome  canals,  fit  to  retain  pans  of 
air,  the  peeled  radiihes  afforded  no  opportunity  for  the  formation  of  fo 
many  bubbles. 

The  liquor  afcended  no  lefs  into  thofe  radiflies  which  hung  with  their 
roots  upwards,  than  into  the  others. 
ut"^l^lii  U'io.)May^.  1676.  I  immerged  one  end  of  a  fmall  cpen  glafs  tube, 
m»Kf,  ((» rn/i.- into  water  ftagnant  in  i'(if»o,  and  prefently  the  water  afcended  up  into 
•^  ?^^-'/fcVi,  i^>  3S  ufual  in  common  air,  and  to  the  fame  height ;  but,  foon  after,  many  bub- 
^viM^'iuyii.  bles being  formed  there,  raifed  the  water  higher,  and  kept  it  fufpended 
"^'  in  three  different  places,  intercepted' by  many  bubbles;  and  feveral  otha: 

bubbles  feemed  to  pafs  out  from  the  end  immerfed  in  water. 

Then  fcaling  the  other  end  of  the  tube  hermetically,  and  making  the  ex- 
periment in  common  air,  the  water  afcended  not  up  into  the  cube  at  the 
open  end.    But,  in  vacuo,  it  afcended  cbcjeiiij  as  if  ic  Imd  been  open  at 

bodi. 
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both  ends  •,  and  many  bubbles  fuddenly  formed,  feparated  the  water,  ^^^y^^fi^' 
contained  in  the  tube,  to  a  great  diftance,  as  before  :  in  the  mean  time,        ^  ^^' 
many  other  bubbles  feemed  inceflantly  to  pafs  out  from  the  end  of  the 
tube  immerfed,  tho'  they  afterwards  appeared  lefs  frequent. 

But  the  water  being  fufpended  higher  in  the  tube,  feemed  to  contain 
no  bubbles,  whilft  the  end  only  emitted  fo  many. 

Then:  I  took  out  diat  end  from  the  water,  and  no  more  bubbles  ap- 
pearM,  tho*  it  was  wholly  fiU'd  with  a  cylinder  of  water. 

May  5 .  I  repeated  the  experiment ;  but  before  I  had  immers'd  the  end 
of  the  tube  in  water,  a  drop,  which  ran  over  from  the  upper  aperture  of 
the  receiver,  flowed  down  to  the  open  end  of  the  tube,  and  penetrated 
into  it  to  the  height  of  two  lines,-  and  no  bubble  was  formed  there  in  a 
full  half  hour.  I,  afterwards,  plunged  the  end  of  the  tube  into  the  wa- 
ter of  the  veffel,  and  bubbles  foon  began  to  be  formed  as  before  ;  fome 
of  which  fucceeded  others  within  half  a  minute  :  but,  afterwards,  they 
were  lefs  frequent.  Repeating  this  experiment,  many  times,  I  perceived, 
that  when  the  water  was  extracted  from  the  tube,  no  bubbles  appeared  ; 
btit  if 'it  were  immerged  in  water,  fome  would  adhere  to  the  end  of  it, 
cither  fooner  or  later. 

MAf  6.  I  made  the  fame  experiment,  with  the  infufion  of  nephritic 
wood,  with  a  like  fuccefs  ;  excepting  that  the  bubbles  emerged,  and  pe- 
netrated the  liquor,  before  they  had  acquired  any  confiderable  bignefs  : 
whence  we  may  conjefture,  that  this  liquor  is  very  thin,  and  hath  no  vif- 
cofity^  to  refift  a  pervadinig  body. 

may  lo.  I  repeated  the  fame  experiment  with  fpirit  of  wine,  mixed 
witii  a  certain  oil,  made  fer  deliquium^  but  found  nothing  new  j  only 
the  liquor  afcended  not  fo  high  into  the  tube. 

Hence  the  bubbles  feem  to  be  formed,  at  the  extremity  of  the  tube,  of 
aerial  particles,  fwimming  in  the  water  ;  which  finding  fome  impediment 
at  that  end,  cannot  pafs  by,  and  fo,  new  ones  coming  upon  them,  they  fwell 
into  bubbles. 

(i2i.)  July  1 8.  ^6^6.  Two  days  ago,  I  took  fome  horfe-beans,  and  in-  Hir/e^«-ijr. 
eluded  them  in  an  iron  tube,  clofely  flopped  ^  firfl:  pouring  water  on  the  2^iX*i«L 
comprefled  beans,  till  the  tube  feemed  wholly  full  j  to  try  whether  the 
expanfive  force  of  the  beans  would  break  the  tube.  TTiis  day  the  tube 
feem'd  not  to  be  alterM,  but,  the  ftopple  being  loofen'd,  fome  air  broke 
out,  and  much  water,  which  was  not  imbibed  by  the  beans,  fell  upon 
the  ground :  then  we  heard  a  noife,  as  it  were,  of  bubbling  water,  for 
above  an  hour. 

July  25.  The  tube  remained  in  the  fame  pofiure;  but  now  one  of 
the  ends  of  it  being  unftopp'd,  and  fome  beans  taken  out,  the  miurmur 
of  the  bubbling  water  was  heard  as  before. 

From  hence  it  feems  to  follow,  that  beans  contain  air,  whicf^  in  a 
great  compreffure,  cannot  efcape  i  but  brcaks^  out>  if  freed  from  the  com- 
piefling  force. 
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"«ir."-  (i32.)  Manb  4.  1677.  I  put  a  glafs,  half  full  of  fpirit  of  fal  armo- 
llJ^^niac,  and  copper  filings,  into  a  well  cxliaufted  receiver,  and  (lopp'd  it 
i«,a»in.f-up :  in  15  minutes,  the  liquor  had  coiitrafled  a  blue  colour,  very  much 
fiugi  IB  ^iiytcd  J  but,  the  air  being  admitted,  in  thi-ee  minutes  the  blue  colour 
appeared  vivid  and  thick.  I  put  the  liquor,  fo  ringed,  again  in  vacuo, 
to  try   whether  that  colovir  would,  in  time,  vanifti. 

April  4.  The  blue  colour  almoft  quite  difkppear'd,  but  quickly  return *d, 
upon  admilfion  of  the  air. 
M^Bw/.  (i5;J  May  8.  1  put  a  ceitain  oil,  ma.dc  per  deliquium,  and  fpirit  of 
JvH'Imo.  wine,  into  an  exbaufted  receiver  :  the  fpirit  always  fwam  on  the  top  ;  and, 
left  the  fpirit  fhould  bubble  over  the  edges  of  the  veifel,  I  extrafted  the 
air,  by  degrees ;  when,  at  firft.jgrcat  bubbles  arofe  from  the  fpirit,  and  but 
very  fmall  ones  from  the  oil ;  atter  one  hour,  the  oil  afforded  large  bubbles, 
which,  from  being  fmall  at  the  bottom,  fill'd,  in  their  afcent,  the  whole 
breadth  of  thfir  vefTel :  and,  after  another  h'jur,  fomc  bubbles  broke  our 
with  fo  great  force,  that  they  hit  againft  tlie  top  of  the  receiver. 

Af'iy  9.  1  repeated  the  experiment  in  a  glafs  fomcwhat  long  and  nar- 
row, that  I  might  the  better  perceive  the  motion  of  the  bubbles ;  and 
I  faw  the  bubbles  paflin';  out  of  the  oil  into  the  fpirit  of  wine,  with- 
out any  great  incrcafi:  of  their  quantity  :  but  bcin™  diftant  only  one  quar- 
ter of  an  inch  from  the  fuperficies,  they  were  fuddenly  expanded, 
wfotii.  Ci34)'^%3-i'57<5.1  mixed  aquantity  of  ^y«ii/o«;V,  with   a  larger  of 

i»./  nfi«,  fpirit  of  wine ;  then  diftributed  the  mixture  equally  into  three  glafs  vclfels,  and 
'  '""nTtvih  P^^  three  equal  pieces  of  iron  into  them,  to  each  veflel  one.  This  done, 
i«i>.  I  included  one  oitlie  three   veflels  »k  i/ac/w ;  and  there  many  great  ebul- 

litions were  made.  In  a  quarter  of  an  hour  I  took  out  the  veflel,  and 
found  the  liquor  black  and  turbid;  whilfl:  tlie  other  two  veflels  had  their  liquor 
not  alter 'd  in  colour;  only  fome  black  powder  appear'd  at  the  bottom. 

One  of  thefe  two  veflels  I  put  in  vacuo,  and  there  arofe  ebullitions,  great 
indeed,  but  much  lefs  than  the  former  :  in  one  quarter  of  an  hour,  I  took  out 
the  veffcljand  found  the  liquor  black,  yet  lefs  io  than  the  former  ;  but  that 
which  was  left  always  in  the  air,  remained,  in  a  manner,  unchanged. 

May  4.  In  the  morning,  the  liquors  in  tlie  two  veflels,  put  in  vacuo,  ap- 
pear'd clear  and  green. 

But  that  in  the  open  air  bubbled  more  flrongly,  than  it  did  yefterday, 
and  was  of  a  red  colour.  I  put  the  three  veffels  together  in  vacuo,  and  per- 
ceiv'd  no  remarkable  ebullition  ;  only  fome  bubbles  appear'd  larger  in  the 
red  liquor,  than  in  the  other  two. 

From  hence  h:  feems  to  follow,  that  fpirit  of  wine  accelerates  ebullition 
iff  vncuo. 
■^h-tifaUt-  (12;.)  ^nn.  21.  1678.  1  had  a  glafs  half  full  of  fpirit  of  fal  armoniac, 
moMM  »»i  and  filings  of  copper,  the  mouth  wnereof  was  fo  exaftly  ftopp'd,  that  the 
2i^(i|i'2J  ^blue  colour,  induced  by  the  externa!  air,  now  wholly  difappear'd.  The 
.|i^».  ftopple  was  made  of  leather,  prepar'd  after  a  particular  manner. 

'This  glafs  I  fet  in  vacua,  with  unfermened  pafte,  that  the  receiver  being 

J"ullof  air,  from  the  pafte,  I  might  perforate  the  leather  that  ftopp'd  the 

^  glafs; 
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glafs  j  and  try,  whether  the  contaft  of  the  air,  generated  fit)m  the  pafte,  ^"^J**^*^ 
would  alfo  communicate  a  colour  to  the  liquor.  Vn^V^ 

Jan.  22.  There  was  no  need  to  perforate  the  leather ;  for  I  found  the  li- 
quor already  tin[,ed :  whence  it  is  probable,  that  aii:  produced  from  pafte, 
is  endud  with  fuch  minute  particles,  as  to  penetrate  leather,  which  is  im- 
pervious to  common  air. 

Jan.  2  5 .  The  liquor  became  almoft  colourlefs ;  whence  it  appears,  that 
common  air  is  too  thick  to  penetrate  all  paflag^s,  which  are  pervious  to  air^ 
produced  from  pafte. 

Feb.  2.  I  put  the  fame  vial  in  vacuo^  but  did  not  cement  the  receiver  to 
the  cover  ;  fo  that  the  air,  gradually  entring,  in  twenty-four  hours,  fiU'd  the 
receiver,  as  it  was  leifurdy  filled  with  the  air  produced  from  pafte  ;  yet  the 
liquor  ftill  remained  colourlefs. 

Feb.i^.  I  put  the  fame  glafs  again  in  vacuo,  with  fome  quantity 
of  pafte  i  but,  this  time,  the  air  produced  from  thence,  did  not  pervade  the 
leather,  as  it  had  done  before,  and  the  liquor  was  not  at  all  tinged. 

(i  26.)  April  2.  idyS.  I  put  a  Ihrew-moufe  into  the  filtrating  engine ;  and,  Ajhrew-wm^ 
when  I  perceivM  him  reduc'd  to  extremity,  I  began  to  ftir  the  pump,  that  the  altfih^f!Tir 
air,  might  be,  as  it  were,  filtred  thro  the  water.    The  moulb,  a  while  ^^^'  »*(«. 
after,  leem^d  to  be  better,  yet  not  wholly  reftor  d ;  and  having  been  long 
kept  fafting,  I  am  uncertain,  whether  he  died  for  want  of  aliment,  or  of 

new  air. 

April  i2*  I  repeated  the  experiment  with  a  fmall  weakly  moufe,  that 
had  been  kept  a  long  time  without  food.  And  finding  the  ikme  fuccefs  as 
before,  I  took  out  the  moufe  before  he  was  dead,  but  he  recovered  not  : 
fo  that  more  experiments  are  required,  to  (hew  the  effedt  of  this  filtration.    ^    . 

(127.)  May  2. 1578.  Six  weeks  ago,  I  included  frog-fpawn  in  three  re-  yl^Ii^Zmm 
ceivers,  the  firft  of  which  wasexhaufted  ,•  the fecond  contained  common  air;  fjJX./*f^  "* 
and  into  the  third,  I  intruded  fo  much  air,  that  the  mercury  refted  fixty 
inches  above  its  ufual  height. 

In  fifteen  days,  the  mercury  in  the  evacuated  receiver  rofe  an  inch.  The 
fpawn  in  the  common  air  feem  d  corrupted,  and  of  a  blackiih  colour;  but  that  in 
the  compreffed  air,  remained  unaltered  in  colour ;  tho'  no  frogs  were  generated. 

In  a  month's  time,  the  fperm  in  vacuo  had  not  changed  its  colour,  except- 
ing the  black  round  fpots;  but  feem'd  reduced  into  water:  the  colour  o£ 
that  in  the  common  air  was  very  black,  but  in  the  comprefs'd  air  the  fpawn 
began  to  be  reddifh. 

As  yet,  no  chance  was  perceived,  either  in  the  fpawn  in  vacuo,  or  that 
in  the  common  air  \  but  in  the  comprefs'd  air  it  appeared  redder. 

May  21.  The  fycrm  in  vacuo  was  not  changM;  in  the  coniprels'd  air  it 
remain  d  red ;  but  in  the  common  air  it  again  became  colourlefs. 

June  23.  The  fyerm  in  vacuo,  and  in  common  air  was  not  tinged,  but  in 
the  comprefsM  air  it  inclined  to  green. 

OSiob.  ly.  I  took  the  fpawn  from  all  the  velTels ;  that  kept  in  vacuo  was 
almoft  exhaled  out  of  itsveffel,  and  appeared  ftagnant  in  ihc  receiver,  like 
clear  water:  that  in  the  common  air  remained  CQlourleis;  but  that  in  the 
comprefb'd  air  ftill  kept  its  red  colour. 

(128.) 
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?;r^-      (iz^.)  May9.i6-f%.  Six  days  ago,  1    included   two  pieces  of  the  fkmc 

.„  y  «.oraiige  m  two  receivers,  not  qiiice  of  equal  bignefs;  in  the  greater,  there 

;<ir»'^«^^"'^^'^^°'"^  quanrity  of  water,  fo  that  the  fame  fpace  remain'd  for  the 

air  in  chat,  asiii  thelefs.    The  orange  included  with  water,  tho'  it  were  not 

touch'd  by    it,    was  four  times  more  mouldy,    than  tbt  kept  wiciiout 

water. 

And,  therefore,  in  repeating  this  experiment,  I  put  two  pieces  of  the 
iame  orange  into  two  receivers;  but  rill'd  die  third  part  of  one  of  them 
with  water,  yet  fo,  chat  it  did  not  reach  the  orange. 
yi/ne  I  J.  Neither  of  the  pieces  had  contrafted  any  mouldinefs. 
May  i6.  I  repeated  the  experiment  with  the  fame  fuccefs;  only,  neither 
orange  had  acquired  any  mouldinefs  in  the  fpace  of  more  than  a  mouth ; 
tho',  in  former  experiments,  all  fuch  oranges  grew  mouldy. 

The  caufe  of  the  ditference,  feems  to  be  lome  particular  difpofitlon  of 
the  air. 
^■■«-       (129)  >w  I- [678.  I  put  a  fmallglafs  tube,  half  full  of  Venice  cur- 
p^*      pentine,  into  our  wind-gua  ;  and  had  fcarce  reduc'd  the  air  to  the  tenth 
part  of  its  wonted  fpace,  but  the  leather,  fpread  over  the  elliptic  valve, 
was  driven  out  J  fo  chat,  the  air  haviag  efcap'd,  I  drew  the  glals-cube  out 
of  the  engine,  and  found  many  bubbles  formed  in   the  fuperficies  of  the 
turpentine.   I,  therefore,  fufpedled,  that  the  air  had  pervaded  the  turpen- 
tine ;  and  that  it  would  have  penetrated  deeper  into  it,  if  they  had  remain'd 
longer  tlius  inclos'd  together.    I  plac'd  the  fame  tube  in  the  iame  gun, 
ana  there  left  it  in  air  reduc'd  to  about  the  fifteenth  part  of  its  natural  fpace. 
June  3.  I  open'd  the  engine,  and,  caking  out  the  tube,  found  the  tur- 
pentine almoft  free  from  bubbles ;  yet,  by   d^ees,  many  were  formed 
therein,  in  the  parrs  remote  from  the  fuperricies. 

'June  4.  I  put  new  curpentine  into  the  lame  cube,  and  included  it  in  vacuo^ 
that  it  might  be  the  better  purged  of  air;  then  I  pour'd  the  water  upon  it, 
and  fliut  up  alJ  in  the  wind-gun. 

June  8.  I  xjpen'd  the  engine,  and,  at  firfl:  fight,  both  the  water  and  the 
turpentine  in  the  tube,  feem'd  to  be  very  free  from  bubbles ;  but  foon  after  I 
perceiv'd,  that  bubbles  were  form'd  in  the  turpentine,  and  that    they  as- 
cended by  degrees :    fome  of  them  feem'd  to  be  made,  almoft  at  the   ve- 
ry bottom,  about  half  an  inch  below  the   fuperficies  of    the  turpentine. 
Whence  we  may  conjeiture,  that  all  the  water,  and  fo  great  an  height  of 
the  turpentine,  were  pervaded  by  the  air,  which  formed  thofe  bubbles. 
Sfiik  if Sal-tf-     (130.)  Auguft  II.  16"]^.  I  included  fpirit  of  fal-armoniac,  with  a  mer- 
IlffJIJ'iirwj  bcurial  gage,    in  vacuo;  and  after    the  fpirit  ceas'd  to  emit  any  bubbles, 
-■mm.  J  mix'd  copper-filings  therewith,  which  caus'd  many  bubbles  to  rife  again ; 

but  they  were  fo  far  from  producing  any  air,  that  they  confum'd  what  was 
there  before.     But  the  liquor  became  greenifh  and  turbid. 

Decemb.  j.  The  fpirit  was  almoft  all  exhaled  out  of  the  containing  veflel, 

and,  being  condens'd  in    the  receiver,    remain'd  ilill  turbid,  by  reafbn  of 

much  filth,  which  was  included  there  :  but  that  which  was  not  exhaled  out 

of  the  velfel,  appcar'd  dear  iilre  water.    The  mercury,  alfo,  was  wholly 

I.  Mpell'd 


■*- 


Phyficthmechanical  Experiments.  ^i5x$ 

expdl'd  out  of  the  gage.    Whence  I  con jefhire^  that  the  air  in  the  receiver,  ''"JJJiJ'^^- 
was  gradually  more  confumeci^  ^<^^t\J 

(131.)  Sept.  2.  167S.  I  put  tWo  cylinders,  one  of  tin,  the  other  of  lesidy  Cyiinim  rf  tim 
invacm  ;  their  loweft  parts  were  immerfed  in  mercury  ;  andj,  at  the  i^nieJJj'J^Jj^' 
time,  I  immerfed  two  other  cylinders,  like  the  former,  aner  the  fame  >»  ^acoot  ««i 
manner  in  mercury :  but  thefe  latter  were  left  in  the  free  air.  *•  ***'^  * 

Sept.  6.  I  open  d  the  exhaufted  receiver,  and  the  mercury  in  the  tin  cy- 
linder was  rifen  four  inches  and  a  half,  above  the  fuperficies  of  the  ftag- 
nant  mercury  \  and  cutting  the  cylinder  tranfverfly,  m  the  middle  of  that 
height,  the  amalgam  feem'd  to  have  penetrated  into  the  cylinder,  about  half 
a  line.  And  cutting  the  cylinder  tranfverfly  anin,  in  that  part,  which 
was  diftant  only  one  inch,  from  the  fuperfides  of  the  ftagnant  mercury,  I 
found  the  thicknefs  of  the  amalgam  equal  to  one  line. 

In  the  lead-blinder,  the  mercury  rofe  two  inches  and  a  half;  but,  only 
as  far  as  the  fupcrficies  ;  and  the  very  part,  immerfed  in  the  mercury, 
was  not  penetrated  by  it,  to  any  fenfible  thickiiefs. 

Sept.  7.  I  took  the  tin-cylinder  left  in  the  air,  out  of  the  mercury,  in 
^  which  it  was  immerfed,  and  found  the  mercury  to  have  afcended  to  the 
height  of  five  inches. 

Sept.  lo.  The  fame  cylinder  being  left  in  the  mercury,  feemM  to  be  be^ 
jineared  therewith  to  the  very  top,  fix  inches,  and  more,  above  the  fuper- 
£cies  of  the  ftagnant  mercury.  When  the  cylinder  was  tnnfverfly.  cut  in 
feveral  places,  t£e  mercury  appear^  to  have  pierc'd  the  deeper  into  the  tib, 
.the  nearer  it  came  to  the  ftagnant  mercury ;  &  that  in  the  part  adjacent  to 
the  mercury,  almoft  the  whole  diameter  of  the  cylinder,  three  lines  broa<^ 
was  penetrated  thereby. 

In  the  lead-cylinder,  the  mercury  exceeded  not  the  height  of  three  inch- 
es  and  a  half;  neither  had  it  penetrated  to  any  fenfible  thickneis.  Whence 
it  appears^  that  the  weight  of  the  air,  contributes  little  or  nothing  to  the 
^ent  of  mercury  into  metals. 

(132.)  Decemb.  12.  2578.  Itook  a  finall  whiting,  and  having  cut  oflf  his^«^iVi«rWbi 
jiead,  divided  him  tranfverfly  into  five  pieces ;  the  firft  whereof;  I  included  ^cJ!L^!!i/ 
in  vacua.  The  fecond  in  conunon  air.  The  third  in  air  fo  comprefsM,  2iSi» Xircom-  ^* 
tofuftain  mercury  fifty  inches  above  its  wonted  height.  Thefe  three  re-fi^*,^  ^ 
ceivers  were  clofed  with  fcrews.  The  fourth  piece  was  put  into  a  receiver,*^* «» ^^  'H^ 
full  of  air,  produced  from  pafte,  which  was  prefently  flopped.  The  fifth  *""• 
was  left  in  the  free  air. 

Decemb.  1$.  In  the  morning,  that  part  of  the  whiting,  which  was  left  in 
the  free  air,  began  to  (hine ;  and,  towards  evening,  it  gave  a  more  vivid"^ 
light. 

Decemb.  1 6.  In  the  morning,  the  whiting  left  in  the  free  air,  ceas'd  to 
Ihine ;  but  towards  evenii^'lhone  again. 

Decemb.  17.  This  monung,  the  Sune  part  of  the  whitmg  flione  a  little, 
yet  lefs  than  yefterday  in  the  evening. 

VoL.n.  Llll  .  Decemt. 
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>,ii,j.»T.i!fc      Decentb.t%-  In  the  morning,    there  appeai'd no Ugbt,  tho' I  long  (Hi^  my 

\y^y\J  eyes  upon  the  receiver  in  a  tiark  place;  but  the  night  coming  on,  the  light 

_  appear'd  again. 

b  Decemh.  20.  Hitherto  the  fame  part  of  the  whiting  left  in  the  air,  conii- 

B  nued  to  fliine }  but  all  the  other  parts  did  not  yet  begin  to  do  fo. 

V-  Dtcenil!.  22.  Yeftcrday,  the  light  of  the  whiting,  left  in  the  air,  had  not 

m  quite  ceas'd,  but  this  day  it  appear'd  no  more.  • 

E  Decemb.  34.  The  part  of  the  whiting  in  the  free  air,  entirely  gave  over 

B  fllining;    that  included  in  common    air,    did,    yefterday,    yield    a  faint 

I  light ;  but  this  day  it  ihone  no  more. 

K  Diieml;.i6.  No  more  light  appear'd  in  that  in  the  common  air:    but 

r  the  three  other  pieces  did  not  begin  to  Ihinc. 

'Jan.  2(5.  167?.  1  perceiv'd  no  more  ihining  in  any  one  of  the  receivers. 
iHiS^ltit        033''  -^*S-3'»677-  I  tranfmitted  air,    produc'd  from  cherries,  into  a 
i||h^,  *»J  receiver  fiillof  common  air,  but  lo  ftopp'd  with  a  fcrew,  that  the  mercu- 
^tist'S      j.y  afcended  to  twenty-five  inches  above  its  ufual  height. 
,j(Zi'  il«»  -     Aug.  4.  The  mercury  was  deprels'd  about  two  inches.     The  height  of  it, 
*^  ;^  "^  this  day,  was  only  twenty-three. 
*"**     '  Aug.  6.  The  height  thereof  was  reduced  to  twenty. 

Aug.  7.  The  height  thereof  the  fame. 
Aug.  8.  The  mercury  was  Ibmewhat  deprefs'd. 

Aug.  10.  The  height  of  if  was  nineteen  and  a  half,  above  its  ufual  ftan- 
dard  :   and  perceiving  litile  or  no  alteration,  I  cpcn'd  the  receiver. 

Hence  we  have  a  confinnation,  that  air,  produc'd  from  fruits,  at  the 

be^nning,  is  in  part  deftroy'd  j  but,  that  the  reft  can  very  long  retain  th« 

form  of  air. 

.,         (154-)  Mi^  if.  1676.  I  put  fix  grains  of  fal-armoniac  into  a  receiver, 

l^'J^iU  IS  with  a  fufficient  quantity  of  oil  of  vitriol :  then,  the  air  being  exhaufted,  I 

ff>i(r.v,io«-f3rc'd  down  the  lalt  into  the  oil ;  whereupon,  a  great  ebullition  preiently 

""■  follow 'd,  and  the  mercury  afcended  in  the  gage,  almoft  to  its  wonted  height ; 

but  prefently  after  it  funk  again,  and  return'd  to  its  former  ftate. 

May  27.  1  repeated  the  experiment ;  the  fait  remaining  ten  hours  in  va- 
cuo, before  it  was  put  into  the  oil ;  but  the  ebullition  proceeded  as  before; 
yet,  the  air  was  produced  much  more  flowly,  nor  could  it  wholly  be  de- 
ftroy'd,  in  feven  or  eight  hours  time ;  yet  at  laft  the  mercury  defcended 
to  the  very  bottom. 

May  29.  I  made  the  fame  experiment  again ;  leaving  the  materials  for 

twenty-four  hours  in  vaiuo:  the  ebullition  feem'd  much  lefs,  and  the  air 

was  produc'd,  both  in  a  Icfs  quantity,  and  more  flowly  than  before.     I  ob- 

ferv'd  alio,  that  whilft  the  materials  rcmain'd  in  vacuo,  before  their  mixture, 

the  mercury  came  nearer  tothe  open  end  of  the  gage,  as  if  fome  air  had  been 

either  excTiift-^d  or  deftioy'd. 

Jnii^tiitf        Junei.  1  put  oil  of  vitriol,alone,  into  a  receiver,  in  which,  I  left  only  a 

vittni-ttiihM    fifd,  part  of  ccmmon  air  ;  to  try,  whether  this  oil,  without  fal-armoiiiac, 

oLJ^'tir.     would  diminiih  the  claftic  force  of  the  air  :  but  the  force  of  the  air  was 

iaCreas'dj  and  .Che  mercury  in  one  hour's  time  ieem'd  to  have  afcended  a 

little 
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little  into  the  gage,-  tho',  afterwards,  for  twenty-four  hours  no  change f»»^««AT'c*- 
happened.  ^i^V^^ 

This  experiment  fhews,  that  fome  artificial  air  may  be  deftroy'd ;  but 
why  this  deftruAion  happens,  fometimes  fooner,  fometimes  later,  deferves 
a  further  enquiry. 

Ci35-)  J^y  10.1676.  I  put  pafte,  made  two  da^s  before,  and  ri0V7  tbi  njfkrm  u^ 
grown  fonriil^  into  a  receiver,  and  ftopp'd  k  firmly  with  a  fcrew*  ^''^•^'t^T^ 

In  one  hour,  the  height  of  the  mercury  was  one  inch.  tn^'Li^^iu 

In  feven  hours,  the  tei^ht  of  it  was  fix.  Jf  *«^  "^^ 

yuly  1 1 .  The  height  ot  it  was  eleven.  "^ITiiZwroii 

July  12.  The  height  of  the  mercury  was  twenty-four.  '"'• 

July  ig.  The  height  thereof  was  thirty. 

July  14.  The  hei^t  of  the  mercury  was  fenfibly  greater. 

July  15.  The  mercury  afcended  a  little.  Meafuring  its  height  exaftly, 
I  found  it  thirty-eight  inches. 

July  19.  No  more  air  was  produced  from  the  pafte. 

July  10. 16  J6.  I  put  another  quantity  of  the  lame  pafte,  much  lefs  than  p^jf^'i. 
the  former,  into  an  exhaufted  receiver.  ▼«<»«• 

Tho'  the  quantity  of  the  pafte  was  kis,  yet,  in  one  hour's  time,  the 
height  of  the  mercury  was  two  inches. 

In  feven  hours,  the  mercury  came  ahnoft  to  the  top  of  the  gage  i  but  Ic 
was  a  ihon  one. 


tho^  at  the  beoii      _  . 

[^e  in  common  airr  I  endeavoured  to  &e  it  with  a  boming-glafs,  and 
the  fumes,  elevated  therefrom,  afterwards  falling  upon  the  pafte,  tinged  the 
fuperficies  thereof,  with  a  pleafant  yeUow  colour :  and  that  air  was  thus 
produced,  I  conjeAur'd,  becaufo  the  cover  was  afterwards  eafily  fever'd 
£t>ni  its  receiver. 

Hence  we  learn,  that  air  is  fometimes  generated  much  more  eafily  in 
va(M^  than  in  common  air. 

(135.)  Augufi  2o.  i6j6.  I  put  pafb,  kept  for  24  hours,  int  a  receiver 
full  of  common  air ;  to  which  I  added  new  air,  fo  that  the  mercury  ex«- 
ceeded  its  wonted  height,  four  inches,  and  a  half. 

In  fix  hours,  the  mercury  gained  almoft  4  inches ;  and  its  height  was  8. 
Aug.  a  I.  The  afccnt  of  the  mercury  was  4  and  t- 
Aug.  22.  Xhe  afcent  of  it  was  about  x. 
aj.  The  afcent  of  it  was  half  an  inch. 
^6.  For  three  whole  days,  the  afcent  of  the  mercury  was  only  half 

an  inch. 
ay.  There  was  no  afcent  of  it  at  all. 
ap.  The  pafte,  taken  out  of  the  receiver,  fmelt  acid. 
Augufi  20.  I  put  another  quantity  of  the  fame  pafte  into  an  exhaufted 
receive;,  and  obferv'd  the  &me  proportion  between  the  cjuantity  of  the 
pafte,  and  the  capacity  of  the  veffel,  as  in  the  former  experiment. 

The  merciuy  pxefently  feemed  to  have  afcended.  Its  he^t  was  two 
iocbes    "  LIU  a  ^%* 


I 
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**?ilir'*y     ^"Z-  21-  The  afcent  of  the  mercury  was  j. 
^'^^  12.  The  alcent  of  ic  was  j. 

^^^.  The  afcent  of  the  mercury  was  i, 

16.  For  three  whole  days,  the  afcent  of  it  was  a. 

17.  There  was  no  afcenc  of  the  mercury. 

I  1$.  I  took  oucthepafte,  exhaiifted  of  its  air,  from  the  reccii-er. 

!•  This  experiment  farther  confirms,  that  air  is,  fometimcs,  more  ealily  pro- 

duced in  vacuo,  than  in  common  air. 
UM^uA       (157.)  Sept.  4.  1677.  I  put  the  kernels  of  filberds  into  an  exhaufted re- 
ceiver. 

Sept  J.  The  height  of  the  mercury  was  5  inches. 
Sept.  6')  r  -  - 

7f     The  height     , 
Sf       of  it  was 


^ 


Sept.  lt'\  TiS 

I  if     The  height     jaj 

13Q      of  it  was     yj7 

\.29 


9J  _      «-i5 

Sept.  1  J.  The  height  of  it  was  almoft  the  lame. 

17.  The  height  of  it  was  30. 

18.  This  day  the  air  began  to  get  out  of  the  receiper  ;  for  fome 
bubbles  appear'd  in  the  turpentine,  which  clofed  the  junfhire 
of  the  receiver,  and  cover. 

^fitri-ttf     (138.)  Septemlrer /i.  I  put  kernels  of  filberds  into  a  receiver  With  common 

In  the  afternoon,  the  quantity  of  air  feemed  to  be  leflen*d. 
Sept.  5 .  The  height  of  the  mercury  was  lefs  than  half  an  iodk 
m^  '  "        9.  The  height  of  it  was  the  fame.     »  '     ■'  •■•--^^^^■^n^ 

^^^^    ^'        7.  The  height  of  it  was  i  inch.  'y^"!!-'  --r»*»*'r»*^.*i  ^if 

8.  The  fame  height  continued.  '   - 

18.  The  fame  height  continued. 
This  experiment  confirms,  that  fometimes  air  is  produced  much  more 
eafily  in  vacuo,  than  in  common  air. 
jutifiumth        (139.)  September  ij.  16^7.  I  included  8  ounces  of  raifins  of  the  fun, 
iMiir  w  vMDo.  bruifed  and  diluted  with  a  little  water,  in  an  exhaufted  receiver,  able  to 
hold  32  ounces  of  that  fluid. 

Sept.  16.  The  hei^^ht  of  the  mercury  was  fix  inches. 

Sept.  17  ?     The  height     T  10  I  Sept.  297      The  height    S29 
18  J      ofitwas       I  15  I  20X      ofitwas      Ci9 

Sept.  2 1 .  This  day  1  found  the  receiver  forced  from  its  cover. 
Sept.  24.  I  took  out  fome  of  the  raifins  j  but  thofe  that  remain'd,  I  en- 
clofed  in  the  fame  evacuated  receiver. 

Sept,  n.  The  raifinsforcedthe  receiver,  now  full  of  air,from  rtscover. 
jtnirtifi,iwUb     September  15.1677.  I  put  8  ounces  of  raifins  of  the  fun,  bruifed  and  di- 
"1"  '>      luted  with  a  little  water,  into  a  receiver,  able  to  hold  i%  ounces  of  water  ,- 
**"*"   "*     but  did  not  exhauft  the  air  at  all. 

Sept.  16.  The  mercury  was  tturee  quaners  of  an  inch  above  its-ufual 
height. 
Sept.  17.  The  height  of  the  mercury  was  i  and  a  bali 

18.  The  height  of  it  was  3-  Sept. 
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Sept.   19I  ^    5  I       ^f^'  ^*?  ^  ttVv^vuLrf9. 

20  >Thc  height  of  it  was<  7  23  V 


•The  height  of  it  was<  7  I  23  >The  height  was- 

Permitting  the  air  to  break  out,  many  bubbles  emerged  from  the  raifins. 
This  experiment  furtlier  teaches,  that  air  is  fometimes  much  more  eafily 
produced  in  vacuo,  than  in  common  air. 

(140.)  February  17. 1577.  ^  P^^  three  onions  into  an  exhaufted  receiver,  OmmvknMm  | 
Feh,  19.  The  height  of  the  mercury  was  one  inch.  ^- 

21.  The  afcent  thereof  was  again  i.    The  onions  were  not  altered. 
2  5.  The  whole  afcent  of  the  mercury  was  9.  The  onions  not  altered. 
May  4.  The  onions  had  yet  fuflferM  no  alteration. 

1 8.  Neither  were  they  yet  altered. 
June  19.  I  found  the  receiver  forced  from  its  cover^  and  the  onions 
rotten. 

Feb.  ij.  I  inclofed  3  onions  in  air,  £b  rarified,  that  it  could  fuftain  only^JT"."*  •'*"• 
ten  inches  of  mercury.  *  ^' 

Feb.  19.  There  was  no  afcent  of  the  mercury. 

21.  There  was  yet  no  afcent  thereof.    The  onions  did  not  fprout^ 

but  contracted  a  mouldinefs. 
25.  The  afcent  of  the  mercury  was  about  7  inches. 
The  onions  received  no  further  alteration 
May/^.  The  onions  were  not  alter  d. 

1 8.  The  onions  were  not  yet  altered  ;  but  the  receiver,  by  the  force 
of  the  produced  air,  was  removed  from  its  cover. 
February  17.  I  put  3  onions  in  a  receiver  not  exaftly  (hut.  ^^^,*^ 

21.  They  contrafted  no  mouldinefs,  but  Iprouted. 
25.  They  gradually  took  root. 
May  4.  The  onions  oegan  to  be  mouldy. 

This  experiment  makes  it  probable,  that  fome  bodies  produce  their 
air  not  much  more  eafily  in  vacuo,  than  in  rarified  air. 

It  hence  alfo  appears,  that  vegetation  is  hindered,  not  only  by  the  eva- 
cuation, but  alfo  by  the  rarifadtion  of  the  air. 

It  likewife  deferves  our  obfervation,  that  the  onions,  as  long  as  their 
roots  fprouted,  contracted  no  mouldinefs. 

(141.)  Augufi  2^.  1577.  I  put  bruifed  pears  into  an  exhaufted  xtGArtu iiffkm^ 
ver^  with  a  mercurial  gage.  ^mju  ' 

Auffift  25.  The  he^ht  of  the  mercury  was  five  inches.  fcjr'i*  ^ 

Aug.  26^  Cio  I      Aug.  19^  C2X     yjL^^"^ 

2  7  >The  height  of  it  was<  1 4  I  30  ^The  height  was<  2  5 

28)  08l  30  C28 

Sept.  I.  The  height  of  it  was  30. 

2.  The  receiver  was  forced  from  the  cover. 
Augufi  23.  I  put  whole  pears  into  an  exhaufted  receiver  ;  the  quandty^i^oMfe^rf 
of  the  pears,  and  the  capacity  of  the  receiver,  being  the  fame  with  thoieia  tmm. 
juft  mention  d* 
Aug.  25.  The  height  of  the  mercury  was  xx« 

5*«- 
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ftSi^      Aug.  l(S  X     The  height  J   17     I       '4«g.  a8  X  The  height    f 
kJf^  17  j"     of  it  was       t  ay     I  a?  J      of  it  was      t  , 

1^  ^tfg.  30.  The  mercury  afcended  no  higher  J  the  receiver  being  forced  from 

"  the  cover. 

Thisexperimcnt  feems  to  prove,  that  bruifed  fruits  do  not  produce  air 

kfo  foon  as  entire  ones. 
•/P"      C^4'J  Augup:  14.  1  enclofed  whole  apples  in  vacuo^  with  a  mercurial 
I  gage. 

kAugufii';.  The  height  of  the  mercury  was  y  inches. 
^1/5.  26)  C  sj  I      Aug.  29)  f  19 

27>The  height  of  it  was<  13  3o>The  height  was-^25 

September  i.  The  height  of  it  was  ap. 
3.  The  height  of  it  was  30. 
3.  The  receiver  was  forced  from  the  cover, 
'li^wi^''      Auguji  24,  I  put:  an  equal  quantity  of  bruifed  apples  into  an  evacuattd 
receiver,  of  the  lame  capacity  with  the  former. 
Aug.  25.  The  height  of  the  mercury  was  i  inch. 
I  26.  The  height  of  it  was  ;. 

V  27.  The  height  of  it  was  4. 

t  Sept.'j.  The  mercury  continued  at  the  iame  height. 

T'  25.  The  mercury  alcended  not, 

L  This  experiment  fcems  to  inform  us,  that  bruifed  fruits  produce  air, 

f  flower  than  whole  ones. 

liv^^Mfu     (143.) -4«S"A  ly-  itf77-  I  put  unripe  grapes,  bruifed,  into  an  evacuated 
'  ^Mio-        receiver. 

^w^.  25.  Theheightofthe mercury wasoneinch. 
^  ,"*  ■  27.  The  height  of  ic  was  two  inches. 

28.  The  height  of  it  was  2  and  a  half. 
2j>.  The  heignt  of  the  mercury  was  the  fame. 
Sept.  I J .  The  mercury  did  not  afcend,  but  its  height  remained  at  1  f. 
Alii  nWr  Auguji  2j.  11577.    I  put  whole  unripe  grapes  mto  an  evacuated  re- 

^"'"  ""*""' ceiver. 

Aug.  26.  The  height  of  the  mercury  was  three  inches. 

27.  The  height  of  the  mercury  was  five. 
Aug.  28  7    The  height    f     7    I        Aug.  30  1  The  height  J   12 
29  J     ofitwas      C  JO    I  31  J      of  it  was    \   ij 

Sept.  I.  The  height  of  the  mercury  was  15. 

2.  The  height  of  it  was  16. 

3.  The  height  of  it  was  1 8. 

4.  The  height  of  it  was  the  fame. 

Sept.  J .  The  height  of  the  mercury  continued  the  lame  ;  but  almoft  ail 
-.the  grapes  had  contracted  a  yellow  colour. 

Sept.  J.  The  mercury  relied  at  the  fame  height!  and  aU  the  gi-apes 
■  were  yellow. 

Sept.i^.  Theheight  of  the  mercury  was  twenty. 
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This  cxticiiment  fhews,  that  whole  fruits  produce  air  more  readily  than  ^awAji 
bruis'd.  V^YN 

(144.)  Sept.  10. 1577. 1  put  two  ounces  of  grapes^  not  bruis'dj  into  ^xt^UwUh^ 
ceiver  able  to  hold  ten  ounces  of  water. 

Sept.  II.  The  height  of  the  mercury  was  fix  inches. 
Sept.  127      r^.    ...         C  9  I         Sept.i^}      -     -   .  -         r 20 


\\l     The.height      S,»  ^[Q      The  height     ^'J 


5(p^f.  18.  The  height  of  the  mercury  was  thirty.    The  grapes  were  not 
at  all  altered, 

Sept.  19.  The  height  of  the  mercury  was  the  fame. 

Sept.  20.  The  receiver  was  not  yet  forced  from  the  cover.    The  grapes 
were  not  alterM,  but  appeared  only  a  little  riper. 

•Sp^f.  21.  The  receiver  was  forc'd  from  the  cover^  tho'  nothing  had 
cfcap'd. 

Sept.  2%.  In  the  mornings  the  grapes  b^an  to  rot ;  I,  therefore^  included 
them  again  in  vacuo. 

Sept.  2 i.  The  height  of  the  mercuiy  was  five  inches. 

Sept. 24>       ^^^ u^.„^^      ^  9\         Sept. 27)       r^u^ u.^^^r       ^^o 

27 
8 

OSlob.  10.  The  receiver  was  not  forced  from  the  cover,  till  to-day :  the 

grapes,  by  their  colour,  feem'd  rotten,  yet  kept  their  firmnefs. 

Sept.  10. 1677.  I  included  two  ounces  of  ripe,  bruisM  grapes  in  a  re- -'•^  *'»*'^ 

ceiver  capable  of  holding  ten  ounces  of  water.  ^''^ 

Sept.!!"^  C^lSept.is'y  C15 

" i6f     The  height     ^18 

17C     of  it  was       720  jfc.  • 

18)  C25  .•     \M 


am  m  vacuo. 

S*  The  height  of  the  mercuiy  was  five  inches. 

■I'^l     IJ-eheight     54  "''III     1}^^^     •?'■ 

jj^      rfitwas       ^j*|  l^      of  It  was      ^,, 


i2rThe  height  of  the^  7 
13^  mercury  was  yio 
14^  C12 


Sept.  19.  The  grapes  had  lever'd  the  receiver  from  the  cover,  and  much 
juice  was  fpilt. 

Sept.  70.  I  again  put  the  fame  grapes  into  the  fame  receiver ;  but,  be- 
caufe  they  had  fpilt  their  juice  by  ebullition,  I  did  not  exhauft  all  the  air : 
the  mercury  refted  at  the  height  of  five  inches. 

Sept.  11.  In  the  morning,  the  receiver,  being  now  full  of  air,  no  longer 
adhered  to  the  cover ;  fo  that  I  took  out  the  grapes,  and  tranfmitted  them 
into  another  receiver,  which  I  ftopp'd  clofe  with  a  fcrew,  but  extradted 
no  air  from  it. 

Sept.  22.  The  height  of  the  mercury  was  eleven  inches  1  tho*  the  receiver 
was  able  to  hold  twenty-fix  ounces  of  water. 

Sept.  23.  The  height  of  the  mercury  was  nineteen. 

Sept.  24.  The  height  of  it  was  the  fame. 

Sept.  30.  The  height  of  it  was  twenty. 

otlob.^.  When  the  grapes  produced  no  more  air,  I  took  them  out,  and 
found  them  of  a  bitter  tafte  j  bebg  notyetperfe^ly  ripe. 
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'^^±1^'     This  experiment,  compared  with  that  before  related,  of  unripe  grii>es, 
^  fcems  to  iiuimare,   that  unripe   grapes  produce  lefs  air  when  they  are 

bruis'd,  than  when  whole  ;  but  that  ripe  grapes  do  the  contrary. 
jI'J^j'  (i+^O  ^"*'  J9  1678.  I  put  apples  into  three  evacuated  receivers.  In 
J, in*«Mo.'  the  firil  was  a  Ibund  apple;  in  the  fecond  an  apple  bruis'd,  and  laid 
loofc  in  tile  open  veflcl ;  in  the  third,  was  alio  a  bruis'd  apple :  and  the  cover 
of  this  fo  fitted  the  including  veflel,  that  it  ftraitly  comprefs'd  the  parts  of 
tiic  apple;  but  in  exhaufting  the  receiver,  the  air,  formed  between  the 
parts  of  the  apple,  cxpell'd  all  the  juice. 

fNov.  21.  In  thcfirll  receiver,  the  height  of  the  mercury  was  five  inches; 
in  the  fccond,  three;  in  the  third,  none. 
Ntv.  aj.  In  the  firft  receiver,  the  height  of  the  mercury  was  feven  ;  in 
ilie  two  others  there  was  no  change, 
Decemb."].  In  the  firft  receiver,  the  height  of  the  mercury  waseleven.^., 
There  was  no  alteration  in  the  other  two. 

j?<w.  sj.  The  firft  receiver  was  now  fever'd  from  its  cover,  by  the 
force  of  die  air  produc'd  a-uew.  In  the  two  others  there  was  no  air  gene- 
rated. 

■  A/iy  10.  itfyj).  The  third  receiver  was  forc'd  from  its  cover;  but  the 
iecond  had  produc'd  no  air.  T 

This  experiment  informs  us,  that  bruis'd  fruits  produce  lefs  air  in  vacut,  * 
than  found  ones ;  contrary  to  what  happens  in  common  air.  The  reafon 
whereof,  may,  perhaps,  be  this,  that  fruits  bruis'd  are  very  much  rarify'd 
in  vacuo  ;  whence  the  fevcral  principles,  of  which  they  conlift,  cannot  aft 
Upon  one  another :  but  unbruis'd  fruits,  by  reafon  of  tlie  entircnefs  of 
their  ambient  skin,  fuffer  lefs  rarifaftion. 
It  air  u  (146.)  July  12. 1 1578. 1  puc  tofes  into  two  rcccivers,  tobeftopt  withfcrews. 

ntw  J!I^'.0^^°f  *''^'"  contain'd  common  air  uiicomprirfs'd ;  but  I  intruded  fo  mucii  air 
fitjkmmifinto  the  other,  as  fuftain'd  the  mercury  fixty  inches  above  its  wonted  height. 
-JmMfi      '^"^'  ^'  "^'"^  ^°^^^ '"  ^''^  common  air,  were,  four  days  ago,  tum'd  ycl- 
*fr.  low,  as  if  they  hird  been  withei'd;  but  thofe  in  the  comprefs'd  air,  kepc 

'  their  colour  very  well. 

Feb.  10.  i6-jg.  Thofe  in  the  comprefs'd  air,  retain'd  their  frefli  colour. 
This  experiment,  compar'dwith  thatmade,  laft  year,  with  rofes,  informs 
US,  thattheair,  at  ditfiMtnttimes,  isdiftcrently  affefted;  fo  that  lometimes 
it  hath  a  power  to  hinder  corruption,  and  fometimes  to  promote  it. 
Jul  te  teb>f      (J47')  Mayzz.  Fifteen  days  ago,  I  included  two  equal  quantities  of 
-^-WMH^i.  flowers,  in  two  receivers :  into  one  of  them,  I  thruft  fo  much  air  as  fuf- 
'  tain'd  the  mercurj'  fixty  inches  above  its  wonted  height  s  but  in  the  other, 

I  left  common  air  uncomprefs'd.     The  flowers  were  tuhps  and  larfc-fpurs. 
■Since  that  time  no  raouldinefs  appeat'd,  except,  only,  that  ten  days  ago, 
one  half  of  the  tulip,  in  the  common  air,  being  cut  amnder,  feem'd  fome- 
what  mouldy;  and  now  the  other  half  of  the  fame  tulip  in  comprefi'd  air, 
.  ieem'd^lfo  a  little  mouldy. 

Some  of  the  flowers  feem'd  as  frefli,  as  when  firft  put  in;  efpecially  thofe 
in  the  common  air  ;  but  in  the  comprefs'd  air,  they  fecm'd  moifter. 
.^         ,        '  June 


1 

I 
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June  22.  No  more  mouldinefs  Appear M  :  whence  we  have  it  confirm M,^*JiSt5J^ 
that  the  air  is,  fometimes,  unfit  to  produce  mouldinefs  i  fince,  laft  }  ear,  ^^^jhAm^^ 
this  kind  of  flowers,  contra Aed  a  great  mouldinefs.  wi^mmif 

(148.)  Apt.  4.  l6^%.  I  expofed  one  dram  of  minium,  in  an  open  glafs, ^  J^i/i^ 
to  the  fun* beams,  concentrated  by  a  buming-glafs  j  and  found  that  it  uAt^^ ft^ti. 
^  gram  of  its  weight,  though  much  of  the  minium  had  not  been  touchM  by^^i^S^ 

die   rays.  Ut$rttoinam 

(149.)  Sept.  6.  I  took  calcined  coral,  and  endeavour *d  to  calcine  it  fur-?75..  . 
ther,  by  the  rays  of  the  fun,  in  a  fealed  glafs;  and  the  whitenefs  of  xht  in  mikATlte. 
calx  was  fbmewhat  increafed  hereby. 

Sept.  10.  I  expofed  the  fame  coral  again  to  the  fun-beams,  in  the  fame 
giafs  hermetically  fealed,  for  two  whole  hours  ;  and,  then  weighing  the 
glafs,  found  it  had  lofl  about  t^  part  of  a  grain,  fince  it  was  fim  fealed.  ^^^  ^^^  . 

(150.)  May  23.  I  out  calx  of  tin  in  a  light  glafs  vial,  hermetically  fealed,  H0,  mmimm. 
and  weigh'd  it  exaaly :  afterwards  I  expofed  it  to  the  beams  of  the  fun,  *^ '****'• 
for  a  k)ng  time,  by  the  help  of  a  large  lens ;  then  the  glafs,  being  again 
weigh'd,  feemed  to  have  loft  -ti:  part  of  a  grain  of  its  weight. 

May  29.  I  repeated  the  experiment  with  minium,  infteacf  of  calx  of  tin, 
and  the  lofs  of  weight  came  to  T-f  part  of  a  grain. 

May  30.  I  endeavoured  to  calcine  the  fame  minium  again,  but  fuch  plen- 
ty of  air  was  produced,  that  the  glafs  broke,  with  a  gr^t  noife,  into  an       "     !^  ' 
hundred  pieces. 

June  6.  I  made  the  fame  experiment  again  with  minium ;  and  then  77 
part  of  a  grain  was  wanting  of  the  weight. 

Attempting  again  to  bum  minium,  ^e  glafs  alfo  broke. 

July  I  $ .  I  ufed  wood-coals  for  the  fame  experiment,  but  the  fun  did 
not  at  all  affeA  them. 

July  20.  I  expofed  Sulphttr  vhrnm^  to  the  beams  of  the  fun,  in  the  fame 
manner  ;  and  dx)'  it  was  eafily  melted,  and  emitted  many  fumes,  yet  I 
found  no  change  at  all  in  the  weight. 

Aug.  I.  I  kept  the  fame  ^ial  ftill,  with  the  flower  of  fulphur ;  and  often 
expofed  it  to  the  fire  of  the  buming-glafs,  without  danger  of  being  bro- 
ken ;  becaufe  fulphur  produces  no  air :  the  fiimes  rofe,  and,  at  firft,  the 
fulphur  bubbled  ^  but  the  weight  remained  the  fame. 

(1 51. )lVbv.  6.K  piece  of  roafted  rabbet,  being  exa£Uy  clofed  up,  inan^«M«'««* 
exhaufled receiver,  was  two  months,  and  fome  tew  days  after,  taken  owt^^^fi^ft^c^^ 
without  appearing  to  be  corrupted,  or  fenfibly  altcr'd,  in  colour,  tafte,  ov^^^^^Ma. 
fmeU. 

(152.)  March  II.  A  fmall  glafs  receiver,  being  half  fill*d  with  pieces &^«i. 
of  white  bread,  was  exlmufted,  and  fecured. 

April  I.  The  receiver  being  opcnM,  part  of  the  bread  was  taken  out, 
and  appeared  not  to  have  t^n  impair d  in  that  time;  onljr  the  out-^ 
fide,  of  fome  pieces  of  crumb,  feem'd  to  be  a  very  little  lels  foft  and 
white,  than  before.  There  appeared  no  drops,  or  the  leaft  dew,  on 
the  infide  of  the  glafs.  The  remaining  bread  was^  iigab>  fecured  fooa 
after. 
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■  April  18.  The  bread  was  taken  out  ajgain,  and  caftcd  much  at 
t  did  the  laft  time ;  tlic  cruft  beiii?,  alfo,  ioft,  and  no  drops  of  water 
appearing  on  the  in/ide  of  the  glafs. 

*■  (15  3'^  Ma/i/j  ^.  I  open'd  a  fmall   exhaiifted,  and    fccured  recdrer, 

wherein,  about  three  months  ago,  we  had  included  fome  milk,  which  was 
well-colour 'd,  and  turn 'd,  partly,  into  a  kind  of  whey,  and,  Mrtljr,  into 
a  kind  of  foft  curd.  The  tafte  wns  not  oftenfive,  only  a  little  fourifli,  bke 
whey ;  nor  the   fcent  fctid,  but   fomewhat  like  tlut  of  fourifli  milk. 

!»■  C1J4O  !^i^'f'  s-  Violet-leaves,  put  up,  freed  and  fecured  from  air,  be- 

ing open'd,  Jipril  7.  appear'd  not  to  have  chang'd  their  (hape,  colour,  or 
confidence  ;  bui  their  odour  could  not  be  well  judg'd  of  ;  becaufe  he  who 
included  them,  had  cruOi'd  many  of  them  together,  in  thrufting  them 
down;  finte,  by  fucb a  violation  of  their  texture, 'tis  natural fca:  violets 
to  lofe  their  fragrancy,  and  acquire  an  earthy  fmfll. 

(155.^  Having  careuiUy  placed  fome  violets  in  an  exhauAed  receiver,  of  a 
convenient  fue,  and  bigneis,  and  fecur'd  it  from  immediate  commerce  with 
the  external  air  ;  after  Icven  months,  we  look'd  upon  them  again,  and 
found  they  were  not  putrefied,  or  refolved  into  any  mucilaginous  fubftance, 
but  kept  their  (hape  entire;  fome  of  them  retaining  their  colour,  bat  more 
of  them  having  fo  loft  it,  as  to  look  like  white  violets. 

9*1  »M-        (iS(S.)  I^ov.  J.  We  convey 'd  into  a  conveniently  fhaped  receiver,  fbnre 

'  ounces  of  fhcep's  blood,  taken  from    the  animal,  kill'd  that  a&eraaoa. 

I  After  the  exhauftion  of  the  air,   during  which,  numerous  bubbles  were  ge- 

nerated, that  made  the  liquor  iwetl  considerably  ;  the  included  blood  was 

'  kept  in  a  warm  place  for  twenty  days  ;   and,   during  one  or  two  of  the 

£rft,  the  blood  feemed  to  continue  fluid,  and  of  a  florid  colour  ;  but  aiicr- 
wards,  degenerated  into  one,  that   tended  more  to  blackneft. 

^  -  Nvv.  25.  We  Ice  in  the  external  air  ;  and  the  gla£Sj  containing  tJie  blood, 

being  held  in  a  light  place,  the  greateft  part  of  the  boctom  en  it  &ein'd 
CO  be  thinly  overlaid  with  a  coagulated  fubftance,  of  a  higher  colour  cfaan 
what  fwam  above  it ;  which,  though  it  appear'd  dark,  and  almoft 
blackifh  in  the  glafs,  whilft  view'd  in  the  bulk,  yet,  if  it  was  ihook,  thofe 
parts  of  ic  that  fell  dowti  along  the:  inOde  of  the  glafs,  a[^ear'd  of  a  deep 
fair  colour.  Bur,  whilft  the  blood  continu'd  in  the  glais,  it  was-  fimpos'd 
not  to  ftiak;  fince,  even  when  it  was  pour'd  out,  cho*  its  fceitt' fcein'd, 
to  me,  fomewhat  ofFenfive,  yet,  to  others,  it  feem'd  to  fmell  like  the  blood 
of  a  dog,  newly  kill'd. 
>(«-.  (iJ7-)  March  17.  Some  cream  being  put  up,  and  iecur'd  in  an  ei- 

haulled  receiver,  appear'd,  a  year  after,  to  be  more  thick^  and  almoft  like 
butrer,  at  the  top,  than  in  other  parts ;  and  afterwards,  by  being  well 
Ihakea  together,  in  the  glafs,  it  was  eafily  enough  reduced  to  butter,  wbofe 
butter-milk,  by  the  judgment  of  thofe  who  were  more  ufed  hereto  than  I, 
appear'd  not  different  from  ordinary  butter-miik  ;  and,  I  found  it  had^ 
like  that,  a  grat^l  fournefc.  Ihe  butter  was  judg'd  to  be  a  little 
fourer  than  ordUtfuy>,  but  was  not,  as  they  fpeak,  made. 
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(i  58.)  Fet.  iS.We  look'd  upon  three  vials,  that  had  beta  exhaufted,  and  fe-*^^»j:j^^ 
cured  Sept.  1  j  laft  ;  the  one  of  thefe  had  in  it  fome  dices  of  roafted  beef,  B!^fUc/^ 
the  other  fome  ihivers  of  white  bread,  and  the  laft  fome  thin  pieces  of 
cheefe ;  all  which,   fcem'd  to  be  ^  free  from  putrefaftion,    and  look'd, 
much,  as  when  they  were  firft  put  in  ;  we,  therefore,  let  not  the  air  into 
the  receiver,  but  left  them,  as  they  wer^  to  prolong  the  experiment. 

(159.)  Fii.  18.  There  was  a  fourth  vial,  wherein,  about  fix  months  be- I7ttp.fi. 
fore,  had  been  inclosed,  and  ieCured  fome  july-flowers,  and  a  rofe ;  yet, 
thefe  being  kept  in  the  iame  place  with  the  reft,  tho'  they  feem'd  a  little 
moift,  retained  their  (hape  and  colour,  efpecially  the  rofe,  which  locked, 
as  if  it  had  been  hitely  gathet'd.  We  obferv'd,  in  none  of  thefe  four  re- 
ceivers any  great  drops,  or  fb  much  as  dew  in  the  parts  fituated  above  the 
included  matter. 

(160.)  June.^.  We  left  fome  ftrawberries  in  an  exhaufted  receiver,  and  ih'-wh^erwi. 
coming  to  look  upon  them  after  the  beginning  of  Nyvemter^    we  found 
them  to  be  difcolour'd,  but  not  alter'd  in  fliape,  nor  mouldy  \  we,  there- 
fore, left  them  ftill  in  die  receiver  for  further  trial. 

(i6i.)  Majx.  1669.  A  piece  of  roaft-beef,  fecur'd  Seftetnber  ij.  laft,  ap- ^W^,  &c. 
pear*d  to  be  not  at  aU  alter  d  j  no  more  did  a  piece  of  cheefe,  fecured  in  an- 
other receiver,  and  fome  pieces  of  a  French  roll,  fecured,  on  the  lame  day, 
in  a  third. 

Flowers,  feal'd  up  Augu/i  12. 166S,   being  this  day  looked  upon,  ap- 
peared frefli. 

(162.)  June  17.  A  pint  of  fmall  beer,  being  put  into  a  conveniently  ftMfl-Actt-. 
fliaped  glafs,  afterwards  exhaufted,  and  fecured  n:om  the  air ;  the  moft  part 
of  Augufi  proving  extraordinarily  hot ;  towards  the  latter  end^  there  was, 
at  feveral  times,  great  thunder,  which  tum'd  the  beer  in  our  cellar,  and  in 
moft  of  thofe  of  the  neighbourhood,  lour.  Seft.  i.  The  beer  was  open'd, 
but  did  not  feem  to  be  four. 

(163.)  To  try,  whether  the  thunder  would  have  fuch  an  e&ft  upon  ale,  M$. 
exadlly  ftopt  in  glals  veflcls,  as  it  often  has  on  it  in  ordinary  casks  j  I  caus'd 
fome  ale,  moderately  ftrong,  to  be  put  into  a  conveniently  ihaped  receiver, 
and  having  exhaufted  the  air,  and  Iccur'd  the  glafs  veflcl,  'twas  put  into  a 
quiet,  but  not  a  cool  place.  About  fix  weeks  after  the  liquor  had  been  in- 
dos'd,  there  happen  d  fome  very  loud  thunder;  and  our  beer,  upon  this,  tho* 
the  cask  was  kept  in  a  good  cellar,  being  generally  noted  to  have  been  tum'd 
four ;  I  ftay'd  yet  a  day  or  two  longer,  that  the  operation  upon  our  included 
liquor  might  be  the  more  ceitain  and  manifeft ;  and  then  taking  out  the  ale, 
found  it  good,  and  not  at  at  all  four'd. 

(164.)  Some  black-berries,  included  in  an  exhaufted  receiver,  Seft.2i.BU9k4!ffim. 
1670.  were  open  d  June  20. 1^73.  and  found  free  from  all  mouldinefs,  and 
ill  fcent ;  only  there  was  fome  lour  liquor,  which  being  taken  out.  the 
berries  were  fecur'd  again.  At  the  fame  time,  another  parcel  of  the 
fame  berries  was  exactly  clos'd  up  in  a  receiver,  whence  the  air  was  not" 
pump'd  'y  but  coming,  O£iob  1 1^  1673.  to  look  upon  the  glafs,  we  found  it 
crack'd,  and  the  fruit  all  coverM  with  a  thick  mould.    Nor  was  this  the 
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'""*i;^«*'only  veflel,  wlierein,  trials  raatie  to  prefcrve  fruits  without  aoy  exhauftion  cf 
^-^^^^  the  air,  mifcarried. 

O^ob.  1 1.  td74.  The  former  berries  in  vacuo,  being  look'd  upon,  appi;ar'd 
^^_         much  lefs  black  than  before  j  but  did  not  feem  putrefy 'd,  either  by  iofs  of 
^H         fliapc,  or  by  any  ftinking  fmell  i  nor  was  the  leaftmouldinefsobferv'd  upon 
1^^         them,  tho'  they  had  been  kept  in  the  lame  receiver  for  above  four  years. 
**  (it's-)  S'""^  *4-  ^^"^  pi"^  ^  convenient  quantity  of  ale  into  a  bok-head, 

and  feal'd  it  up  hermetically ;  tlie  next  year,  'July  5.  we  broke  off  the  feal, 
and  found  the  liquor  very  good,  and  without  any  feniible  Iburnefs.  The 
next  day,  it  was  Jeal'd  up  again,  and  fet  by  for  thirteen  months  ;  when,  the 
neck  of  the  glafs  being  broken,  the  ale  was  found  four.  We  fee,  how- 
ever, that  a  fmall  quantity  of  ale  was  preferv'd  good,  at  leaft,  above  a 
year;  which  is  much  longer,  than  that  liquor  ufually  keeps- 
*«*•  (i<56.}  "June  14.1^70-  In  a  large  bolt -head,  we  hermetically  feal'd  up  a- 

boveapintof  FrefffA  claret,  which,  when  wc  came  to  look  n^on'July  5.  itfyi. 
g~  appeared  very  clear  and  high  colour'd,  and  had  depoiiced  a  large  lediment 

^^1  at  the  bottom  of  the  glafs,  but  faften'd  no  tartar,  that  we  could  perceive, 
^^^L  to  the  fides.  Upon  breaking  the  feal'd  end  of  the  glafs,  we  thought  there 
^^^W  was  an  eruption  of  included  air,  or  ileams ;  and,  high  above  the  iurface 
^^B  of  the  wine,  there  appear'd  a  certain  white  linoke,  amioft  like  a  mift,  and 
^^^^  then  gradually  vanilh  a :  the  wine  continu'd  well  rafted,  and  was  a  little 
^^m        rough  upon  the  tongue,  but  not  at  all  four. 

^^H  The  bolt-head  was  feal'd  up  again  'July  6. 1671.  and  fet  by,  till  Aiipift 

^^H  j.ifi?!.  at  which  time  it  was  open'd again,  and  the  wine  ftill  tailed  veiy 
^^■'    well. 

June  z6. 1^73.  The  bolt-head,  with  the  fame  claret,  being  open'd,  was 

found  very  good,  and  feal'dup  again.    O^olr.  11. 1674.  the  fame  wine  was 

open'd  again,  and  appcar'd  of  a  good  colour  ;  it  was  not  four,  but  icem'd 

fomewhat  lefs  fpirituous,  than  otTier  good  claret ;  perhaps,  becauie  of  the 

cold  weatlier. 

B^itipriftn'i     (itf?)  Aug.j.i6j8.  I  included  two  apricocks  in  two  receivers,  one  of 

,B«-w^y  li-^rhich    was  exaftly  fiU'd  with  bruis'd  raiuns  of  the  fun,  and  with  water  ; 

^fricttin  iniib  but  in  the  Other,  there  were  only  lodg'd  a  few  raifins,  fo  that  the' apricock 

J"^'"""^"'was  not  touch'd,  by  them,  or  their  moifture. 

Sept.  10.  I  took  cut  the  apricock,  inclos'd  with  the  water;  and,  whilft 
the  air  brcke  out,  the  fruit  bubbled  very  much  :  the  raifins  had  loft,  almoft 
all  their  tafte,  but  the  apricock  preferv'd  a  pleafant  relifh  ;  and  feem'd 
more  pleafant   than  fuch  fruit  ufually  is  at  that  feafon  of  the  year. 

Pd. 10. 1678.  The  apricock,  inclos'd  without  water,  kept  its  colour 
and  figure,  only  feem'd  to  have  loft  its  firmneft. 

This  experiment  informs  us,  that  the  tafte  of  fome  fruits  may  be  pre- 
fen'd  in  an  infufion  of  raifins  of  the  fun;    at  leaft  in  veffels  able  to  refift  a 
great  compreftiire  of  the  air. 
vtMAn-  (^^^-^  Sept.  I  J.  1678.  I  included  peaches,  with  an  infiifion  of  raifins, 

'  !.>«  ef  ".  in  two  receivers,  fliut  with  a  fcrew. 

StpL 


Seft.%1.  Too  great  a  quantity  of  air  prcducl^KTOT^ot  cnc  rci;civ«Ad,  ^M7 

expcird  fotnejpan  of  the  \Kfaxxt.    The  other  receiver  retained  its  liquor*       ^^HTV 

Seft.  27.  The  receiver,  out  of  which  the  hqnor  was  ezpeird,  loft  fome 
snore  of  it ;  fo  that  a  fifth,  or  (ixth  part,  now  feemM  empty :  but,  fetting 
the  fcrew,  the  liquor  was  then  preferv'd.  The  other  receiver  remained  uu* 
alterU 

Sep.  26.  The  fame  receiver  b^n,  again,  to  leak,  and  run  over  :  I  fet 
the  icrew  again. 

Nm.  27.  Our  receiver,  hitherto,  feem*d  to  be  exaftly  (hut;  but  now  L 
open'd  it;  and,  whilft  the  air  was  getting  out,  the  peaches  bubbled  very 
much :  one  of  them,  which  was  of  that  fort  whereto  the  ftone  ufually  ad- 
heres, prefervM  its  firmnefs,  and  a  pleafant  tafte  ;  but  the  other,  being 
of  the  yellow-colour'd  kind,  was  very  foft ;  yet  the  tafte  thereof  feemM  t© 
be  more  pleafant  than  of  the  other.    The  liquor  was  very  grateful. 

DecenA.  28.  The  other  receiver  feem'd  unaltered  j  but,  when  I  open'd 
it,  innumerable  bubbles  immerg'd  from  the  liquor,  and  from  the  peach. 
The  peach,  on  one  fide,  had  prelerv'd  its  firmneis  ;  on  the  other,  it  had 
loft  it :  but  the  whde  was  grateful  to  the  palate,  tho'  fomewhat  fharp. 

This  experiment  feems  to  teach,  that  hquors  may  grow  four,  tho'  no' 
^irits  have  evaporated  from  them. 

(159.)  September  2a  I  included  peaches,  with  unripe  grapes,  in  two  re-  '«*«*•'  ^'^^ 
ceivers,  and  filled  them  exactly ;  the  one  with  apples  bruiied  to  the  con-  il'jf^i  h^jii, 
fiftence  of  a  pultice ;  and  the  other,  with  an  infufion  of  raifins  of  the  fun.   tf '*«y»'' 

Seft.  25.  The  receiver,  fill'd  with  pulp  of  apples,  hitherto  feem'd 
unaltered ;  but,  in  the  other,  the  air,  which  was  generated,  had  thruft 
out  half  of  the  containVi  liquor,  and  impel'd  the  mercury  into  the  sage, 
to  the  height  of  xoo  inches;  wherefore,  I  open'd  the  receiver,  and  the 
peach,  whilft  the  air  got  out,  was  almoft  reduced  to  the  confiftence  of  a 
pultice :  the  tafte  of  it  was  pleafant. 

I  put  another  peach  into  the  fame  receiver,  and  fubftituted  a  new  in- 
fufion of  raifins  of  the  fun,  inftead  of  that  which  was  loft. 

Sept.  2d.  The  mercury  rofe  to  30  inches  above  its  ufual  height. 

Sept.  27.  The  height  of  the  mercury  was  72. 

28.  The  height  of  it  was  90.    The  liquor  workM  out. 

30.  The  fame  heicht  remained ;  but  the  liquor  was  all  efcaped. 

OElober  i.  All  the  air  had,  alfo,  efcaped;  wherefore,  opening  the  re- 
ceiver, I  found  the  peaches  very  foft,  but  of  a  pleafant  tafte. 

OSiob.  3 .  The  receiver^  filled  with  the  pulp  of  apples,  had  loft  no- 
thing ;  but  now  I  perceived,  that  almoft  all  the  juice  of  the  apples  had 
runout:  I  open'd  the  receiver,  and  found  its  contents  very  much  fer- 
mented.   The  peach  was  very  foft,  but  not  unpleafant  in.  taftfe. 

This  experiment  informs  us,  that  fruits  cannot  be  long  kept  in  pulp  of 
apples,  becaufe  of  the  great  production  of  air ;  tho'  that  happens  a  little 
later  in  the  infuficm  of  raifins. 

(170.)  Sept.  23.  157&.  I  included  peaches,  with  crude  grapes,  in  ^"^^^'^J^JUJj^ 
receivers ;  one  of  which  was  exactly  fiUM  with,  pulp  of  applet,  the  other  f«l^y  Tj^jJc* 
with  unripe  grapeSj  |l>ruifed.  OthL 


M'-  ^..rtTuO  aicdStjon  ;  bm  the  other,  was  empty  of  liquor  :  this,  therefore,  I 
open'd,  and  found  one  of  the  peaches  to  have  retain 'd  its  firmnefs  tad 
talle  J  but  the  other  had  loft  its  firmneis,  yet  retained  a  graceful  cafle. 

ff^.j.  1 679.  The  receiver^  containing  the  pulp  of  apples,  feem'd  unalter'd: 
I  open'd  it,  and  the  great  ebullition  which  arofe  thereupon,  manifcfted, 
that  a  great  comprcifion  of  the  air  was  made.  The  pulp  of  apple*,  and  the 
peach,  retain'da  grateful  tafte,  but  fomewhat  more  pungent  than  ordinary. 

This  experiment  (hews,  that  juiceof  crude  grapes  cannot,  conveniently, 
beufedforthe  prefervation  of  fruits,  by  reawn^^f  the  too  great  produ- 
ftion  of  air. 
mM      C»7')  •Sf/'Ms-  HS78.  1  included  two  pearSi  oUled  biucter-pears,  in  a 
.1;^  receiver,  exaftly  fiU'd  with  pulp  of  apples. 

Sept.  38.  I  perceiv'd  no  alteration  in  the  height  of  the  mercury. 

Offci.  5 .  The  mercury  was  now  rifcn   i  j  inches. 

O^ot.  6.  The  height  of  the  mercury  was  above  iS. 

OHob.  12.  The  mercury  was  not  changed. 

Oilob.  20.  Three  days  ago,  the  mercury  was  deprefled,  though  nothing 
had  efcaped. 

IOiiob.  26.  This  day  the  receiver  was  crack'd ;  though  I  did  noc  find 
that  the  air  was  comprell'ed  within  it ;  but,  perhaps,  the  fcrew  was  fet 
too  high.     The  pulp  of  the  apples  was  of  a  very  grateful  tafte  ;  fo  were  the 
(.      pears,  tho  foft,  and  one  of  them  inchned  to  rottcnnefs. 

Perhaps,  the  crack  in  the  receiver,  was  the  caufe  of  fo  licde  air  being 

produced  in  this  experiment. 

■«V«i     (172.)  Oiivb.  I.  1678.  1  inclofed  peachesin  two  receivers  ;one  ofwhich 

_^^{^  was  filled  with  pulp  of  apples,  and  the  other  with  unripe  grapes,  bruifed- 

/*i«i.  OBob.  J.  Much  air  was  produced  in  the  fecond  receiver,  and  fome  of 

tlje  juice  ran  out.      The  height  of  the  mercury  was  64  inches. 

OSiob.6.  The  juice  continu'd  to  run  out :  the  height  of  the  mercury 
was  70. 

otitib.  8.  Now  the  juice  feem'd  to  be  all  run  out  of  the  rccaver ;  and 
the  height  of  the  mercury  was  8<5. 

OElob.  11.  The  mercury  remain'd  at  8(S. 

0£7ofi.  18.  The  receiver,  emptied  of  its  juice,  held  the  air  very  well; 
and  the  mercury  in  it  reftedat  8(S.  The  other  receiver,  filled  with  pulp 
of  apples,  had,  forthefe  five  laft  days,  fufler'd  fome  juice  to  flow  out. 

Decemb-  4.  I  open'd  the  receiver,  nll'd  with  pulp  of  apples  ;  and  tho*  all 
the  juice  was  gone,  yet  it  ftill  retain'd  the  air,  very  much  comprcfled ;  and 
many  bubbles  broke  out,  not  without  noife,  after  the  receiver  was  efiiite 
open'd.  The  peach  was  very  foft,  and  of  a  pungent  tafte,  like  to  that  of 
ftrong  wine. 

'Jan.  21. 1679.  After  the  etfufion  of  the  juice  in  the  other  receiver,  the 
mercury  refted  at  the  fame  height.  I  open'd  the  receiver  ;  the  peaches 
emitted  many  bubbles,  and  were  wrinlded,  but  their  colour  was  little 
changed  :  their  tafte  was  moft  pungent,  and  inclining  to  acid. 

This 
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(173.)  OElob.  4. 1^78.  I  put  peaches  into  three  receivers;  the  firft  ef^^;|^T|]jy 
which  was  fitted  witb  «le;    the  feoond,  with  hopp'd  beer  ;  the  tYntd^iUvMtbsii^ 
withwiie-  hur.Mamm. 

0£loL  5 .  The  height  of  the  mercury,  in  the  firft  recdfver,  was  1 5  ;  in  the 
fecond,  10  ;  id  the  riiird,  9. 

OHok  6.  The  height  of  it^  in  the  firft  receiver,  wis  a;  ^  in  the  fecond, 
15.*  in  the  third,  20. 

OSM.  8.  The  height  of  the  mercury,  in  the  firft  receiver,  was  35  s  in 
the  fecond',  I  y;  ifl  the  third,  lo.       - 

OBah.  12.  The  height  in  the  firft  receiver,  was  53  ;  in  the  fecond,  i;; 
in  the  third,  28. 
15.  The  height  of  the  mercury,  in  the  firft  receiver,  was  81  ^  in 

in  the  iecond,  i;  ;  in  the  tl^rd,  30. 
i6k  There  was  no  more  change  percdred  in  any  of  the  three 

receivers^ 
X  8.  The  mercury  rather  defcended,  than  afi:ended  in  all  the  three, 
aa.  In  the  wine,  only,  the  mercury  afcended,  or  defcended,  ac- 
cording to  the  degrees  of  heat  and  cold. 
24.  The  height  of  the  mercury,  in  the  firft  receiver,  was  96  ;  in 

the  fecond,  1$  ;  m  the  third,  30. 
30.  The  height,  in  the  firft  receiver,  was  115;  in  the  Iecond,  20  ; 
in  the  third,  30. 
Nov.  3.  The  he^ht,  in  the  firft  receiver,  was  rx7 ;  lii  the  fecond,  20; 
in  the  tmrd,  30; 
6.  The  height,  in  the  firft  recover,  was  120 ;  in  the  fecond,  3 1 ; 
in  the  third,  ^i. 

XI.  The  height  of  the  mercury,  in  the  firft  receiver,,  was  105  ;  in 
the  fecond,  3 1 ;  in  the  thiid,  28. 
The  wcapher  was  cold. 

Nw.  16.  The  height  of  the  mercury  was  the  fame.  The  peach,  which 
hitherto  lay  at  the  bottom,  now  mounted  to  the  upper  part  of  the  liquor, 
in  the  fecond  receiver  j  the  reft  ftaid  at  the  bottom. 

Nov.  25.  The  he^^,  in  die  firft  receiver,  was  140  inches  ;  in  the  fe- 
cond, 47  ;  in  the  third,  3.2. 

Phv.  28.  The  height,  in  the  firft  receiver,  was  96  ;  in  the  fecond,  35  ; 
in  the  third,  28.    It  was  very  cold  weather. 

Dectmb.  13.  The  height,  in  the  firft  receiver,  was  96:  in  the  fecond, 
47  ;  in  the  third,  33.    I  openM  the  third  receiver,  and  round  the  peach 
firm,  and  of  a  laudable  colour ;  but  it  had  contra£)ted  much  of  itstafte 
from  tiie  wine,  and  might  yet  be  improved  by  fiigar.     The  wine,  alfo,  . 
was  grateful  to  the  palate. 

Decemb.  30.  The  neight  of  the  mercury,  m  the  firft  receiver,  was  96 
inches  i  in  the  fecond,  47.  I  opened  the  firft  receiver  i  when,  the  peaches, 
whidi  had  lain,  till  then,  at  die  bottom  of  the  liquor,  prefently  emerged  to 
the  upper  part,  and  emhted  many  bubbles :  the  tafte  of  the  ale,  of  which 
they  had  gready  panook,  became  pleafant^  widi  fugan  Hence 
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■"j^"*-    Hence  fermented  liquors  may  be  ufeful  for  the  prefervation  of  finits, 
^^f^  as  being  untie  to  produce  air. 

(174.)  Sei't.  J,  1678.  I  included  one  whole  petch,  with  another  cat  to 
pieces,  in  a  receiver  ;  into  which,  1  afterwards  poured  old  wioe,  till  it 
was  exaftly  fiU'd,   and  then  (hut  it  with  a  icrew. 

Nov.  10.  Nothing,  hitherto,  feem'd  to  be  alter'd  ;  but,  this  day,  I  pcr- 
cciv'd  fome  of  the  wine  run  out. 

Nov.  JO,  A  third  part  of  the  wine  was  loft. 

Decemb.  8.  The  wine  beginning  again  to  run  out,  and  there  being  but 
tittle  of  it  left,  I  open'd  the  receiver,  and  found  the  peaches  very  much 
fermented,  yet  of  a  grateful,  but  moft  pungent  tafte.  The  wine,  aifo, 
was  pleafant. 

From  this  experiment,  compared  with  the  third  receiier,  in  the  former, 
we  may  conjeiflurc,  that  wine  hinders  the  fermentation  of  peaches,  if  ufcd 
in  a  fufficient  quantity  ;  but  here  the  quantity  was  not  iufficient,  becaufc  the 
pieces  of  the  cut  peach  fill'd  the  whole  receiver,  fo  that  no  room  was  left 
for  the  wine,  but  in  the  interftices. 

(175.)  OBob.  II.  167S.  Iputtwo  unripe  peaches,  one  whole,  the  other 
cut  to  pieces,  into  a  receiver  fill'd  with  hopp'd  and  fermented  beer,  M 

O^fob.  12.  In  one  night's  time,  the  mercury  afcended  three  inchfiS-        H 
.  O£iob.  i;.  The  height  of  the  mercury  was  15.  H 

^^^H^  i6.  The  height  of  it  was  15.  .fl 

^^^^■*  18.  Theheight  of  it  it.    It  was  very  cold  ^| 

^^^^m  20.  Theheightof  it  remained  at  i£.  H 

^^^^m  *  i%.  The  mercury  aicended  again.    The  cold  abated. 

^^^^  Nov.  a.  The  height  of  the  mercury  was  20. 

^^  3.  The  mercury  defcendcd  a  little.     It  was  cold  weather. 

6.  Theheightof  the  mercury  was  a8.  The  weather  grew  hotter. 
8.  TTie  height  of  it  was  jj. 

11.  Theheight  of  the  mercury  was  40. 

12.  The  height  remained  at  40.    Somcof  the  beer  work'd  our. 
i6.  The  height  of  it  was  46. 

19.  The  height  of  it  was  43.    But  qiuch  of  the  beer  was  lo&-' 
21.  The  mercury  afcended  not,  but  the  beer  continued  to  work 

out. 
2  3 .  When  the  beer  was  almoft  all  work'd  out,  I  open'd  the  reco- 
ver, and  Ibund  the  peaches  very  foft,  yet  of  a  grateful  tafte ; 
tho'  they  were  kept  for  5)  hours  in  the  free  air,  Mter  the  recei- 
ver was  open'd. 
"From  this  experiment,  compared  with  the  fecond  receiver,  we  may  in- 
fer, that  beer  hinders  the  fermentation  of  peaches,  and  the  produftion  of 
air,  if'  ufed  in  a  fufficient  quantity :  but  here  there  was  only  a  little  beer, 
contain'd  in  the  interftices,  which  was  unable  to  hinder  the  fermentation  of 
the  peaches. 
Rtniafii-       (17O  Oiieb.  ip.  1678.  1  included  raw  beef  in  three  receivers;  thefirft 
i!ri'^"*!j  ^  which  WM  ejtaftly  fill'd  with  iUlc  beer,  forcibly  intruded  ;  fo  that  the 


mer- 
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mercury  exceeded  its  t^ontcd  height  by  fixty  inches.  The  fecond  was,  alfb,  ex-  ^^^J^iJlI'^J 
a£Uy  fiU'd  with  ftale  beer,  but  here  there  was  no  compreflure  made.  The  ^"^^^^ 
third  was  fiU'd,  partly  with  the  beef,  and  partly  with  common  air. 

OBob.  20.  In  the  nrft  receiver,  tlve  mercury  was  deprefs'd  to  twenty 
inches  below  its  ufual  height ;  tho'  nothing  at  all  had  eicapecj  out.  In  the 
fecond,  alfo,  it  defcended ;  but  in  the  third,  it  afcended  a  little. 

OSiob.  i6*  In  the  firft  receiver,  the  mercury  fometimes  afcended,  and 
then  defcended,  very  irrisgularly ;  in  the  ftcond,  it  began  toafcend  flowly, 
twodays  ago ;  in  the  third,  it  was  not  mov'd  at  all. 

OElob.  27.  A  piece  of  the  fame  beef,  which  was  lefc  in  the  air,  began  to 
fmell  ill ;  and  the  mercury  in  the  third  receiver,  began  to  afcend ;  in 
the  fecond,  it  continuM  to  aibend  gradually ;  but  in  the  firft,  it  feem'd  ra- 
ther to  deicend. 

Nov.  3 .  The  mercury  in  the  firft  receiver  afcended  not ;  in  the  fecond, 
the  height  of  it  was  twenty  inches  i  in  the  third,  ten. 

Nciv.  5.  I  open*d  all  the  receivers,  and  the  two  firft  had  no  offenfive 
imell,  only  contrafted  a  fcent  6x>m  the  beer.  The  fteih  boil'd  in  the  fame 
beer  was  very  tender,  but  its  tafte  was  bitter ;  perhaps,  by  reafon  of  the  too 
great  quantity  of  beer.  The  beef  included  with  common  air,  prefently  fmelt 
fetid,  upon  being  open'd ;  yet,  when  taken  out,  and  applied  to  the  noie, 
it  fcarce  feem'd  to  ftink.  I  included  the  fame  flefli  in  the  lame  receivei*,  to 
try  whether  new  air  being  admitted,  would  promote  corruption. 

Nov.  6.  The  height  of  the  mercury  was  three  inches. 

Nov.  1 1.  The  height  of  it  was  nine. 

N(m.  25.  The  height  of  it  was  tvrenty. 

I  opened  the  receiver,  and  found  the  flefli  fo  fetid,  that  I  was  forc'd  to 
throw  it  away. 

From  hence  it  feems  to  fdlow,  that  beer  may  iielp  to  preferve  flefli,  efpe- 
cially  if  it  be  forcibly  intruded  into  the  receiver ;  but  this  compreflfure  is 
foon  abated,  becaule  the  air,  comprefsM  in  the  fame  receiver,  is  apt  to 
enter  into,  and  gradually  pervade  the  pores  of  the  beer. 

(177.)  Nov.  12.  I  included  beef^  prefs'd  together  as  clofe  as  I  was  able,  mt^iithua 
three  receivers :  into  the  firft  of  them  Ipour'd  water,  mixM  with  one  fortieth  ^^jl^^l^l 
part  of  fait,  which  filfd  up  all  the  interftices,  left  betwixt  the  parts  of  the  flefli ; 
the  fecond,  in  like  manner,  contained  fome  £ilt  water ;  but  it  was  fo  forci- 
bly intruded,  that  the  mercury  in  the  gage  afcended  fifteen  inches,  above 
its  wonted  height :  into  the  third  receiver,  I  pour'd  no  water,  and  there- 
fore thofe  few  interftices,  which  could  not  be  poflefs'd  by  the  flefli,  were 
left  for  the  air. 

Nov.  1 1.  The  mercury  defcended  in  all  the  receivers,  efpecially  in  the  fe- 
cond, where'm  was  the  comprefsM  liquor. 

Nov.  18.  The  two  receivers,  which  were  uncomprefs'd,  did  not  drive 
the  deprefs'd  mercury  upward :  but  that,  whofe  mercury  had  been  im- 
pellM  to  fifteen  inches,  and  afterwards  had  defcended  moft,  now  retum'd 
almoft  to  its  former  height.  A  piece  of  the  fame  beef,  being  left  in  the  air» 
began  to  fmell  ill< 

Vol.  IL  Nnnn  Noy. 
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^^—^,-  ^'*''  S3-  In  all  three  receivers,  air  was  produced  a-newj  but  to-diiy 
the  mercury,  in  the  fecond,  defceiided  three  inches,  and  the  height  of  it  was 
twenty  ;  in  the  other  two  'twas  about  lixteen.  I  open'd  the  tiiH  receiver, 
[  and  the  flefh  was  not  at  all  corrupted. 

Nou.  30.  I  took  that  flefh  out  of  the  receiver,  which  was  put  in  withoo: 
fait,  and  it  did  not  ftink  at  all  j  but,  being  boil'd,  was  very  tender,  and  of  a 
pleafant  tafte. 

Decern^.  6.  I  open'd  the  receiver,  into  which  I  had  forcibly  Introduced 
fa!t  water.  The  mercury  exceeded  its  wonted  height  by  twenty-five  inches. 
The  flefh  fmclt  ftrong,  yet  did  not  Ilink  :  that  in  vatw)  yielded  many  bub- 
bles, which  ceas'd  not,  till  a  pretty  while  after  the  receiver,  in  which  it 
was  included,  was  taken  from  the  pneumatic  engine  ;  then  mercuiy,  in 
j[  one  hour's  time,  came  :o  the  height  of  three  or  four  inches.     I,  afterwards, 

Immcrs'd  the  fame  receiver  fo  exhaufted,  in  hot  water ;  and  the  liquor, 
contain'd  therein,  bubbled  very  much,  tiio'  the  water,  from  which  it  bor- 
row'd  all  its  heat,  did  not  boil ;  but  fo  great  a  quantity  of  air  was  produc'd, 
or  had  enter 'd  from  without,  that  the  receiver  was  quickly  full.  The  Ij- 
I  quor,  contain'd  therein,  did  not,  afterwards,  bubble,  or  boil,  tho'  it  weir 

'  immerg'd  in  boiling  water.     I  took  out  the  flefh,  and  found  it  pleafant  and 

]  tender,  yet  lefs  fo,  than  I  expelled  j    perhaps,  becaufc  it  was  not  boil'd 

enough. 

Hence^  water,  as  well  as  beer,    may  conduce  to  the  prefervacion  of 

flefli. 

[•«wj'i  (178.)  Aoii.  29.  1(178.  I  inclos'd  oifters  in  four  receivers:  in  the  firfl, 

tM^'iwin-thc  oifters  were  without  their  fhells,  and  exactly  fiU'd  the  whole  fpace  j  in 

i.  M-»f- the  fecond,  the  oifters,  with  their  (hells,  were  included  with  common  air  ;  in 

iiaiMuo.  'the  third,  the  oifters  alfo  were  included  in  their  fheils;  the  remainini^  ipacc 

of  the  receiver,    being  exaiftly  fill'd  with  falt-water.     Thefe  three  i-efTels 

were  firmly  clos'd  with  li:rews.  The  fourth  receiver  was  exhaufted  of  air, 

and  contain'd  three  oifters  in  their  Ihells,  and  eight  taken  out  of  their 

Ihells.     When  the  air  was  pump'd  out  of  this  receiver,  the  oifters  freed 

from  their  (hells,  emitted  many  lar^e  bubbles  j  but  the  three  others  fuf- 

fer'd  no  fenfible  change,  only  one  of  them  gaped. 

Nov.  30.  In  the  three  receivers,  ftopp  d  with  fcrews,  air  feem'd  to 
be  confumed,  rather  than  produced  ;  but  the  mercury  /«  vacuo  afcended 
a  little. 

Decent!?.  4.  Whilft  the  weather  was  cold,  the  mercury  afcended  not ;  but 
now,  when  the  cold  began  to  abate,  the  height  of  it  in  the  firft  receiver 
was feven  inches;  in  the  fecond,  none;  in  the  third,  three;  and  in  the 
fourth,  three. 

Deceml).  5.  The  height  of  the  mercury  in  the  firft  receiver  was  twenty 
inches  ;  in  the  fecond,  one;  in  the  thira,  three;  in  the  fourth,  five. 

Decemb.  7.  The  height  of  the  mercury  in  the  firit  receiver  was  thirty 
inches ;  in  the  iecond,  one ;  in  the  third,  three ;  in  the  fourth,  eight.  O- 
ther  oifters,  left,  at  the  fame  time,  io  the  air,  fmelt  ilL 

Dtcemb.^.  In  tlie  firft  receiver,  the  heigh:  was  thirty  j  in  the  fourth,  e- 
kren.    The  reft  were  not  chaog'd.  Dtctmb. 
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Decemk  13.  There  was  no  change  in  the  three  firft  receivers  ;  but  in  the  P»Bu*fATici: 
fourth,  the  height  was  fourteen  inches.  '^i^'VNii^ 

Decemt.  20.  In  the  firft  receiver,  the  height  was  forty-fix;  in  the  fourth, 
twenty-four  ;  the  reft  were  not  chang^. 

Decemb.21.  In  the  firft  receiver,  the  height  was  fifty-two;  in  the  fourth, 
twenty-five  ^  in  the  reft,  no  change. 

Decemb.  22.  The  height  of  the  mercury  in  the  firft  receiver  was  fixty;  in 
the  fourth,  twenty-feven ;  no  change  in  the  reft. 

Decemb.  27.  In  the  fourth  receiver,  the  height  was  twenty-nine ,  the  reft 
were  not  changed. 

Jan.  1. 167^.  The  ci&ftrs  in  the  third  receiver,  had  ting'd  the  water 
black. 

Jan.  25.  ThemercuiT  in  vacuo  feem'd  ftill  to  remain,  almoft,  at  the  fame 
height.  But  this  day,  lome  bubbles  were  form'd  in  the  turpentine,  by  the 
internal  air,  about  the  junfture  of  the  cover  with  the  receiver.  1,  there- 
fore, open'd  the  receiver,  and  found  the  oifters  very  fetid.  I,  like  wife, 
opened  the  other  receivers,  and  jfound  the  oifters  of  an  ill  fcent,  and  turn'd 
to  a  kind  of  vifcid  gelly. 

This  experiment  feems  to  inform  us,  that  fifli  produce  lefs  air  than  flcfli ; 
ye{  will  be  corrupted,  tho'  defended  againft  the  air. 

(179.)  Nov.  29. 1578.  I  exaftly  fiU'd  a  glafs  veflfel,  withfrefli  and  unGiU  Butter  Muid 
ted  butter ;  then  ftopt  it  with  a  Icrew.     A  mercurial  gage  was  included  in '"  *  '^***^''' 
the  fame  veflel. 

Nbv.  30.  In  the  night,  the  cold  being  very  (harp,  the  butter  was  con- 
densed ;  for  the  mercury  approached  nearer  to  the  aperture  of  its  gage. 

Decemb.  2.  The  mercury  came  ftill  nearer  to  the  aperture  of  its  gage; 
perhaps,  becaufe  the  cold  daily  racreas'd. 

Decemb.  5 .  The  cold  being  abated,  the  mercury  returned  almoft  to  its  for- 
mer height. 

Part  of  the  fame  butter,  Joeing  left  in  the  air,  began  to  have  a  very  bad 
finell. 

Decemb.  7.  The  cold  returning,  the  mercury,  again,  came  to  the  top  of 
its  gage.  The  butter  left  in  the  air,  fmelt  worfe  than  before,  tho*  it  was 
ftUl  edible. 

Decemb. 2^  The  butter  had  produced  no  air;  being  taken  out  of  the  re- 
ceiver, it  was  of  a  grateful  tafte,  except,  only,  a  little  of  the  fuperficies, 
which  lay  contiguous  to  the  leather  fpread  over  the  cover. 

It  follows,  that  butter  may  be  kept  a  great  while,  if  it  be  defended 
from  the  external  air. 

(i.8i.)  Nov.lo.l6^Z.  I fiird  two  receivers  with  whitings;  and  that  no pf^^^-^j^,  ^^ 
air  might  be  left  in  the  vacant  fpaces^  into  the  one  I  pour'd  wine ;  and  into  the  »'»«» ^ni  wH- 
other,  oifters,  with  their  juice;  fo  that  both  receivers  were  esaftly  fiUM.^Sii'^'JJ: 
When  I  had  afterwards  dos'd  their  covers  with  fcrews,  the  air  in  the  mer-  «««W5. 
curial  gages  was  comprefs^d ;  but  in  three  hours  fpace  the  merciuy  again 
retumM  to  its  former  mark. 

Decemb.  2.  The  cold  incre^ilngi  the  mercury  came  neato:  to  the  aperture 
of  its  gage  in  both  receivers<^^  N  n  n  a  2  Decemt*  - 
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|2?ir"-      Decemb.  4.  'I'he  cold  ceafinp,  the  mercury  afcendeU  very  much 
,  receiver  whereia  the  oifters  were;  but,  in  rhe  other,  it  moved  not. 

^^E  Detemb.  j.  In  the  receii'er,  containing  the  oitters,  the  height  of  the  mer-' 

^^H    cury  was  10  inches;  but,  in  the  other,  it  was  not  yet  return'd  to  its  ufuat 
^H    beight. 

^^H        Deceml.  7.  In  the  receiver  with  piftcrs,  the  height  of  the  mercury  was 
^^^V  40  ;  in  the  other,  it  continued  ftill  below  its  llandard. 

^^H.       Deem!'.  9,  The  mercury,  in  both  receivers,  v/as   changed  littJe  or  no- 
^^   thinR. 

I  Deceml'.  10.  When  the  mercury  alter 'd  no  more,  I  open'd  the  receivers, 

'  and  both  of  them  were  vcr>' fetid.  It  hcrefeemed  newto  me,  that  the  recei- 

ver, in  which  the  wine  was,  had  admitted  of  corruption,  without  pro- 
ducing air  ;   for,  hitherto,  alt  bodies,  whilft  they  were  corrupting,    had 
produced  fonic. 
fmibfeUi,     (181.)  Decern!'.;.  1(578.   I  put  raw  beef  into  two  large  receivers,  with 
^  '"  "^  pepper  and  cloves;  and  that  no  air  might  be  left  in  the  interftices,  I  pour'd 
tseer  upon  them ;  and,  in  no  long  time  after,  found  the  prcfiure  of  the  air, 
in  the  receivers,  to  b^  abated  ;  the  mercury,  in  the  gages,  coming  to  the 
I  open  ends. 

Deietnb.  8.  The  mercury  afcended  not  in  either  of  the  receivers.    ,1 
■*  open'd  the  one,  that  I  might  boil  the  flcfli;  which  had  contrafted  a  fweet 

fcetit  from  the  cloves  ;  and  the  liquor,  contain'd  in  the  iame  receiver,  be- 
fore it  was  boil'd,  fmeli'd  like  hippocras. 

'Jan.  2.  1679.  I  open'd  the  other  receiver,  and  found  no  air  produced 
therein  :  the  ilefh  was  not  at  all  corrupted  ;  and,  when  I  boit'd  it  in  vmuo, 
I  (ibferv'd,  that  il  a  more  intenfe  fire  were  made,  the  air,  or  fomeipirits, 
broke  thro  the  ftop-cock,  which  was  faften'd  to  the  top  of  the  receiver.  The 
receiver,  being  ccoted,  all  the  night,  was,  the  day  after,  found,  almoft,  quite 
empty  of  air.  The  flefli  was  very  tender,  and  well  tafted,  only  it  was 
a  little  over-boil'd  ;  for  it  had  been  kept  on  the  fire  full  fix  hours. 

Hence  we  have  a  confirmation,  that  beer  may  be  ufeful  to  prefervc 

flefh,  efpecially  if  the  bitter  tafte  thereof  be  correfted  by  aromatics. 

Xa Ai,  wi(*         (182.)  Decern!;,  4.  1(578.  I  included  two  larks,  with  fome  beef,  in  a  re- 

rtSei  i»,r"*ceiver,  and  fiU'd  all  the  fpaces,  unpoflefs'd  by  the  flefli,  with  ale;  at  the 

"'w-  fame  time,  I  fiil'd  another  receiver,  with  the  fame  fort  of  beef,  adding 

beer,  alfo,  but  no  larks. 

Decemb.  9.  Some  pieces,  cut  off  from  the  larks,  and  expofed  to  the  air, 
began  to  fmell  ill  ;  but  thofe  included  in  the  receiver,  had  produced  little 
air  ;  for  the  mercury  was  not  yet  come  five  inches  above  its  wonted  height. 
In  the  other  receiver  it  was  not  moved- 

Decern!/.  19.  In  the  receiver,  which  contained  the  larks,  the  mercury  af- 
cended no  higher ;  for  the  cover  being  broken,  fuffer'd  the  liquor  to  run 
out.  Wherefore,  I  open'd  the  receiver,  and  boil'd  both  the  beef  and  the 
larks,  which  were  not  at  all  corrupted,  but  very  grateful  to  the  palate. 
The  beef  had  contrafted  a  pleafant  tafte ;  pajtly  ftwa  the  larks,  and 
partly  from  the  beer. 

Decern^, 
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Decemb.  2  J.  I  opened  the  other  receiver,  and  the  flelh  being  boiled,^*^^"^^' 
feem'd  plcafant ;  yet  not  fo  pleafant  as  that  which  received  a  venifon-like  ^*^^^f^^ 
tafte  from  the  larks. 

Hence  birds  may  be  long  preferv'd  by  the  help  of  beer,  or  ale. 

(183.)  December  14.  I  included  apples  in  four  receivers :  in  the  firfl  ^^s  f/^^'^l^f^ 
a  whole  apple,  and  all  the  interftices  were  filfd  with  powder  d  fugar :  in 
the  fecond,  was  an  apple  cut  in  pieces,  and  the  fpaces  fiU'd  with  fugar, 
as  before  :  in  the  third,  was,  alfo,  an  apple,  cut ;  but  the  reft  of  the  re- 
ceiver was  fill'd  with  water,  wherewith  a  tenth  part  of  fugar  had  been 
mixed :  in  the  fourth,  the  apple  was  alfo  cut,  and  the  fpaces  fill'd  with  a 
folution  of  one  part  fugar,  and  five  of  water. 

Decemb.  2 1 .  In  the  nrft  receiver,  the  mercury  began  to  afcend  a  little, 
yet  the  fugar  did  not  diflblve ;  in  the  fecond  receiver,  all  the  fugar  was 
melted,  ana  the  pieces  of  apple  were  fhriveW  :  they  produced  much  air, 
when  firft  put  into  the  receiver.  In  the  two  other  receivers,  the  mercury 
began,  alfo,  to  afcend  ;  but,  in  the  third,  the  pieces  of  apple  were  very 
much  corrupted,  their  skin  being  taken  off. 

Decemb.  22.  Air  was  produced  in  all  the  receivers  ;  but  the  quantities 
did  not  bear  the  fame  proportion  amongft  themfelves,  as  the  quantities 
of  the  ftigar:  for,  in  the  fecond  receiver,  much  air  was  produced  ^  but,  in 
the  fourth,  the  mercury  afcended  lefs  than  in  the  third.  Some  air  was, 
alfo,  generated  in  the  fim. 

Decemb.  27.  In  the  three  firft  receivers,  the  height  of  the  mercury  was 
ten  inches,-  but  in  the  fourth,  only  fix. 

Decemb.  3 1 .  In  the  firft  and  fecond  receiver,  the  height  of  the  mercury 
was  1 3  ;  in  the  third,  1 5  ;  in  the  fourth,  only  9. 

Jan.  2.  1679.  In  the  firft  and  fecond  receiver,  the  height  of  the  mer- 
cury was  almoft  14 ;  in  the  third,  17  ;  m  the  fourth,  11. 

Jan.  7.  In  the  fecond,  the  height  of  the  mercury  was  16  ;  in  the  third, 
35;  in  the  fourth,  15  ^  but,  in  the  firft,  the  mercury  had  not  afcended, 
and  fomething  had  elcaped  out  of  the  receiver :  I,  therefore,  cafed  the 
fcrew,    tliat  I  might  difpofe    it  the  better,  and  then  the  air  made  an 

efcape. 

Jan.  9.  In  the  firft  receiver,  the  height  was  fix  inches ;  in  the  fecond  i(J^ 
in  the  third,  39 ;  in  the  fourth,  i  j . 

Jan.  17.  In  the  firft  receiver,  the  height  was  13  ;  in  the  fecond,  ip  ;  in 
the  third,  56 ;  in  the  founh,  17. 

Jan.  30.  In  the  third  receiver,  the  height  of  the  mercury  was  76  inches, 
and  the  liquor  got  out ;  I,  therefore,  open'd  it,  and  found  the  fruit  to 
have  loft  much  of  its  tafte;  but  the  waterhad  contrafted  it,  and  was  plea- 
fant to  the  palate.  In  the  fecond  receiver,  the  mercury  afcended  no  more. 
I  open  d  this,  alfo,  and  found  the  fruit  much  more  pleafant  than  the  other  5 
yet  much  of  its  tafte  was  imparted  to  the  fugar,  which  was  tum'd  into 
a  very  good  fyrup. 

Feb.  16.  The  height  of  the  mercury,  in  the  firft  receiver,  was  22  in- 
ches i  but,  in  the  founh,  33.    This  I  open'dj  and  found  the  fruit  to 

have 
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^Y^ave  toft  much  ofics  tafte  ;  and  that  the  ambjcnt  water  had  got  ir.  And  was 
•^^  .thereby  turn'd  into  a  plealant  drink. 

fel/.  27.  In  the  firft    receiver,  the    height  of  the   mercury  was  thirty 
iiches. 
i  March  ij.    In  the  iirft  receiver,  the  heioht  of  the  mercury' was  not 

changed ;  but,  now,  fomething  efcaped  out  or  the  receiver:  I  opcn'd  it,  and 
found  the  apple  of  a  laudable  coloun  ;  but  the  pulp  was  fpongy,  and 
had  loft  much  of  its  tallc. 

This  experiment  feems  to  teach,  that  fugar  is  not  fo  fit  to  prefcrve  fruits, 
as  fermented  liquors. 
uUJa     (184.J  Deceml/er  2^.    I  fill'd  a  glafs  vefiel  with   milk,  then  ftopp'd   it 
■•       with   a  fcrew  ;    and,  into  another  receiver,  I  put  a  lark  with  milk,  and 
flopp'd  it  dole. 

Deiemb.  24.  This  evening  I  pcrceiv'd,  that  the  cafcous  part  was  fepa- 
raccd  from  thebutyrous,  in  the  clofcd  receivers  j  as  well  as  in  the  nulfc, 
which,  at  the  lame  time,  I  left  cxpofed  to  the  air. 

Urifn/i.  27.  I  found  no  air  produced  in  the  receiver  which  held  the  lark; 
'        but,  in  the  other,  the  mercurial  ga^e  was  fpoiled. 

Deismb.  3 1.  The  mercury  afcended  in  that  receiver  which  contain'd  the 
lark  ;  but  the  milk  left  in  the  air,  at  t  he  fame  time  that  I  ftopp'd  the  re- 
ceivers, flunk  three  days  ago. 

'Jan.  I.  In  the  receiver  which  held  the  lark,  the  height  of  the  mer- 
cury was  ten  inches. 

'Jan.  2.  The  height  of  the  mercury  was  14  v-  The  milk  ftagnanc  be- 
low the  bu^rous  part,  appear'd  of  a  red  colour. 

Juit.  4.  The  height  of  the  mercury  was  19.  Some  white  fediment  was 
coiicreted  at  the  bottom  of  the  milk. 

'Jan.$.  The  height  of  the  merairy  was  29  inches. 
5ffl«.  23.  I  open'd  both  receivers  :    the  lark  fmelt  only    ftrong,  tho'    ic 
had  been  kept  32  days;  when  boil'd,  it  was  of  a  pleaiant  tafte.     In  the 
other  receiver,  the  cafeous  part  of  the  milk  was  fub-acid,  and  gratefi.tl ; 
but  the  butyroiis  part  was  not  four  at  all. 

This  experiment  informs  us,  that,  fometimes,  milk  may  be  fuccefsfuUy 
,ufed  topreferve  flefh. 
UAii^M     (tSjJ  Decern!/.  24.  itfyS.  I  put  a  lark  Into  a  fmall  receiver,  and  pour'd 
'  5*U"'     butter  upon  it,  melted  over  a  flow  fire,  till  all  the  interftices  were  exa£Uy 
*^     fill'd  ;  then  I  clofed  the  cover  with  a  icrew. 

Decemb.  27.  The  mercury  approached  nearer  to  the  apertureof  its  gage. 
The  butter  ft.'em'd  to  be  alter  d ;  for  the  loweft  part  of  it  was  yellower, 
and  the  middle  whiter  than  before.     The  upper-part  was  fluid. 

"Jan.  5.  i67p.  The  mercury  retum'd,  by  degrees,to  its  wonted  height. 
Jan.  ^.  The  mercury  was  fomewhat  higher. 

Jan.  28.  The  mercury  was  litde  changed.  I  open'd  the  receiver,  and 
found  that  part  of  tlie  butter,  contiguous  to  tiie  leather,  fpread  over  the 
cover,  to  be  white,  and  of  a  very  unpleafant  tafte.  The  butter,  more  re- 
jnoteiiom  the  leather,  was  yelloWj  and  fomething  fetid,  tho' edible.    But 
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the  lark  being  roafted,  was  grateful  to  the  palate,  tho*  it  had  been  kept  P*«w*«ATif t. 
54  days.  This  experiment  feems  to  (hew,  that  hot  melted  butter  is  not  ^^-^^'^^ 
very  luccefsfully  uicd  to  preferve  flelh. 

(i%6.)  ^an.  ^.  1679.  I  included  boil'd  flefh  in  an  exhaufted  receiver, ^«^'' iW*  ^ 
ftopp'd  with  a  Icrew;  and  fill 'd  the  interftices,  exaftly,  with  broth  of  the  ^*"*' 
fame  flelh,  which  feem'd  a  little  too  fait.     Whilft  I  fet  the  fcrew,  all  things 
in  the  receiver  were  comprefs'd ;  and  the  merairy  afcended  to  the  height 
of  fix  inches  into  the  fage  ;  but  it  foon  returned  to  its  wonted  height. 

Jan.  28.  The  air  was,  gradually,  more  confumed,  €o  that  the  mercury 
now  defcended  eight  inches  below  its  ufual  ftandard.  I  open'd  the  recei- 
ver, and  found  the  flefli  very  fweet  and  tender.  The  broth,  alfo,  had  an 
acidifli,  but  a  very  CTateful  tafte. 

This  experiment  mews,  that  boilM  flefli  may  be  long  preferv'd  good  5 
which  is  a  great  convenience  at  fea,  where,  perhaps,  there  might  be  no  oc- 
cafion  for  fait  meat.  For,  after  raw  flefli  hath  been  included  in  fcrew'd 
veflels,  as  long  as  experience  fliews  there  is  no  danger  of  its  corrupting, 
it  may  be  taken  out,  and,  being  perfeAly  boilM,  be  again  included  ni 
the  fame  receivers  ;  and  fo,  doubtlefs,  it  may  be  kept  lor  a  great  while 
without  fait. 

('87.)  Jan.  30.  idyp.  I  put  raw  flefli  into  two  receivers;  to  the  ^^^aUdt^hb' 
I  added  pepper  and  cloves;  in  the  fecond,!  mixed  nothing.  mtdtii^Lt 

Feb.  1 1.  The  height  of  the  mercury,  in  the  firft  receiver,  was  three  inches  ;*"^ 
in  the  fecond  below  i  f . 

Feb.  1 2.  The  height  of  the  mercury,  in  the  firft  receiver,  was  4  4- ;  in  the 
fecond,  not  above  i  f. 

Feb.  13.  In  he  firft  receiver,  the  height  of  the  merairy  was  above  fix  in- 
ches i  in  the  fecond,  three.  I  boil'd  the  flefli  of  the  firft  receiver,  and  it  was 
very  pleafant,  and  tender. 

Feb.  14.  The  height  of  the  mercury,  in  the  fecond  receiver,  was  five. 

Feb.  19.  The  height  of  the  mercury,  in  the  fecond  receiver,  was  eight. 

Feb.  20.  The  height  of  the  mercury,  in  the  fecond  receiver,  was  11. 
I  boird  the  flefli,  and  found  it  very  tender,  tho*  it  remained  over  the  fire 
in  Balneo  Maria^  only  for  three  quarters  of  an  hour.  I  put  fome  part  of 
this  flefli,  before  it  was  boiW,  into  a  receiver,  and  filled  all  the  vacuities, 
as  exadly  as  I  could,  with  the  fame  flefli,  to  try  how  long  the  flefli  might 
be  prefervM,  when  the  air  was  thus  excluded. 

Feb.  28.  The  mercury  afcended  very  little. 

March  20.  The  height  of  the  mercury  was  about  16  inches.  I  opcnMthe 
receiver,  and  the  flefli  feemM  of  a  pleafant  tafte,  yet  inclining  to  cor- 
ruption, u^'  1 

(188.)  February  10.  I  put  raw  beef  into  three  receivers:  in  the  firft,  23°!^ '^^ 
the  beef  was  feafon'd  with  pepper  and  cloves ;  in  the  fecond,  it  was  en-  9Hhi»\tr^Mw% 
compafs'd  with  fait  -water ;  m  the  third,  I  put  neither  fait  nor  fpice.         '•^  '"-^"^ 

Feb.  19.  Four  days  ago,  the  mercury  afcended  in  the  third  receiver  i 
n  the  firft,  alfo,  it  began  to  afcend ;  but,  in  the  fecond,  not  at  all. 
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gy,^'     FeL  II.  In  the  firft  receiver,  the  height  of  the  mercury  was  four  inches 
and  a  half;  in    the  third,  ten;  but  in  the  fecond,  there  was  no  afcent  at 

■A^       Feb.i^.  The  height  of  the  mercury  in  the  firft  rcceirer  was  fix  s   in  the 
^^^  third,  nineteen ;  in  the  fecond  half  an  inch. 

I  Feb.  z6.  This  night,  tiiere  was  no  aicentof  tlie  mercury  in  any  of  the  re- 

ceivers.    I  open'd  thethird,  andtheflefh,  after  boihng,   was  very  good. 

By  the  former  experiment,  fpices  feem  to  hinder  the  produftion  of  air; 

but  the  prefciit  experiment  proves  the  contrary.     Whence  this  contrariety 

.  (hould  proceed,  I  know  not ;  unlcfs,  perhaps,  becaufe,  I  had  left  a  fpace 

I  lartjc  enougli  for  the  air  in  thcle  receivers ;  but  in  the  former  experiment 

fill'd  all  as  exactly  as  I  could  with  6c(h. 

MifcA  9.  The  height  of  the  mercury,  in  die  firft  receiver,  was  eight  inches; 
Inthelecond,  none. 

March  1  J.  The  height  of  the  mercury  in  the  firft  receiver  was  twelve  ;  in 
the  fecond,  one. 
r  April  3 .  The  height  of  the  mercury  in  the  firft  receiver  was  eleven  ;  but 

in  the  fecond  it  exceeded  not,  one.    1  open'd  the  receiver,  and   bwling  the 
.  flefh,  found  it  very  tender,  and  of  an  excellent  tafte. 

I  Hence  the  faltnefs  of  water,  included  with  flefh,  feems   to  hinder  the 

>  produdion  of  air  ;  but  there  being  fo  fmall  a  quantity  of  water,  compar'd 

with  the  quantity  of  flefli,  I  rather  incline  to  think,  that  lefs  air  was  pn>- 
duced  in  the  iccond  receiver,  becaufe  it  was  more  exaftly  fiU'd.  And,  in* 
deed,  frefh  water  being  ufed  inftead  of  fait,  has  the  fame  effeft  ;  but  the 
chief  art  to  prefenc  flefh  without  fnit,  conlifts  in  excluding  all  air  from  it, 
and  making  a  gveat  comprelfjre  in  the  receiver. 

Thefe  experiments,  about  the  prefervationof  aliment,  may  be  very  ufefiil 
in  tranfponing  fruits,  venifbn,  dTt.  from  remote  places,  and  towards  af- 
fording better  nouriihment  to  mariners. 
S«i%«uJ  it-     (189.)  Decemk  12.  1678.  I  put  two  ounces,  and  fix  drams  of  beef  into 
fj!^i«r'w''^  exhaufted  receiver,  able  to  hold  twenty-two  ounces  of  water ;  then  I 
^J^ietf'bukJ  left  it  in  boiling  water  for  three  hours ;  which  done,  I  cxpos'd  it  to  the  air, 
'n^mf^°'^°  cool  for  a  whole  night :  afterwards,  ufing  my  pneumatic  engine,  I  per- 
cciv'd,  that  the  air,  formed  in  the  receiver,  could  fcarce  fuftain  three  inch- 
es of  mercury :  whence  flefh  in  boiUng,  cannot  form  air  enough  to  make  an 
.  entire  preffure  in  a  receiver,  capable  of  holding  3  double  weight  of  water: 
that  is,  if  you  include  one  pound  of  flefh  in  an  exhaufted  receiver,  able  to 
hold  two  pounds  of  water,  it  will   not  generate  air  enough  to  remove  the 
cover  from  the  receiver,  unlefs  heat  greatly  contribute  to  produce  theefteft: 
but,  our  flefh,  I  confcfs,  was  not  boil'd  enough. 

(ipo.J  Decetnk  ij.  I  inclos'd  three  ounces  of  raw  beef  in  a  receiver  able 
to  hold  thirty-two  ounces  of  water ;  and  in  boiling,  after  it  had  been  long 
on  the  fire,  the  cover  was  forc'd  from  the  receiver,  and  fo  fufter'd  the  va- 
pours to  (lafs  out :  but  being  prcfently  fhut  again,  and  the  fire  remov'd,  the 
receiver  loon  loi^  its  internal  preffure  ;  lb  that  being  re-plac'd  on  the  fire,  it 
was  a  long  time  before  it  could  force  away  the  cover  a  lecond  time.     1  tried 

this 
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this  again,    and  again ;    and  unlefs  the  receiver  had  been  expo  sM  to  a  P»«'*»^'»c' 
very  ftrong  fire,   the  cover  would  never  have  been  removed ;  but  if  the 
fire  burns  well,  fweet  exhalations  continually  pafs  out. 

Decemb.  24.  The  receiver  having  been  cool  d,  during  the  whole  night, 
was,  this  day,  by  the  ufe  of  the  pneumatic  engine,  almoft  wholly  evacua- 
ted. Whence  we  feem  to  have  a  confirmation,  that  the  divulfion  of  the  co- 
ver is  not  made  by  that  air,  which  can  keep  the  form  of  air,  but  from  the 
fieams  exhaling  from  the  flefh,  and  iubfiding  again  therein;  provided  they 
be  kept  in,  as  they  eafily  may,  if  we  ufe  not  too  fierce  a  fire  to  the  evacua- 
ted receiver,  whereby  the  lois  of  thofe  fweet  vapours  may  be  prevented. 

(191.)  Jan.  11. 1679.  I  put  pafte,  without  leaven,  into  an  exhaufted  re-P^fie  uivd  u 
ceiver;  and  included  another  part  of  the  fame  pafte  in  a  fecond  receiver,jjj^;|,%*vf  '* 
full  of  common  air.  I  inclosM  thefe  two  receivers  in  Balneo  Maria^  ftopp'd 
with  a  fcrew ;  and  when  they  had  remained  there,  for  three  hours,  exposed 
to  a  moderate  fire,  I  opened  the  receivers :  the  pafte  in  vacuo  I  found  red- 
di(h  on  the  fuperficies ;  but  the  other  had  admitted  water ;  and  the  pafte 
was  not  boifd  enough :  and,  therefore,  I  put  both  receivers  again  in  Balneo 
Maria^  where  they  ftaid  a  whole  night. 

Jan.  21.  This  morning,  I  found  the  Balneum  Maria  quite  cold  ;  and  the 

?afte,  when  taken  out,  was  boilM  enough,  but  covered  with  no  cruft. 
i'hat  which  I  included  in  vacno^  was  interfpers'd  with  many  cavities,  but 
it  feem'd  too  infipid  ;  the  other  had  no  cavities,  but  a  more  pleafant  tafte. 
Both  the  receivers  were  found  almoft  wholly  empty'd  of  air. 

(192.)  Feb.  3. 1679.  I  inclosed  leavenM  pafte  in  vacuo^  and,  as  foon  as  ^^^Sv^'b^SSJ 
had  fiird  its  receiver  With  factitious  air,  tranfmitted  it  into  the  receiver  i  I  M«fii^  after  u 
ufed  to  boil  flefh  in  Balneo  Maria ;  but,  when  the  pafte  was  thus  removed,  it  Jj"*/'^^^  **' 
pitched  much ;  yet,  when  it  had  remained  for  three  hours  in  a  hot  Balneum 
Mariay  the  bread  made  of  it  was  interfpers'd  with  many  cavities,  but  co- 
vei'd  with  no  cnift. 

Feb.  5. 1  repeated  the  experiment,  but  now  the  pafte  was  included  in  vacuOy 
in  the  fame  receiver,  which  was  afterwards  put  in  Balneo  Maria ;  and 
therefore,  there  was  no  need  to  remove  the  pafte,  and  expofe  it  to  the  air. 
Hence,  the  bread  made  thereof,  was  much  lighter  than  the  former. 

(193.)  Feb.  11.  I  included  rofemarj',  with  water,  in  the  diftilling  veffeli^y^^^j?- **^ 
and,  when  the  air  was  pumpM  out,  I  put  the  veiTel  in  Balneo  Arena   and  ^vLw. ' 
there  came  over  a  water  of  a  very  Iweet  fmell,  and  fbme  drops  of  eflential 
oil  of  a  very  fweet  icent,  and  not  empyreumatical.    But  when  I  opened 
the  ftop-cock,  to  let  in  the  air,  the  noife  fo  fbon  ceas'd,  that  I  judged  much 
air  was  produced  from  the  rofemary. 

Feb.i^.  I  put  the  fame  rofemary  into  the  fame  evacuated  veflel,  and 
adminiftred  a  more  intenfe  fire,  yet  could  extradt  no  oil,  fweet,  or  fetid ; 
and  the  water  was  lefs  fragrant  than  the  former. 

(194.)  Feb.  10. 1679.  I  boiled  one  pound  of  flefh  invacuo,   in  a  veflel  F/^  wr<i  J* 
defcrib'd,  which  would  contain  almoft  four  pounds  of  water :  its  upper  ^•*"*' 
part,    which  was  made  of  glafs,   held  the  mercurial  gage ;  by   the  help 
whereof,    I  perceived,  that  the  mercury  afcended  uot  three  inches,  tho' 

Vol.  II.  O  00  o  the 
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[«JvjT^-the  flefli  had  boil'd  for  three  hoi»rs,  «nd  more.     Ic  was  nocboil'd  ftnoagi 
•^-'  and  its  pafte  was  ungrateful :  the  liquor,  form'd  of  the  condens'd  rapt — 
had,  alfo.an  unpleafent  raftc. 

I  Feb.  II.     I  repeated  che  experiment,    but  now  fprinJded  the  0cfli  *ith 

Jjepper  and  cloves  :  the  mercury  alcended  to  the  height  of  fix  inchej,  tho' 
theflcfti  boil'd  no  longer  than  the  other  :  it  ieem'd  very  grateful  to  the  p«- 
kie  i  and  the  liquor,  form'd  from  the  vapours,  had  a  nioft  pungent  cafte  of 
pepper;  but  contrafted  nothing  ur^rateful  from  the  fleft,  as  in  the  for- 
mer expcri  mcnt. 
From  thefe  experiments,  made  in  vacuo,  it  feems,  chat  fuch  veCfeU  may 
be  very  ufefnl  for  diftilling,  and  boiling  of  fuch  bodies,  ascontain  thin,  and 
>_  very  volatile  fpirits  :  for  every  thing  will  here  be  preferv'd,  and  nothing  be 

fufter'd  to  fly  away. 
S"""^*"  (.IV5-)  y^"-  ^9-  Eight  days  ago,  I  fili'd  a  fcrcw-veffd,  with  beef  aixl  wa- 

rf',v5„„  i  j^ter  together  ;  and  when  it  had  continu'd  over  a  moderate  fire  for  eight  or 
v%.  Ui^ti    nine  hours  in  Balneo  Mari^^  ftopp'd  alfo  with  a  fcrew,  I  took  the  flefli  out; 
&2^  Muw"  but  it  was  boil'd  a  great  deal  too  much,  and  the  tafte  of  it  was  very  un- 
plcafant.     I  boil'd  other  beef  in  the  fame  vefly,  after  the  lame  manner  ; 
only  this  was  feafon'd  with  pepper  and  cloves,  and  remain 'd  expos 'd  to  the 

■  fire  but  for  three  liours.  This  flefti  prefeiv'd  a  moft  pleafant  tafte.  I 
I  boil'd  other  flcfli,  without  fpices,  for  three  hours,  in  the  feme  vcffcl,  and  after 

■  the  fame  manner  :  when  the  flefli  was  taken  out,  it  tafted  well ;  whence  t 
B  conjeftur'd,  that  what  fpoii'd  the  firft  flefli,  was  ovei^boiling ;  yet  the  Ipi-^ 
^              CCS  may  be  convenient  to  correft  fome  pan  of  the  ungrateful  tafte  t,  ^  I 

Ibfta  place  to  condenfe  the  vapours,in  thetop  of  the  vdfel,  and  found,  that 
the  liquor,  there  formed,  had  an  unpleafant  tafte  i  but  not  lb  when  the 
flcth  was  feafon'd  with  pcpfer  and  cloves. 
if^in  hSTJ  ia     (i$6.)  Jan.  2JJ.  I  boil'd  apples,  after  the  fame  manner  as  I  did  the  ffeft, 
«j(«»-p'jvi.    before  mention'd;  but  mixa  no  water  with  them.     They  were  fet  Hpon  a 
moderate  firr,  for  aimoft  two  hours.     They  were  very  loft,  and  of  a  very 
good  tafte  ;  but  fome  pieces,  which  hy  in  the  upper  part  of  tire  tecaver, 
where  the  vapours  afcendingfrom  the  lower  part  condens'd,  were  of  an 
unpleafant  tafte  ;  and  the  drops,  fsrm'd  from  the  lame  vapours,  had  an  un>t 
grateful  fcent. 
vijhjufim'i       (197O  February^.  I  inclofed  flefli,  with  pepper  and  cloves,  in  «  rccei- 
""^yV*"  *"J^  ver  ftopped  with  a  fcrew,  but  ufed  no  water  to  fill  up  the  interftjces  j 
-   ''"'°^^'  •  ojijy  comprefled  the  flefti  as  much  as  I  could,  and  then  put  the  receiver  »» 
Baiaeo  Maria,  already  hot,  and  ftopp'd  it  with  a  lirew :  when  it  had  re- 
mained there,  over  a  moderate  fire,  for  an  hour,  the  flefli  was   rather 
mer-boil'd  than  under;  but,  when  I  open 'd  the  £<i/»rt(wi  Aft»-i^,  all  the 
■water  burft  out  of  it,  with  a  great  force  j  the  liquor  being  hot,  and  now 
finding  vent. 

Feb.  5.  I  inclofed  fome  part  of  this  flefli  in  a  receiver,  ftopp'd  with  a 
icrew. 

March  1 2.  The  flefli  included  five  weeks  ago,  was,  this  day,  found  very 
good.    I  do  not  doubt,  but  thac  perii:^  boiling  coociibuted  £)mething  to 
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its  preferration :  for  I  finc^  by  experiments  made  upon  other  bodies^  that  V^?^JiiI|^' 
boBtng,  the  more  perfe£l  \t  is.  hinders  fermencadoti  uie  more.  \y^€^<y 

(198.)  Fehruary  10.  I  boil  d  a  oow«-beel,  after  the  lame  manner  as  I  had  Jc^m^mi  Wi 
dene  the  flefli  above-mcntion'd ;  but  left  it,  for  four  hours,  or  more,  upon  *j^^ 
a  moderate  fire :  then,  the  veflels  bring  imftopp'd,  we  found  the  fle(h  ex-* 
cdlently  well  boiled,  and  the  bones  fo  foft^  that  they  might  be  eafily  cut 
with  a  knife,  and  ea|;pn,  ' 

Feh.  12.  I  repeated  the  experiment,  and  let  the  veflels  remain  expoied 
to  the  fire  for  twelve  hoars ;  and  tho'  the  water  of  the  Balneum  Maria 
every  where  iecored  the  veflel  imm^rfe^  \9  it,  yet  the  flelh  had  contrafled 
a  very  empyreumatical  tafte  and  finell ;  but  the  juice,  which^  in  the  for- 
mer eyp?;n«entj  cpagr^ted  intp  ^  79^7  firm  g^y^  di4  not  h£;ce  congeal 
at  all 

Hence  it  appears,  that  many  bones,  and  hard  tendons,  which  we  daily 
throw  away  as  unprofitable,  may,  4>y  the  help  of  a  Balneum  Mdria^  flopped 
with  a  fcrew,  be  converted  into  cood  nourjfhment. 

(199^)  '^W'y  io.  JbcHl'd  ♦ifift^  ^ff<hip  fiwpe  mimwr,  m  g  ^^^^'^^iVvilZ 

fialvemMforia,  buiP  9Ux*jl  ^np  jjrattf  ^feercwifh.  The  fift  .temgin'd  upon^JHILi* 
the  fire  for  two  hours  oiily  5  when,  the  veflel  b^ing  poord  and  openM,  it 
was  found  of  a  veiy  good  tafte  ;  and  its  bones  KBCe  £>  (o^,  that  they 
yielded  to  the  preifure  of  the  finger  ,*  and  the  head  of  it  might  be  eaten 
like  its  fleflt  The  juice  of  it,  in  a  &ort  time,  concreted  into  a  geily  cf 
a  hard  confifience. 

This  method  is  ufeful  for  boiling  fuch  fifli  as  are  very  bony. 

(200O  February  15.1  put  hart^s-hom  into  a  receiver,  to  be  flopped  with  jcm^i^sra 
a  fcrew,  and  fiUM  the  interftices  with  water;  I  included  the  receiver,  thus*^'^^ 
ftopp'd,  m  a  fcrewM  Bahteum  Maria,  and  fo  expofed  it,  for  four  hours, 
to  a  moderate  fire :  the  vefiels  beii^  open'd,  the  hartVhorn  was  found 
ibft,  and  the  juice  foon  concreted  into  a  very  firm  gelly. 

Feb.  11.  I  repealed  the  experiment,  but  no 'water  was  included  with 
the  hArtVhom,  and  the  ^re  lafted  fix  hours  uader  the  Balneum  Marif ; 
after  this,  the  hart's-hom  was  found  very  foft ;  but  a  little  juiqe  had  fweat 
out  of  it,  and  adhered  to  the  e^Ltemal  parts  of  the  hartVlK>m,  like  drops 

cf  jdiy. 

The  excellen<7  of  iuch  a  Balneum  Maria  appears  from  this  experiment ; 
for  fince  even  hartVhom  can  be  boilM  by  I9cans  thereof,  yidtl^out  water, 
all  the  frefh  water,  vfiially  confuqied  in  boiling  fleih  at  fea,  may  ^ 
preierved  for  xxther  uie^ 
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■  g'  "\  U  R  author  conft 

SJ^^.;!        1  but  denies  that  f 
pu( uuuki"j.  Vh-«^  cribe  thereto ;  ar 


r  confefles,  that  the  air  hath  both  a  fpriiig  and  weight ; 
'  at  fpring  to  be  great  enough  to  perform  what  t  af- 

-     ;  and,  particularly,  labours  to  prove  it  unable,  in  a 

cloi'e  place,  to  fuftain  the  mercury  in  the  Turrkellian  experiment.     For, 

i'ays  he,  "  if  a  tube,  only  twenty  inches  long,  be  not  entirely  nll'dwirJi  guick- 

"  lilver,  but  a  fmall  fpace  be  left  betwixt  it,  and  the  finger  that  clofes  the 

"  upper  end,  with  nothing  but  air  there ;  and  the  tube  be  opend  at  the 

"  bottom,  the  finger  will  not  only  be  drawn  downwards ;  but  the  quick-fil- 

"  vcr  will  defcend,  confiderably  ;  that  is,  as  far  as  fo  fmall  a  parcel  of  air 

can  be  rtretch'd  by  the  defcending  weight ;  and,  therefore,  if,  infteadof 

air,  any  other  liquor,  not  fo  eafily  extended,  be  here  uied,  the  quick-filver 

will  not  fall :  but,  if  the  extenial  air  cannot  fuftain  twenty  inches  of  mer- 

"  cury,  how  Ihould  it  fupport  twenty-nine  and  a  half?  "     But  to  this  ar- 

gun.ent,  he  has  himfelf  furnifh'd  us  with  an  anfwer  in  thefe  words.  "  But, 

"  you'll  lay  that  the  mercury  defcends,  bccaufe  'tis  impell'd  downwards,  by 

"  the  air  dilating  itfelf  by  its  own  fpring."     Which  I  think  fufficient  for 

''  the  objeftion,  notwithllanding  the  two  exceptions  he  makes  to  it. 

For,  firft,  when  he  fays,  that  then  "  the  finger  ought  rather  to  be  repeli'd 
from,  than  fix'd  to  the  tube,  ii  nee  the  expanfion  is  made  every  way;"  he 
confiders  not,  that  tho*  the  included  air  extends  itfelf  at  firft,  every  way, 
yet  the  expanfion,  in  our  cafe,  muft  ncceffarily  be  made  downward  ;  bccaufe, 
the  finger  that  ftops  the  tube,  being  expos  d  on  the  upper  parts,  and  the 
fiaes,  to  the  external  air,  has  the  whole  weight  and  prelfure  of  the  atmo- 

fphere 
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fpherc  upon  it ;  and,  confequcntly,  cannot  be  thruft  away,  but  by  a  force,  a-  ^'^^^^^'^^^ 
ble  to  furmount  that  preflure ;  whilft,  on  the  lower  fide  of  the  included  air, 
there  is  the  weight  of  the  whole  mercurial  cylinder  to  affift  the  fpring  of  the 
air  to  furmount  the  weight  of  the  atmofphere,  that  gravitates  upon  the 
ftagnant  mercury.  So  that  the  air  included,  endeavouring  to  expand  itfelf, 
finding  no  refiftance  upwards,  and  a  confiderable  one  downward,  it  is  very 
natural,  that  it  fliould  expand  itfelf  that  way,  where  it  finds  the  leaft  refiftance : 
as  will  happen,  till  the  ipring  of  the  air  be  fb  far  weakened  by  expanfion, 
that  its  preflure,  together  with  the  weight  of  the  mercury,  that  remains 
fufpended,  will  but  balance  the  preflure  of  the  outward  air  upon  the  ftag- 
nant mercury.  And,  if,  inftead  of  quick-filver,  you  employ  water,  and 
leave,  as  before,  in  the  tube  an  inch  of  air,  and  then  inverting  it,  open 
it  under  water,  the  included  inch  of  air  will  not  dilate  itfelf  near  halt  fo 
far,  as  it  did  when  the  tube  was  almoft  filled  with  mercury ;  becaufe,  the 
weight  of  fo  (hort  a  cylinder  of  water  does  but  equal  that  of  between  an 
inch  and  an  inch  and  half  of  quick-filver  ;  and,  confeqiiently  the  internal 
air  is  far  lefs  aflifted  to  dilate  itfelf,  and  furmount  the  preflure  of  the  out- 
ward, by  the  cylinder  of  water,  than  by  that  of  mercury. 

As  for  what  our  author  fays,  that,  *^  if,  inftead  of  air,  or  water,  fome 
"  other  liquor  be  left  at  the  top  of  the  tube,  the  quick-filver  will  not  de- 
"  fcend ;"  we  can  readily  folve  that  phenomenon,  fince  water  has  either 
no  fpring  at  all,  or  but  an  exceeding  weak  one  ,•  and  fo  fcarce  prefles,  but 
by  its  weight,  which,  in  fo  (hort  a  cylinder,  is  inconfiderable. 

Hence  we  fee,  why  the  finger  is  fo  ftrongly  fattened  to  the  upper  orifice 
of  the  tube  it  ftops :  for  the  included  air,  being  fo  far  dilated,  that  an  inch, 
for  example,  left,  at  firft,  in  the  upper  part,  reaches  twice  or  thrice  as  far, 
as  before  the  defcent  of  the  quick-filver,  its  fpring  muft  be  proportio- 
nably  weakened  ,•  and,  confequently,  that  jpart  of  the  finger  within  the 
tube  will  fuftain  much  lefs  preflure  it,  from  the  dilated  internal  air, 
than  the  upper  part  of  the  fame  finger,  from  the  unrarily*d  air  without. 
By  which  means,  the  pulp  of  the  finger  will  be  thruft  in. 

Our  author's  fecond  objeftion  runs  thus.  **  If  you  take  a  tube,  open  at 
both  ends,  of  a  confiderable  length,  fuppofe  forty  inches,  fill  it  with 
mercury,  place  your  finger  on  the  top,  and  open  the  lower  end ;  the  mer- 
cury will  defcend  to  its  wonted  ftation,  and  your  finger,  on  the  top,  be 
ftrongly  drawn  within  the  tube,  and  ftick  clofe  to  it.  Whence,  again, 
it  is  evident,  that  the  mercury  at  its  own  ftation,  is  not  there  fuftain'd 
by  the  external  air,  but  by  a  certain  internal  cord,  whofe  upper  end, 
being  faften'd  to  the  finger,  draws,  and  fixes  it,  after  this  manner,  in 
**  the  tube.  ^ 

But  this  argument,  being  much  of  the  fame  nature  with  tlie  former,  the 
anfwer  made  to  that,  may  ferve  here,  alfo ;  especially,  becaufe,  in  the 
prefent  cafe,  the  pulp  of  the  finger  fuftains  lels  preflure  on  the  infide 
of  the  tube,  than  m  the  other;  the  preflure  of  the  atmofphere  being  here 
kept  oft"  from  it,  by  the  fubjacent  mercury ;  whereas  there  is  nothing  of 
that  preflure  abated  againft  the  other  part  of  the  fii^er^  that  kept  it  off 
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IJJtJ'"!"£rom  the  deferted  cavity  of  tlie  tube  ;  oiily  from  the  pulp,  coacipuofls 
^^^  the  tube,  there  may  be  fome  taken  off,  by  the  weight  of  the  giafs  itf 

Bat  as  for  that  part  of  the  finger,  which  immediately  covers  the  orifice, 
whether  there  be  any  fpring  in  its  own  fibres,  or  other  conftituenc  ("ub- 
ftance,  which  finding  no  refiftance  in  the  place  dcferted  bythe^utck- 
filver,  may  contribute  to  its  fwelling;  he,  who  duly  coofiders  tbe  account 
already  given  of  this  intrufion,  will  find  no  need  of  our  author's  internal 
Funiculus,  which  feems  more  difficult  to  conceive,  than  to  folve  the  pheao- 
mcirn,  in  controverfy,  without  it. 

Our  author  propofeS  this  as  a  clear  dcmoiiftration  ;  and  it  is,  indeed* 
the  principal  thing  in  his  book.  "  Take  a  tube  of  about  so  inches  long, 
"  with  both  ends  open,  let  its  orifice  be  immers'd  in  ftagnant  mercury,  and, 
**  one  finger  being  plac'd  imderneath,  that  the  mercury  tobepour'din,  may 
"  not  run  thro',  let  it  be  fill'd  with  quick-filver,  and  then  another  finger  ap- 
*'  ply'dto  clofe  its  orifice.  Thisdone,  ifyoutakeaway  thelowcr  fiDger,iue 
*'  upper  will  be  ftrongly  drawn,  and  fuck'd  into  the  tube,  and  adhere  to  it 
"  lb  firmly,  that  it  will  elevate  ihe  tube  itfelf,  with  all  the  quick-filver, 
"  and  make  it  hang  pendulous  in  the  veflel.  Since,  then,  the  quick-lUver 
*'  in  fuch  a  tube  muft  be  thruft  upwards  by  the  preponderating  air ;  k  can 
"  never  be  hence  explain'd,  how  the  finger  is  fo  drawn  downwards,  and 
'*  made  fo  ftrongly  to  adhere  to  the  tube.  For  it  cannot,  by  the  air  for- 
"  cing  upwards,  bedrawndownwards."  In  anfwer hereto,  lalledge,  that 
a  go«l  account  may  be  given  of  this  experiment,  upon  our  hypothcfis, 
which  is  lufficient  to  (hew  theargument  not  to  be  mianfwerablc. 

I  deny  then,  that  the  finger  is  drawn  downward  or  made,  by  fufUflo,  to 
adhere  to  the  tube,  otherwife  than  wehavealready  explain'd. 

He  fays  indeed,  that  the  air,  which  thruft  up  the  quick-filver,  cannot 
fo  ftrongly  draw  down  the  finger :  as  if  the  air  were  not  a  fluid  body,  but 
a  fingle  and  entire  pillar  of  fome  folid  matter. 

However,  when  the  tube  is  fill'd  with  quick-filver,  the  finger  that  ftops 
the  upper  orifice  is  almoft  equally  prefs'd  above,  and  at  the  fides,  by  the 
contiguous  air  i  and  when  the  lower  finger  is  remov'd,  the  cylinder  of 
mercury,  wluch  before  gravitated  upon  the  finger,  comes  to  gravitaW  up- 
on the  ftagnant  merairy,  and,  by  its  intervention,  prefies  agamft  the  out- 
ward air  j  fo  that,  againft  thofe  parts  of  the  fiager,  that  are  contiguous  to 
the  air,  there  is  all  the  wontea  preffure  of  the  external  ur  ;  bat  aninft 
tlMt  pulp  contiguous  to  the  mercury,  not  fo  much  prelTure,  as  agaitS  the 
other  pans  of  ttiefeger,  by,  about  two  thirds ;  becaufe  the  nercurial  cy- 
linder, in  this  experiment,  is  fuppos'd  to  be  twenty  inches  high  ;  and  if  it 
were  but  a  little  more  than  thir^  inches  high,  the  weight  of  the  quick-fil- 
ver would  take  off  not  two  thirds  only,  but  the  whole  preffure  of  the  out- 
ward air  from  the  pulp  (^  the  finger.  For,  in  that  cale,  the  quidc-filver 
would  quite  defert  It,  and  fettle  below  it.  Wherefore,  fince  I  have^ore 
ifaewn,  that  the  preffure  -of  the  outward  air  is  taken  off  from  the  body 
that  remains  in  the  «pper  part  of  the  tube,  according  to  the  wei^t 
ti  the  liquor  fuQ»eaded  in  it  j  and  iince-onour  hypotbe&s,  chepxefluxeof 
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the  outWArd  air  it  able  to  keep  thirty  inches  of  quick-(ilver,  or  thirty-  'vtv^Avit i. 
two,  or  thirty-^hree  feet  of  wttcir  fufpcnded  j  'tis  no  wonder,  ifapref-  ^^^^^^^^ 
fure  of  the  ambient  air,  equal  to  the  weight  of  a  cylinder  of  water,  of 
neAr  twenty-two  £9et  long,  ftould  be  able  to  thruft  in  the  pulp  of  the 
finger,  at  ttie  upper  (ttifice  of  the  tube,  and  make  it  ftick  clofely  to  the 
top  of  it. 

I  know  our  author  affirms,  that  no  prefTure  from  without,  can  ever  tf- 
§oSt  fuch  an  adbefioa  of  the  finger  to  the  tube  :  but  this  fliould  be  pro- 
ved. Nor  coukl  I,  upon  trials  find  the  adhefion  of  the  finger  to  the  tube,  to 
be  near  fo  ftrong  as  our  author  relates :  but,  if  you  endeavour  to  tfa^ft* 
the  pulp  of  your  finger  into  the  orifice  of  the  tube,  you  may,  through 
the  glals>  perceive  it  to  be  manifeftly  tumid,  in  the  cavity  of  the  pipe. 
And  if^  by  preffing  your  finger  againft  the  orifice,  you  fiiould  not  make  the 
pulp  adhet^  quite  (q  ftron^y  to  the  tube,  nor  fwdl  quite  fo  much  within 
k,  as  may  happen  in  fome  mercurial  experiments  ;  it  is  to  be  confiderMj 
that  the  air  being  a  fluid,  as  well  as  a  heavy  body,  does  not  prefs  only 
tgainft  the  upper  part  of  the  finger,  but,  upon  as  much  <^it  as  is  exp<^a 
t&ieto,  almoft  every  way  unim^mly  and  ftrongly ;  and  fo,  by  its  lateral 
prdflfurc,  thrufts  the  pulp  of  the  fitter  into  the  orifice,  where  there  is 
leaft  refiftance. 

Hence,  we  need  not  borcow  the  objef^ion,  our  author  oflfi^rs  to  lend,  that, 
in  the  experiment  under  confideration,  thequick-filveris{>refs'd  downward 
by  the  ^ring  of  fome  air  lurking  betwixt  it  and  the  finger ;  (tho'  fuch  a 
thing  might  eafily  happen)  fince  we  lately  proved  the  contrary.  And  as  for 
what  he  adds  to  confirm  his  argument,  that  ^^  if  the  preponderating  air 
^*  fucceed  in  the  place  of  the  km'er  finger,  which  was  withdrawn ;  thst 
^'  is,  (if  it  fuftain  the  quidc-tilver  after  the  fame  manner,  tis  by  the 
**  lower  finger  apply  Vi  under  it ;  it  is  manifeft,  that  the  finger,  on  the 

top,  ought  to  be  no  more  drawn  downwards,  after  the  lower  finger 

is  removed,  than  before :  but,  experience  teacheth  the  contrary  i*  we 
muft  coirfider,  that  ^le  tube  being  fuppofed  perfeftly  full  of  mer- 
cury, tte  finger,  wliich  ilops  the  fower  orifice,  is  ufually  kept  ftrongly 
pirn  d  againft  it,  left  any  t^  that  ponderous  fluid  fliouki  get  out :  fi>  that 
ilio'thc  lower  fii^r  keeps  up  the  mercury  in  the  tube,  and.  (he  prefluK 
of  the  outward  air-wocrfd  A)  fe  too ;  yet  there  is -this  difierence,  that  thc^ 
icrefittre  t^  the  atmoQyheie,  depending  upon  its  we^ht,  cannot  be  increa* 
ted^  and  weaken^das  we p)«ue,  like  the  undermoft  fin^.  And,  there- 
^nr,  whereas  the  atmofpherical  cylinder  will  not  fuflain  one  of  quick-- 
Tihrer,  above  jo  indies  hi^,  thofe  who  makethe  TirriceBiM  experiment,  often 
ieep  up,  with  the  finger,  a  mercurial  cylinder  of,  perhaps,  50  inches  ;  fo 
iJiat,  in  our  x»fi?,  before -die  removal  of  the  imdcr  finger,  the  pulp  of  the 
tippcrmoft  muft  fuftain  afbout  the  'feme  nreflure,  Where  it  is  contiguous 
to  the  mercury,  tis  the  other  part  <*  the  feme  ftwer ;  after  tfe  re- 
moval of  the  under  ^finger,  there  is  -as  much  pr«ure  of  the  atmo- 
ij>here  taken  dflf&om  the  ^tdp,  as'bitenees  a  cyUnderof  guitik^filves  20 
inches  high. 
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Our  author's  laft  experiment  is  thus  propofeU  :  "  Tliis  opiiiioo  is  falfe, 
'  "  btcaufi:  thence  it  would  follow,  that  quick-filver,  thio'  a  like  tube,  might 
"  be  fuck'd  with  the  fame  eafe  out  of  a  vcflel,  as  water ;  which  is  oncrajy 
"  to  experience  :  for,  according  to  this  opinion,  that  the  fluid  underneath, 
"  whether  water,  or  mercury,  may  fo  afccnd,  no  more  is  required,  than 
"that  the  air,  in  the  tube,  be  drnwn  upwards  by  fuftion  ;  when,  the 
"  liquor  below,  will  immediarely  afcend,  bein;:;  inij>ell'd  by  the  external  air, 
"  which  now  preponderates"  But  we  fornierly  fliew'd,  that  when  the 
ijiercurial  cylinder,  which  refts  upon  the  ftagnant  mercury,  has,  at  the 
other  end  of  it,  air  kept  from  any  commaijication  witli  the  atmoff^erc, 
that  included  air  has  fo  much  of  die  preffure  of  the  external  air  taken  off 
from  it,  as  balances  the  mercurial  cylinder.  And  the  finger  expo- 
sed to  the  whole  preiTure  of  the  ambient  air,  la  fome  of  its  parts,  and 
in  others  but  to  tlie  much  fainter  prcflure  cf  the  included  air,  fuftainS 
an  unufual  prcflure  from  the  prepunderating  power  of  the  atmofpherc 
Thus,  the  thorax,  and  the  mufcies  of  the  abdomen,  which  fer\'c  for  re- 
li>iration,  fuftain  the  prclVure  of  tlie  whole  ambient  air ;  tho'  thefe  mufcles 
are  able,  without  any  confiderable  refinance,  to  dilate  the  thorax  ;  becauib 
as  faftasthey  cpcn  the  cheil,  and,  by  dilating  it,  weaken  the  fpring  of 
the  included  air,  the  external  airrulhing  in,  for  want  of  the  ufual  refiftance 
there,  keeps  that  within  the  thorax,  in  an  equilibrium  to  that  without  < 
We  fay,  then,  that  if  a  cylinder  of  mercury  be,  by  fudlion,  rais'd  in  the 
tube  to  any  confiderable  height,  the  prelTure  of  the  air  in  the  thorax,  is 
letien'd  by  the  whole  weight  of  that  mercurial  cylinder  ;  and,  coniequentty, 
the  refpiratory  mufcies  are  thereby  difaWed  from  dilating  the  chcft,  as 
freely  as  ufnal.  But,  if  inftead  of  mercury,  you  fubftitute  water,  fo 
ftiort  a  cylinder  of  that  takes  offfo  little  of  the  preiTure  of  the  inclu- 
ded air,  that  it  comes  into  the  lungs  with  almoft  its  ufual  ftrength  j  and, 
confequently,  with  almoft  the  fame  force  wherewith  the  external  air  prefles 
againft  the  thorax. 

And  there  is  an  experiment  of  M.  Pafihal's,  which  fliews  clearly,  that  if 
we  could  free  the  upper  part  of  a  tube,  from  the  preflure  of  all  internal 
air,  the  quick-filver  (as  our  author  fays,  it  fliould)would,  by  the  prefliire  of  the 
outward  air,beimpeU'dup  into  the  tube,  as  well  as  water,  till  it  had  attain'd 
a  height  fufficient  to  makeits  weight  equal  to  that  of  the  atmofpherc.  The 
experiment  itfelf  is  this  :  "  If  a  glafs  fyringebe  made  of  a  fufficient  length  ; 
*' and  after  the  fucker  is  thruft  into  the  utmoft  orifice,  it  be  plung'd  in  the 
"  mercury,  as  icon  as  the  fucker  is  drawn  out,  the  mercury  follows,  and  af- 
"  cends  to  the  height  of  two  feet,  three  inches,  and  a  half.  And  when,  af- 
"  terwards,  tho'  no  greater  force  be  added,  the  fucker  is  drawn  higher, 
•  *'  the  mercury  ftands,  and  follows  no  farther  ;  whence  that  fpace  remains 
"  empty,  which  lies  between  the  mercury,  and  the  fucker."  So  that 
we  may  well  explain  our  author's  experiment,  by  fayinjj,  that  in  a  more 
forcible  refpiration,  the  mercurial  cylinder  is  rais'd  higher  than  in  a  more 
languid  one  ;  becaufe,  in  the  former,  the  cheft  being  more  dilated,  the  in- 
cluded air  is  alfo  more  e;ipanded,  whereby  its  weakned  fpring  cannot,  as 
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before^  enable  the  mercurial  cylinder  to  balance  the  preffure  of  the  ambi- ^'^^JJJJl*^ 
ent  air.  And  the  reafbn  why  the  auick-filver  is  not,  by  refpiration,  ^^^'^^ 
raisM  as  high  as  *tis  kept  fufpendea  in  the  Torricellian  experiment,  is 
not  the  preflure  of  the  outward  air  being  unable  to  raife  it  fo  high  ,'  bu^ 
becaufe  the  free  dilatation  of  the  thorax,  is  oppofed  by  the  preffure  of  the 
ambient  air ;  which  preflure  being  ajgainn  fo  great  a  fuperncies,  and  but 
imperfeftly  refifled  by  the  weakned  iprine  of  the  air  in  the  thorax,  will  be 
very  confiderable ;  fince,  in  our  engine,  the  preffure  of  the  external  air  a- 

fainft  the  fucker  of  lefs  than  three  inches  diameter,  w^s  able  to  raife  an 
undred  weight.  And,^  by  the  way,  when  we  ftrongly  fuck  up  quick-filver 
in  a  glafs  tube,  tho*  the  elevation  thereof  proceeded  from  our  author's  F//- 
niculus^  contrft^ing  iffclf  every  way ;  and  tho*  there  be  ^  communication 
betwixt  the  interqjU  furface  or  the  lungs,  and  the  cavity  of  the  tube  ;  j'et 
we  feel  not,  in  pur  lungs,  any  endeavour  of  the  ihrinking  cord  to  tear  off 
that  membrane  they  are  lined  with. 

Our  author  further  fays,  that  "  the  fpringof  the  air  can  perform  nei- 
**  tber  more  ppy  Ufe,  in  a  clofe  place,  than  its  equilibrium  in  an  open  one.'' 
But  I  allow  pf  this  opinionj,  only  in  ibme  cafes ;  for,  in  others,  we  have 
per£^rmed  much  more  by  the  fpnng  of  the  air,  which  we  can,  within  cer- 
tain limits,  increafc  at  pleafure,  than  can  be  performed  by  the  bare  weight, 
which,  for  ought  we  know,  remains  always  nearly  the  fame.  And  of 
this  difference,  we  formerly  gave  an  inftance  ;  when,  by  compreffing  the 
air,  in  the  receiver,  we  impeUM  the  mercurial  cylinder  higher  tlian  the 
ilficion  at  which  the  balance  of  the  air  fuilains  it. 

Qur  author  gdds,  th^t  **  fince  the  experiments  of  the  adhefion  of  the 
**  finger,  tXc.  fuccet^d  alike  in  a  ciofc  ^nd  open  place,  the  arguments  pro- 
"  duced  againft  the  equilibrium,  make  alfo  againft  the  fpring  of  the  air.'* 
This  has,  already,  been  anfwer'd  ,•  but  fince  he  fays,  that  the  experi- 
ments, concerning  the  adhefion  of  the  finger,  &c.  fucceed  equally  in  a  clofe 
and  open  place,  I  wi(h  he  had  told  us  what  way  he  took  to  make  them  ;  for, 
in  orcUnary  rooms,  there  fcarce  ever  wants  a  communication  betwixt  the 
internal  and  external  air,  by  means  whereof,  the  weight  of  the  atmofphere 
has  its  ef&A  within  the  room. 

Our  author  fuppofes,  that  what  we  afcribe  to  the  fpring,  and  weight  nhfAMVuW 
of  the  air,  is  performed  by  a  fort  of  Funiculus^  confifting  ct  a  thin  fub-^J^'^**^ 
ftance,  greatly  expanded  i  which,  lying  bet^veen  two  bodies,  endeavours 
to  contraft  itfelf^  and  to  bring  thete  bodies  together,  to  avoid  a  vacuum  ; 
by  nature's  abhorrence  whereof,  he,  (it  length,  folves  all  phenomena. 

His  firft  argunient  for  this  is,  that  the  finger  would  not  be  drawn  down, 
by  the  defcent  of  the  mercury  in  the  Tarriceffiau  tube,  were  there  not  ^  Fu^ 
niculus ;  and  that,  were  no  thin  fiibftance  there  extended,  a  vacuum  mufl 
enfuc. 

But  this  ^um^nt  b^ing  deduced  firopi  the  fudion  of  the  pulp  of  the 
finger^  upon  the  defcent  ofthe  mercury,  Ivts  been  anfwer'd  already.  Ano- 
ther argumen^  whi^b  he  alle4s^  Sg»inft  a  vacuum^  is,  the  trai^parency 
^  that  part  of  tbe  taitb<b  whpiQ  M$  faid  to  be :  fiar^  Fere  there  a  vacuum^ 
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Sji?''"' he  fays,  it  would  be  like  a  black  pillar,  neither  able  toafifordany  tbingnlSjfc, 

^^^  nor  to  permit  objects  to  appear  thro'  it. 

But  the  invalidity  of  this  aflertion  appears  from  the  doftrine  of  the  ato- 
mifts,  who  teach,  that  light  is  made  up  of  fuch  fubtile  effluvia,  as  are  a- 
ble  to  penetrate  glafs,  and,  therefore,  may  leave  many  vacuities,  tho'  the 
cavity  cf  the  cylinder  Jeems  full  of  it ;  and  nodoubt,  were  the  parrs  of  the 
lucid  matter  contrafted,  they  would  not  fill  one  tenth  of  that  fpacc ;  fince  the 
fmoke,  which  fill'd  our  receiver,  fo  as  to  make  it  appear  c^ke,  poiTcfs'd, 
when  coiidcns'd,  only  a  fmall  part  thereof. 

Thus  a  room  may  appear  full  of  the  finoke  of  a  perfime,  the*,  if  all  the 
corpufcles  that  compoi'c  the  fmoke  were  re -united,  they  would  make  up 
but  a  fmall  paftil.  A  little  camphire,  alfo,  will  fill  a  room  with  its  odour; 
but  having,  in  well  clos'd  glades,  caught  the  fumes  of  it  driven  over  by 
heat,  and  again  reduced  them  into  true  camphire,  I  found  its  bulk  very  in- 
confiderable,  in  comparifon  of  the  fpace  it  poffefleSj  when  its  fccntcd  cor- 
corpufcles  are  fcatter'd  thro'  the  air. 

I  might  add,  that  if  the  Torrkellian  experiment  fuccecd  in  the  dark,  it  may 
well  be  doubted,  whether  our  author's  argument  will  hold.  For  if  he  en- 
deavours to  prove,  that  the  place  in  queftion  was  full  in  the  dark,  becaufe, 
upon  letting  in  the  light,  a  light  appears  within  it  i  we  may  reply,  that  this 
light  is  a  new  one,  fiowingfromthe  lucid  body,  that  darts  its  corporeal  rays 
thro'  the  glafs  and  fpace  in  difpute,  which,  for  want  of  fuch  corpufcles, 
were  not,  juft  before,  vifible. 

'  And,  fuppoling  Ught  to  be  made  by  a  propagation  of  the   jmpulfe  of 

fT  lucid  bodies  thro'  tranfparent  ones,  yet  it  will  not  thence  follow,  chat  the 
deferted  part  of  the  tube  muft  be  full :  in  one  of  our  experiments,  tho' 
many  of  thofe  grofs  aerial  particles,  that  appear  nccefiary  to  convey  a  lan- 
guid found,  were  foon  drawn  out  of  the  receiver,  yet  there  rcmain'd  fb 
many,  that  the  others  were  not  mifs'd,  till  a  far  greater  number  was  ex- 
trafted ;  and  thus  there  may  remain  matter  enough  to  tranfmit  the  impulfe 
of  light,  tho'  betwixt  the  particles  of  that  matter  there  fhould  be  numberlefs 
vacuities :  yet  our  author  pretends  to  prove  abfolutely,  that  there  is  no 
vacuity  in  the  difputed  fpace.  And  fliould  a  Cartefian  fay,  the  defrrted  pare 
of  the  tube  is  filled  with  Materia  fuhtilis,  he  muft  allow  the  preflure  of  the 
outward  air  to  be  the  caufe  of  the  fuipenfion  of  the  quick-lilver ;  for  tho' 
the  Materia  fubtilii  may  readily  fill  the  fpaces  deferted  by  the  mercury ;  yet 
that  within  the  tube  cannot  hinder  fo  ponderous  a  liquor  from  fubfiding  as 
low  as  the  ftagnant  mercury  :  fince  the  whole  tube,  being  pervious  to  that 
fubtilc  matter,  it  may,  with  like  facility,  fucceed,  in  whatever  part  of  it 
fliall  be  forfaken  by  the  quick-filver. 

Our  author's  next  argument  is,  that  the  mercurial  cylinder,  reft- 
ing  at  its  wonted  ftation,  does  not  gravitate;  as  appears  by  applying 
the  finger  to  the  immerfed,  or  lower  orifice  of  the  tube :  whence  he 
infers,  that  it  muft,  of  neceffity,  be  fufpended  from  within  the  rube. 
And,  indeed,  if  the  finder  be  applied  to  the  open  end  of  the  tube,  before 
'tie  quite  hftetl  out  of  tne  ftagnaut  mercury,  the  experiment  will  fuccecd  ; 
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tlie  finger,  however,  will  feel  a  gravitation,  or  preflure,  of  the  glafi-tubc,  ?*^^«««- 
and  the  contained  mercury,  as  of  one  body ;  but  no  fenfible  preflTure  of  * 
the  n^ercury  a-part,  as  it  it  endeavoured  to  thruft  away  the  Hnger  from 
the  tube.  Now,  according  to  our  hypothefis,  the  mercurial  cylinder, 
and  the  air,  balancing  one  another,  the  finger  fuftains  not  any  preflTure, 
fenfibly  diflfering  from  the  ambient  ah',  that  prefles  acainft  the  nail,  and 
fides  c*  it,  and  from  the  included  auick-filver  that  prefles  againft  the  pulp. 
But  if  die  mercurial  cylinder  fliould  exceed  the  ufual  length,  then  the  finger 
would  feel  fome  preflure  from  that  additional  quick-filver,  which  the  air 
does  not  aflift  the  finger  to  fuftain :  fo  that  this  phenomenon  may  as  well 
be  fblved  on  our  hypothefis,  as  on  our  author's.  But  how  comes  the  mer- 
cury in  the  tube,  when  of  a  due  altitude,  to  run  out,  upon  removal  of  the 
finger  beneath,  if  it  be  fuftained  only  by  an  internal  cord ;  and,  when 
that  fuftains  it,  to  refemble  a  folid  body,  if  the  preflure  of  the  external  air 
has  no  fhare  in  it  ? 

If  it  be  here  faid,  that  the  finger  muft  feel  great  pain,  by  being  fqueezed 
betwixt  a  pillar  of  thiny  inches  of  quick-  Clver,  and  an  equivalent  preflure 
from  the  atmofphere  >  we  muft  obferve,  that,  in  fluids,  a  folid  has  not  that 
fenfe  of  preflure  from  furrounding  bodies,  which  men  are  apt  to  imagine ;  as 
appears  from  divers :  and  I  am  informed,  that  the  learned  Maignany  tho' 
he  purpofely  thruft  his  hands,  three  or  four  palms  deep,  into  quick-fitver, 
his  fingers  were  not  fenfible  of  any  weight,  or  preflure. 

Laftly,  our  author  tells  us,  that  thofe  remarkable  vibrations  the 
**  quick-fijver  makes,  in  its  defcent,  favours  his  hypothefis.**  But  this 
phenomenon,  alfb,  is  eafily  folved  on  our  hypothefis :  for  when  the  ex- 
periment is  made  in  a  clofe  place,  as  our  receiver  is,  mercury,  by  its  fud- 
den  defcent,  acquires  ah  impetus,  befides  the  preflure  it  has  upon  account 
of  its  gravity :  whence  it,  for  a  while,  falls  below  its  ftation,  and  thereby 
comprefles  the  air  that  k&s  upon  the  ftagnant  mercuiy;  which  air,  by  its 
own  fpring,  again  forcibly  dilating  itfel^  to  recover  its  former  extenffon, 
expands  beyond  it,  and  thereby  impels  up  the  quick-filver  fomewhat  above 
its  wonted  ftation ;  in  its  fall  from  whence,  it  again  acquires  a  power  to 
comprefs  the  air  :  and  this  reciprocation  of  preflure,  betwixt  the  quick- 
filver,  and  the  external  air,  decreafing  by  degiees,  at  length  wholly  ceafes, 
as  the  mercury  loles  that  additional  preflure  it  acquired  by  falling  from 
parts  of  the  tube,  higher  than  its  due  ftation.  But  this  way  of  explicating 
thefe  vibrations,  is  not  neceflary  in  the  free  air ;  for  if  we  confider  the  at- 
mofphere only  as  a  weight,  and  allow  an  impetus  acquired  by  defcent,  the 
phenomenon  will  be  eafily  explained  by  a  balance,  wherein  one  of  the 
icales  chancing  to  be  deprefled,  they  do  not,  till  after  many  vibrations,  re^ 
gain  their  eqiulibrium. 

I  took  a  glafs-fiphon,  whofe  two  Ic^s,  unequal  in  length,  were  parallel, 
and  both  perpendicular  to  that  part  of  the  pipe  which  joined  them  ;  and 
poured  quick-filver  into  it,  till  twas  fome  inches  high,  and  equal  in  both 
legs ;  then  the  fiphon,  being  inclined,  ^till  moft  part  of  the  quick-filver  wais 
fallen  into  one  of  the  Iqgs^  I  ftopp^  the.  orifice  of  the  other  with  my 
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JgJiP*"- finger:  and,  erefting  the  liplion  again,  tho'  the  quick-filver  ^«^e  forced 
^^^-^  to  afcend  a  little  in  ihat  flopped  ieg  ;  yet,  becaufe  my  finger  prevented 
the  air  from  getting  away,  the  quick-filvcr  was  kept  much  lower  in  the 
flopped  leg  than  in  the  other :  but  if,  by  fuddenly  removing  my  finger,  I 
gave  vent  to  the  included  conipreffed  air,  the  preponderant  quick-filver, 
m  the  other  leg,  would,  with  the  mercury  in  the  open  one,  make  feveral 
nndulations  before,  in  both  legs,  it  refted  in  an  equilibrium.  NoWj  b 
this  cafe,  there  is  no  pretence  for  a  Funiculus  oi  violently  diftended  aiTj 
to  caulc  the  vibrations  of  the  mercury. 

But  there  axe  many  particulars  whicli  render  the  funicular  hypothcfis 
improbable. 

And,  firft,  our  author  acknowledges,  thatquick-filver,  water,  wine,  <^V. 
as  well  one  as  another,  will  defcend  in  tubes,  cxaftly  feal'd  at  the  top, 
in  cafe  tlie  cylinder  of  liquor  exceed  the  weight  of  a  mercurial  cylinder  of 
twenty-nine  inches  and  a  half,  but  fubfide  no  longer  than  till  it  is  a  ba- 
lance To  a  cylinder  of  quick-filver  of  that  height.  Now  it's  very  ftrangc, 
that,  whatever  the  liquor  be,  there  (hould  be  juft  the  fame  weight,  or 
ftrength,  to  extend  tlicm  into  a  Famm/aj.  And  this  is  the  more  Turpri- 
zing,  becaufe  our  author  makes  fo  great  a  dif&rence  betwixt  the  difpofi- 
tion  of  bodies  of  various  confiftences  to  be  extenuated  into  a  Funiculus,  that 
he  will  not  allow  any  human  force  able  to  produce  one  by  the  divulfionof 
two  Hat  marbles,  in  cafe  the  contaft  of  their  furfaces  were  £b  exquifitc, 
as  quite  toexclude  all  air;  tho'  his  reafoning  plainly  agrees  with  experience, 
that  adhering  marbles  may  be  forcibly  fever'd  J  and,  therefore,  according  to 
him,  the  fuperficial  parts  may  be  dlAended  into  a  Fuuiculus,  that  prevents  a 
Vacuum.  But  our  hypothefis  labours  not  under  this  difficulty  ;  for  the  weight 
of  the  external  air,  being  that,  which  keeps  liquors  fuipended  in  feal'd 
tubes,  it  matters  not  of  what  nature  or  texture  the  fulpended  liquor  is, 
provided  its  weight  be  the  fame  with  that  of  a  mercurial  cylinder  equipoik- 
derant  to  the  aerial  one. 

In  the  next  place,  I  obferve,  that  the  account  our  author  gives  of  his 
Funiculus,  is  much  more  ftrange  than  fatisfailory,  and  not  made  out  by  any 
unqueftionable  parallel  operations  of  nature :  whereas,  the  weight 
and  fpring  of  the  air  maybe  inferr'd  from  fuch  certain  experiments,  as  are 
not  concem'd  intheprefentcontroverfy.  For  the  gravity  of  the  air  maybe 
manifefbed  by  a  pair  of  icalesj  and  its  fpring  isdiiclos'd  fo  clearly  in  wind^ 
guns,  and  other  inftruments,  that  our  author  does  not  deuy  it.  But  in  the 
explanation  of  his  Funicuius^  he  would  have  us  remark  two  things  ;  firft, 
"  that  the  quick-filver  which  fills  the  whole  tube,  doth  not  only  touch  the 
*'  top  of  it,  but  firmly  ftick  to  it ;  and  that  the  finger  adheres  to  the  mercury  ,• 
"  (incelho'theorificeof  the  tube  be  oil'd,  that  will  not  hinder  it  from  flick- 
"  ing,  as  firmly  as  before."  But  two  bodies,  by  trufion,  may  eafily  be 
made  to  flick  together,  as  much  as  the  tube  and  feiger  do,  tho'  one  of  them 
be  oil'd ;  befides,  this  adhefion  of  the  finger  to  the  tube  will  liappen,  noc 
only  when  the  furfaceof  the  included-quick-filver  is  contiguous  to  the  fin- 
ger, but  many  inches  below  ic    Water  ^cd  quiclc-Jjlverj  Jw  iays,  afcend 
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by  fuftion,  "  bccaufe  the  parts  of  the  air  included  in  the  tube,  are  now  fof'^j;;;^'^' 

firmly  glued  to  one  another,  that  they  make  a  ftrong  chain,  whereby  the ' 
**  water  and  quick-  filver  are  drawn  up.'*  Which  way  of  wreathing  a  lit- 
tle rarified  air  into  fo  ftrong  a  rope,  is  h'^ly  improbable. 
Secondly,  he  fays,  that  "  the  rarifaftion,  or  extenfion  of  a  body,  fo 
as  to  make  it  take  up  more  fpace,  is  not  only  caufed  by  heat,  but  by 
diftenfion,  or,  a  certain  disjoining  power ;  as  condenfation  is  not  only 
"  made  by  cold,  but,  alfo,  by  compreffion/*  And,  'tis  true,  and  devious, 
that  the  condenfation  of  bodies,  (taking  that  word  in  a  large  fenfe)  may 
be  made  as  well  by  comprelfion,  as  cold.  But,  I  ^fh  he  had  mors 
clearly  exprefs'd,  what  he  means,  in  this  place,  by  that  rari£a£Hon,  which^ 
he  £iy  s,  is  to  be  made  by  a  disjoining  power ;  whereof,  he  tells  us,  there  are 
innumerable  inftances.  For,  as  far  as  may  be  gathered,  from  the  three  ex- 
amples he  fubjoins,  'tis  only  the  air  that  is  capable  of  being  fo  extended, 
as  his  hypothefis  requires  quick-filver,  and,  even  ftones,  to  be.  And,  how 
yrilX  he  prove,  that  even  air  may  be  thus  extended,  to  fill  two  thoufand 
times  the  fpace  it  pofifefs'd  before  ?  For,  that  the  fame  air,  adequately 
fills  more  fpace  at  one  time,  than  another,  he  proves  but  b^  the  nifhing  of 
water  into  the  evacuated  elafs,  and  iilmoft  filling  it ;  which,  he  fays,  is 
done  by  the  diftended  air,  that  contracting  itfelf,  draws  up  the  water  with 
it.  The  explanation  he  j^ves  of  his  FUniMuSy  is  this :  **  Since  'tis  manifefl, 
"  that  the  quick-filver  fticks  to  the  top  of  the  tube ;  and  that  rarifaftion 
is  made  by  the  mere  diftenfion  of  a  body,  it  happens,  that  the  defcend- 
ing  quick-filver  leaves  its  upper  fuperficies  fix'd  to  the  top  of  the  tube ; 
and,  by  its  weight,  fo  ftretches,  and  extenuates  it,  till  it  becomes  ea- 
fier  to  leave  another  fuperficies,  in  like  manner,  than  to  extend  that  any 
**  further.  It  leaves,  therefore,  a  fecond  ;  and,  by  its  defcent,  extends 
^'  that  a  Httle  further,  till  it  becomes  eafier  to  feparate  a  third,  than  to 
^  extend  that  any  more ;  and  £o  on,  till,  at  length,  it  hath  no  power  to 
feparate,  or  extend  any  more  furfaces,  when  it  comes  to  the  height  of 
ap  -r  inches,  where  it  refls.*'  Hence  'tis  eafy  to  difcem,  that  he  is  oblig'd 
to  affign  his  Funiculus  a  ftrange  and  unparallel'd  way  of  produdlion.  Now^ 
1  muft  demand,  by  x^at  force,  upon  the  bare  feparatton  of  the  quick- 
filver,  and  the  top  of  the  tube,  the  new  body,  he  mentions,  comes  to  be 
produced  ;  or,  how  it  appears,  that  the  mercury  leaves  any  fuch  thing,  as 
he  fpeaks  of,  behind  it  ?  For,  the  fenfe  perceives  nothing  of  it  at  the  top 
of  the  tube ;  nor,  is  it  necef&ry  to  explain  the  phenomena ;  as  we  have  for«- 
merly  feen.  And  how  fhould  the  bare  weight  of  the  defcending  mercury, 
be  able  to  extend  a  fui&ce  into  a  body  ?  Befides,  the  fucceflion  of  fur- 
£ices  is  a  chimera  :  or,  fuppdfine  fome  of  the  quick-filver  were  tum'd  in* 
CO  a  thin,  fubtile  fubfiimce,  yet,  how  comes  that  fubfbmce  to  be  contriv'd 
into  a  Funiculus  of  fo  fh^i^  a  nature,  that  fcarce  any  wdeht  can  break 
it  ^  and  that,  contrary  to  au  other  firings,  it  mav  be  fhetch'^  without  be- 
coming more  flender,  and  obtains  other  vetv  odd  pix)perties  ? 

Our  author  fays,  indeed,  that  ''  thefe  furfiices  feem  to  be  ieparated 
^  from  the  quick-filver,  and  to  be  extended  into  a  moft  flender  firing,  by 
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^-^  *■"  the  falling  weight,  after  tiie  lame  manner,  that,  in  a  lighted  candle,  fur- 
^^*^ '' faces,  of  Ske  fort,  are  feparated  from  the  wax,  or  tallow,  underneath, by 
''  the  heat  above,  and  extenuated  into  a  moft  fubtiie  flame  j  which,  doubt- 
"  lefs,  takes  up  above  a  thoufand  times  more  fpace,  than  the  part  of  the 
"  wax,  of  which  the  flame  conlifted,  polfefs'd  :  lb  our  Punimlus  takes  up  fl. 
"thoufand  times  more  fpace,  than  the  fmall  particle  of  mercury  from 
"  whence  it  arofe"  Ana  this  is  the  only  example  whereby  our  author 
endeavours  to  illuftratc  the  i,'eneration  of  his  Funiculus.  But  here  incer- 
Tcnes  a  confpicuous,  ar.d  powerful  agent,  aftual  fire,  to  fever  and  agitate 
the  parts  of  the  candle;  and  belides,  there  is  a  manifeft  wafting  of  the  wax, 
ortflllow.tum'd  into  flame:  and  we  muft  not  admit  that  the  fewel,  when 
tiirn'd  to  a  flame,  really  fills  fo  much  as  twice  the  genuine  fpace,  as 
the  wax  'twas  made  of.  For,  rhe  flame  is  little  lefs  than  an  ag- 
gregate of  tho(e  corpulclcs,  which,  before,  lay  upon  the  upper  lu- 
perficies  of  a  candle,  and  were,  by  the  violent  hear,  divided  into  minu- 
ter particles,  vehemently  agitated,  and  brought  from  lying  flat,  to  beat 
fcft' one  another,  and  make  up,  about  the  wiecl^fuch  a  figure  as  is  ufual  id 
the  flame  of  candles,  biu-ning  in  the  free  air.  Nor  will  it  neceffarily  fol- 
low, that  the  fpace,  which  the  flame  feenis  to  take  up,  (hould  contain  nei- 
ther air,  nor  jcther,  or  any  thing  befides  the  pares  of  that  flame,  becaufe  the  . 
eye  can  difcern  no  other  body  there  ;  for,  even  the  fmoke,  afcending  from 
the  fnutf  of  a  candle,  newly  extinguifli'd,  appears  a  dark  pillar,  the'  there 
are  many  aerial,  and  other  invifible  corpufcles  mix'd  with  it :  io  that  if  all 
tliofe  parts  of  fmoke,  which  fliew  large  in  the  air,  were  colleifled,  and 
contiguous,  they  would  not,  perhaps,  amount  to  the  bignefs  of  a  pin'* 
head  ;  as  may  appear  from  the  great  quantity  of  fleams,  that,  in  chymical 
veflels,  go  to  make  up  one  drop  of  fpirit.  And,  therefore,  as  our  author, 
to  inforce  his  former  example,  ailedges,  the  turning  of  a  particle  of 
quick-filver  into  vapour,  by  fire  ;  if  fuch  be  the  rarifa£tion  of  mercury, 
'tis  not  at  all  likely  to  make  fuch  a  Funicului  as  he  talks  of;  lince 
thofe  mercurial  fumes  appear,  by  various  experiments,  to  be  mercury  di- 
vided, and  thrown  out  into  minute  parts  j  whereby,  tho'  the  body  obtain 
more  of  furface,  than  it  had  before,  yet,  it  really  fills  no  more  of  true 
and  genuine  fpace;  fince,  if  all  the  particular  little  parts,  fiU'd  by  thefe 
li:attcr'd  corpufcles,  were  reduced  into  one,  as  the  corpufcles  themfclves 
often  are,  in  chymical  operations,  they  wou'd  amount  but  to  one  w^hole 
equal  to  that  of  the  mercury  before  rarifaftion. 

1  farther  demand,  how  the  Funiculus  comes  by  hooks,  or  parts  proper 
to  take  iaft  hold  of  all  contiguous  bodies ;  and  even  the  fmootheft,  fuch  as 
glafs,  the  calm  furface  of  quick-filver,  water,  oil,  tXc.  and  how  thefe  flender, 
and  invifible  hooks,  find  innumerable  loops,  in  fmooth  bodies,  to  take  hold  on 
lb  ftrongly,  as  to  lift  up  a  tall  cylinder  of  quick-filver  ;  and  draw  in- 
wards the  fides  of  ftrong  glafles,  fo  forcibly,  as  to  break  them  to  pieces  ? 
*Tis,  alfo,  fomewhat  ftrange,  that  water,  and  other  fluid  bodies,  iliould, 
when  the  Funiculus  once  lays  hold  on  their  fuperfidal  corpufcles,  prcfrnriy, 
like  confiftent  bodies*  be  drawn  up,  in  one  entire  cootiaued  piece  j  though, 
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even  m  the  exhaufted  receiver,  they  appear,  by  many  figns,  to  continue  ^"^SJiZ'*!* 

fluid.  \y^y^\u 

I  know,  that  by  calling  this  extenuated  fubftance,  a  Funiculus^  he  in- 
timates, that  it  has  its  fpring  inwards,  like  lute-ftriiigs,  and  ropes  forci- 
bly ftretch'd  ;  but  there  is  no  fmall  difparity  betwixt  them  :  for,  in  ftrings, 
there  is  required  either  wreathing,  or  fome  peculiar,  and  artificial  texture 
of  the  component  parts  ;  but,  a  rari£a£tion  of  air,  does  not  infer  any  fuch 
contrivance  of  parts,  as  is  requifite  to  make  bodies  elaftic.  And,  fince 
lute-ftrings,  &c.  muft,  when  they  ilirink  inwards,  either  fill  up,  or  leflen 
their  pores,  and  incrcafe  in  thicknefs,  as  they  diminifh  in  length;  our 
author's  Funiculus  differs  widely  from  them  ;  fince  it  has  no  pores  to  re- 
ceive the  ihrinking  pans  ;  and  contrails  its  length,  without  increafing  its 
thicknefs.  Nor  does  it,  to  me,  feem  very  probable,  that  when,  for  in- 
ftance,  part  of  a  polilh'd  marble  is  extended  into  a  Funiculus,  that  Funl-- 
cuius  Inrongly  afpires  to  turn  into  marble  again.  And  'tis  very  unlikely, 
that  the  fpace,  our  author  would  have  replenifli'd  with  his  funicular  fub- 
ftance,  fhould  be  full  of  little,  highly-ftretch'd  ftrings,  that  lay  faft  hold 
on  the  fur  faces  of  all  contiguous  bodies,  and  always  violently  endeavour  to 
pull  them  inwards.  For,  a  pendulum  being  fet  a  moving,  in  our  ex-^ 
haufted  receiver,  vibrated  as  freely,  and  with  the  ftring  as  much  ftretch'd, 
as  in  the  common  air.  Nay,  the  balance  of  a  watch  did  there  move  free- 
ly ;  which  is  hard  to  conceive,  if  the  moving  bodies  were  to  break  thro' 
a  medium  confifting  of  innumerable  ftrings,  exceedingly  ftretch'd.  And 
'tis  ftrange,  if  thefe  ftrings,  thus  cut,  or  broken,  by  the  parage  of  thefe 
bodies  thro'  them,  could  fo  readily  have  their  parts  re-united,  and  imme- 
diately be  made  entire  again.  And,  in  this  cafe,  the  two  divided  parts  of 
each  fmall  fbring,  do  not,  like  thofe  of  other  broken  ftrings,  fly  back  from 
one  another,  but  meet,  and  unite  again  ;  yet,  when  in  the  Torricellian  ex«* 
periment,  the  tube,  with  the  contain^  mercury,  is  fuddenly  lifted  out  of 
the  ftagnant  quick- filver  into  the  air,  the  Rauculus  fo  ftrangely  contra&s 
itfelf,  tnat  it  quite  vanifhes ;  fo  that  the  afcending  mercury  may  rife  to  the 
very  top  of  the  tube. 

But  this  is  not  all  that  renders  our  author's  hypothefis  improbable  ; 
for  it  neceflarily  fuppofes  fuch  a  rari&6tion^  and  Gondeniktion; .  as  is  un«^ 
intelligible. 

We  muft  here  premife,  that  a  body  is  commonly,  faidr^ to  be  rarified,  or  tit  mumh  tf  < 
dilated,  when  it  acquires  greater  dimenfions  than  it  had  before;  and  to^^jf**'**'"' 
be  condenfed,  when  it  is  reduced  to  lefs  dimenfions,  that  is,  into  a  lefs 
fpace  ;  and  that  tliere  are  three  ways  of  explaining  rarifa£kk>D  :  for,  ei-« 
ther  we  muft  fay,  that  the  corpufcles  whereof  the  rarified  body  confifts^ 
depart  from  each  other,  fo  that  no  other  fubfUnce  comes  in  between  them^ 
to  fill  up  the  deferred  fpaces  ;  or,  that  thefe  new  interftices,  are  but  di- 
lated pores,  replenifli'd,  as  thofe  of  a  tumid  fbunge  by  water,  with  fbme  fub-- 
tile  etnereal  fubfbince ;  or,  lafUy,  that  the  fame  body  does  not  only  obtain 
a  greater  fpace  in  rarifadlion,  and  a  lefler  in  condenfation ;  but,  ade? 
quatelyj  and  cn&\y  fills  it :  aad  fo^  when  laxified^  acquixes  larger  dk^ 

mofions^ 
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^•^^••■inenfions,  without  icaving  any  vacuities  betwixt  its  component  corpufc 


"fis  to  this  latl  way  of  rarifaftion,  ihac  our  author  has  recoiirfc^  -  _ 
this  hypothelis  ;  iho",  I  confefs,  it  appears  to  me  fo  difficult  to  be  con- 
/li.telian  ranfaftion.  For  the  eafier  confideration  of  this  matter,  let  us 
eciv'd,  that  I  doubt  whether  any  phenomenon  can  be  explain'd  by  it.  Let  its 
liippole,  that  in  the  AZ/gt/f^wr^  experiment,  he  fo  often  urees  to  prove  his  hy- 
pothefis,  that  the  imdiiated  air,  which,  as  he  telis  us,  pofiefs'd  about  half  an 
inch  of  fpace,  confifted  of  joo  parts,  'twill  not  be  deny'd,  that  as  the  aggre- 
gate is  adequate  to  the  whole  ipace  it  tills,  fo  each  of  the  too  pares  is,  likewife, 
adequately  cortinicnfurate  to  itsrelpedtive  fpace,  whichis  looth  parr  of  the 
whole.  Now,our  author  fays,  that  "  if  a  bodypofleiVes  twice  asmudi  fpace, 
"  each  part  of  that  body  miirt  do  the  fame,"  Whence  the  whole  C4|4ci^ 
of  the  iphere,  which,  according  to  him,  was  2000  rimes  bigger  than  diet 
fpace  poffefs'd  by  the  unexpanded  air,  there  muft,  likewiJe,  be  looo  paitsi 
of  fpace,  commenfurnte,  each  of  them,  to  one  of  the  aforefaid  loothptRft' 
of  air  ;  and,  confeqiiently,  when  he  affirms,  that  half  an  inch  of  air  pofo' 
lefs'd  the  whole  cavity  of  the  globe,  if  we  will  not  admit,  as  he  does  no^ 
cither  vacuities,  or  fome  fubtiie  fubftancc  in  the  interftices  of  the  aerial' 
particles,  each  pare  of  air  muft,  adequately,fill  sooo  parts  of  fpace.  NowJ 
that  this  fhould  be  refolutcly  taught,  to  be  really,  and  regularly  done,  1* 
the  Mfj^deburg  experiment,  Avill,  queftionlcfs,  appear  very  abfurd  tori 
Ctrte/tam^  and  thofe  other  philofophers,  who  take  extenfion  to  be  but  noiii*' 
onally  different  from  body;  and,  confequently,  impoffible  to  be  acqiiir'd^ 
or  loft,  without  the  addition,  or  detraction  of  matter  :  and  will,  1  doubn 
not,  appear  ftrange  to  every  one  whoconfiders  how  generally  extenfion  is 
allow  a  infeparable,  and  immediateiy  to  flow  from  matter;  and  bodies  to 
have  a  necelTary  relation  to  a  comnicnliirace  fpace.     Nor  do  I   fee,   if  one 

-^rtion  of  air  may  fo  eahiy  be  brought,  exadtly  to  fill  a  Ipace  a  000  times 
as  great  as  that  it  did  but  fill  before,  without  the  addition  of  any  new 
fubftance,  why  the  matter  contain'd  in  each  of  thefe  2000  parrs  01  fpace, 
may  not  be  rarther  brought  to  fill  2000  more,  and  fo  on ;  fince  each  of 
thefe  newly  repleni(h*d  fpaccs,  is  prefum'd  to  be  exaftly  fill'd  with  body; 

-  and  no  fpace,  and,  confequently,  that  which  the  un-rarihed  air  replenifh  a, 

<;an  be  more  than  adequately  full.  And  fince,  according  to  our  author, 
not  only  fluids,  but  even  folids,  as  marble,  are  capable  of  fuch  a  diAen- 

,fionj  why  maynoc  the  world  be  made  many  thoufand  times  bigger  than  it 
JB,  without  either  admitting  a  vacuity  betwixt  its  parts,  or  bciog  increas'd 
with  the  addition  of  one  atom  of  new  maner  ? 

He  further  alledges,  that  the  phenomena  of  rari&dion  cannot  b*  ex- 

;plain'd,  either  by  vacuities,  or  thefub-ingreffion  of  anetherealfubfttncej 
and  that  there  are  two  ways  of  explaining  that  kind  of  it,  which  he  oon- 

■Jcnds  for. 

After  o«r  author^s  objeftions  againft  the  two  ways  of  rariiaflioa  pro- 

-pofed  ;  the  one  by  the  racuifts,  and  the  other  by  the  Cartefi^Mj,  who  admit 

.  the  jnoft  fdid  bodies,  and,  even  giais  itfel^  to  be  penrioas  to  an  ethereal. 
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or  fuhtile  matter,  he  auempts  to  explain  the  manner  by  which  his  own 
rarifiAionis  performed;  ancl  having  premis'd,  that  the  explanation  of  the 
way  iiow  each  part  of  the  rarified  body  becomes  extended,  depends  upon 
the  quality  of  the  parts  into  which  the  body  is  ultimately  refolv'd  ;  and, 
having  truly  obferv'd,  that  they  muft,  necelTarily,  be  either  really  indivi- 
fible,  or  endlefly  divifible,  he  endeavours  to  explain  the  AriftoteUan  rari- 
fa&ion,  according,  to  thefe  two  hypothefes.  But  tho*  he  thus  propofes 
two  ways  of  makmg  out  his  rarifaction,  yet  they  are  irreconcilable ;  and 
he  fpeaKS  of  them  very  doubtfully,  and  obfcurely. 

And,  firft,  having  told  us  how  rarifedlion  may  be  explained,  if  we  admit 
bodies  xo  be  divilible  in  infinitum^  he  makes  an  objedion  againft  the  in^ 
finity  of  parts  in  a  continuum,  whereto  he  gives  fo  dark  an  anfwer, 
that,  I  confefs,  I  do  not  underftand  it. 

And  *tis  not  clear  to  me,  that  even  fuch  a  divifibility  of  a  continuum, 
as  is  here  fuppofed,  would  make  out  the  rarifaftion  he  contends  for : 
fince,  let  the  integrant  parts  of  a  continuum  be  more  or  lefs  finite,  or  in- 
.finite  in  number,  ftill  each  part,  being  a  corporeal  fubftanc;,  muft 
have  fbme  particle  of  fpace  commenfurate  to  it ;  and  if  the  whole  body 
be  rarified,  for  inftance,  to  twice  its  former  magnitude,  then  will  each 
pan  be,  likewife,  extended  to  double  its  former  dimenfions ;  and  fill  both 
the  place  it  took  up  before,  and  another  equal  to  it ;  and,  confequently,  two 
places.  I  will  not,  however,  pretend  to  affirm  which  of  the  two  ways, 
•by  atpms,  or  by  parts  infinitely  divifible,  our  author  declares  himfelf  for : 
but,  whichfoever  of  them  it  be,  I  think  he  has  not  intelligibly  made  it  out,; 
as  himfelf  feems  willing  to  confefs.  So  that;  in  his  diicourfe  of  ran- 
faction,  to  which  our  author  frequently  refers,  as  that  which  fhould  make 
good  what  feems  the  moft  improbable,  he  has,  inftead  of  a  probable 
hypothefis,  fubftituted  a  do^lxine  which  himfelf  dares  not  pretend 
capable  of  being  well  fceed  from  the  difEculties  with  which  it  may  be 
charged. 

As  for  the  other  way  of  explaining  rarifa&ion,  by  fuppofing  that  e 
body  is  made  up  of  parts  indivifible,  he  is,  upon  this  hypothefis,  reduced 
to  allow^  that  '^  one  and  the  fame  part  muft  be  in  two  places  adequate!]^; 
for  fince  it  is  indivifible,  and  cakes  up  a  greater  fpace  than  before,  ic 
muft,  of  neceflity,  be  alfo  in  every  point  of  that  fpace ;  or  be  virtually 
extended  thro'  all  that  fpac^/'  When,  therefore,  he,  prefendy  aftei^ 
affirms,  that  b]^  this  virtual  extenfion  of  the  pans,  tlie  difficulties 
which  have,  for  io  many  ages,  perplex'd  philofophers,  may  be  eafily  foI« 
ved,  he  muft  give  me  leave  to  defire  he  would  explain  what  this  extenfio 
virtualis  is  ;  and  how  it  will  remove  the  difficulties  charged  upon  the  Ari^ 
Jhftelian  rarifaftion.  For  the  eafier  confideration  of  this  matter,  let  us  rc-» 
fume  what  we  lately  fupposM,  that,  in  thi^Magdeburgk  experiment,  the  half- 
inch  of  undilated  air,  confifted  of  a  hundred  corpufcles ;  I  demand,  how  the 
indivifibility  of  thefe  corpufcles  will  qualify  them  to  make  out  fuch  a  ra-^ 
rifadtion,  as  our  author  imagines  ?  For^  what  does  their  being  indivilL- 
ble,  in  this  cafe,  but  make  it  the  lefs  intelligible,  how  they  can  nil  above 
Vol.  II.  Q^q^Q  ^^^ 
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^,„^_^-r30  parts  of  fpace  ?  He  will  anfwer,  they  arc  virtually  Attended.  Bur, 
^^^'"^not  here  to  queftlon,  how  this  indivifibility  makes  them  capable  cf  being 
fo  ;  I  demand,  whether  by  an  atom's  being  virtualiy  extended,  its  corpo^ 
real  fubttance  does  really  fill  more  fpace  than  it  did  before,  or  not  ?  If 
it  do,  then  'tis  a  tnie,  and  real,  and  not  barely  a  virtual  extenfion  :  but 
*  fuch  an  extenfion,  we  lia\e  (hewn,  will  not  ferve  the  turn ;  and  our  au- 
thor fcems  to  confefs  as  much,  by  devifing  this  virtual  extenfion,  to  avoid 
the  inconveniendes  to  which  he  faw  his  doftrine  of  rarifaiftion  would 
otherwifebe  expofed.  But  if  it  be  faid,  that  when  an  atonr  is  virtually 
extended,  its  corporeal  fubftance  fills  no  more  fpace  than  before ;  I  de- 
mand, how  that  which  is  not  a  fubflance,  can  fill  a  fpace^;  and  how  this 
improper,  and  only  metaphorical  extenfion,  will  folve  the  phenomena  ai 
ranfa£tion  ?  As  how  the  half-incli  of  air,  at  the  top  of  the  fore-mention'd 
ij)here,  (hall,  without  a  corporeal  extenfion,  fill  the  whole  cavity  of  3  ooo  times 
its  bignefs,  when  the  water  is  fuck'd  out  of  it,  and  aft  at  the  lower-part 
of  thefphere?  For,  our  author  teaches,  that  the  whole  globe  was  fiU'd 
with  a  certain  thin  fubftance,  which,  by  its  contraftion  violently  Ihaich'd- 
up  the  water  wherein  the  neck  of  the  glafs  was  immers'd.  AncI,  in  a  p«- 
rallcl  cafe.  He  makes  it  his  grand  argument^  to  prove,  there  is  noracuum 
'  ID  the  deferied  part  of  the  tube,  in  the  Timuelliatt  experiment,  that  rfic 
tttraftion  of  the  finger  cannot  be  but  from  fomercalbody. 

Our  author's  Funkuhs,  alfo,  fuppofes  a  oondenfation,  that,  to  mt;. 
appears  incumber 'd  with  no  lefs  difficulties.  For,  fines  he-  teaches,  that 
A  body  may  be  condens'd,  without  either  having  any  vacuities  lor  the- 
eomprefs'd  parts  to  retire  into  ;  or,  having  its  pores  Hli'd  with  anyfuh- 
tile,  and  yielding  matter,  that  maybe  fqueezed  out  of  them  ;  it  follows,. 
thai  the  parts  of  a  body  to  be  condens'd,  immediately  touch  each  other: 
which  fuppofed,  I  demand,  how  bodies,  that  are  already  coRtigiious,  can 
be  brought  ciofer,  without  penetrating  eaeh  other  >■  So  that>  Mee  •  not  bow 
this  condenfatioii  can  be  perform'd,,  without  penetration  of  dimenfionsj 
In  the  yi/i2g^f^K?2/c  experiment,  he  tells  uS)  that  the  whole  capacity  of  the 
globe  is  fill'd  with  an  extremely  rare  body  j  which,  according  to  bim^in- 
tercepts  neither  pores,  nor  any  heterogeneous  fubftance-  Now  l*t  us>confi- 
dcr,  that  before  the  admiffion  of  water  into  the  exhaufted  globe,  there 
was,  according  to  him;  2000  half-inches  of  a  true  and  real  body ;  and 
that,  after  the  admillion  of  the  water,  there  remain'd,  in  the  fame  globe, 
no  more  than  one  half-inch  .of  body  befides.  Since,  then,  our  author  does 
not  pretend,  that  the  ipj<7  half^rches  of  matter,  thatnow  appear  Bo  more, 
travers'd  the  body  of  water;  and  fince  he  will  not  allow,  that  io  gets  a- 
way  thro'  the  pores  of  the  glafs  ;  I  demand,  wliat  beomiK  cf-  fo  great  a- 
quantity  of  matter  ?  For  that  'tis  annihilated,  I  fuppofe,  he  is*  too  ra- 
tional to  pretend  j  and  to  fay,  that  fo  many  parts  of  matter,  lliould  be' 
retir'd  into  that  one  part  of  fpace  that  contains  the  half*inch  of  air,  is. 
little  lefs  incredible  :■  for,  that  fpace  was  fiippos'd  i%crfe<£yy  fail  of  body, 
before;  and  how  a:  thing  can  be  more  than  perfeftly  fta!t,  who  can  con- 
c»ve  ?    In  Ihorr,  according  to  our  author's  w«y  of  condcnlation,  t-jro,  or, 

perhaps,. 
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perhaps,  two  thoufand  bodies,  may  be  crowded  into  a  fpace  that  is  ade-  Phe^majtici. 
quately  fill'd  with  one  of  them  apart.  And,  if  this  be  not  penetration  ^■^^'^-^ 
of  dimenfions,  I  defire  to  be  inform  a  what  is  . 

But  as  the  hypothefis  I  am  oppofing,  is  a  kind  of  inverfion  of  ours  ;  t^  ^^f***'^ 
fuppofing  the  fpring,  or  motion  of  reftitution  in  the  air,  to  tend  inwards,  iT/ircil 
as,  according  to  us,  it  tends  outwards,  many  of  the  phenomena  would,  if  iti^"^'^* 
were  true,  be  plaufiBJy  explicable  by  it;  the  fame  motions,  in  an  inter- 
mediate  body,  being,  in  many  cafes,  producible  alike,  whether  we  fup- 
pofe  it  to  be  thruft,  or  drawn ;  provided,  both  the  endeavours  tend  the 
lame  way.  But  then  we  may  be  Iktisfied,  whether  the  eflfeft  be  to  be 
afcrib'd  to  pulfion,  or  to  traftion,  if  we  can  find  out  an  experiment, 
wherein  there  is  a  reafon  that  fuch  an  effeft  fhould  follow,  in  cafe  pitl/ion 
ht  the  caufis  inquired  after;  and  not,  in  cafe  it  be  traAion.  And  fuch 
an  exPerimentum  crucis  is  afforded  us  by  M.  Pafchal^  who  obfervM,  that 
the  IcrriceUian  experiment,  being  made  at  the  foot,  and  in  different  parts  (Sf 
a  very  high  mountain^  after  he  had  afcended  an  hundred  and  fifty  jhathom^ 
the  quicK-filver  was  fallen  two  inches  and  a  quarter  below  its  ftation 
at  the  foot  of  the  mountain  ;  and  that  at  the  very  top  of  the  hill,  it  had 
defcended  above  three  inches  below  the  fame  Ration.  Whence  it  appears, 
that  the  quick-filver  being  carried  up  towards  the  top  of  the  atmofphere, 
falls  down  the  lower,  proportionably  to  the  height  of  the  place  wherein 
the  obfen'ation  is  made:  the  reafon  of  which,  on  our  hypothefis,  is,  that 
the  nearer  we  come  to  the  top  of  the  atmofbhere,  the  Ihorter,  and  lighter 
is  the  cylinder  of  air,  incumbent  upon  the  ftagnant  nercury  ;  and,  coni^- 
quently,  the  lefs  weight  of  mercury  will  that  air  be  able  to  balance, 
and  keep  fufpended.  And,  fince  this  noble  phenomenon,  thus  clearly  fol- 
lows upon  ours,  and  not  upon  our  author  s  hypothefis,  it  feems  to  de- 
termine the  controverfy ;  becaufe,  in  this  cafe,  it  cannot  be  pretended, 
that  the  defcent  of  the  quick-filver,  in  the  tube,  is  caus'd  Trom  the  pre- 
ternatural rarifajffion,  x)r  difterlfion  of  the  external  air,  when,  by  trying 
to  rdlore  itfetf,  it  endeavours  to  draw  up  the  ftagnant  mercury :  for, 
there  appears  no  fuch  forcible  dilatation  of  that  air,  as  in  many  of  the 
phenomena  of  our  engine,  he  is  here  pleafed  to  imagine. 

To  this  experiment  he  replies  but  two  things,  which,  neither  fingly, 
nor  together,  will  amount  to  a  fatisfa6tory  anfwer. 

And  firtft,  he  queftions  the  truth  di  the  obfervation  Itfcff,  becatife,  ha-» 
%ing  made  trial  on  a  low  hill,  the  event  did  no  ways  anfwer  his  exp^tation. 
But  Gi^endus  relates,  that  the  obfervation  was  five  times  repeated,  with  cir« 
cumftances,  which  fufficiently  argue  the  diligence  wherewith  the  experiment 
was  made  :  and,l  can  xronfirm  thefe  obfervations,  by  two  more  made  on  hills 
in  England.  But,  howei^er  the  proportion  of  the  deicent  of  the  quidc-filver 
may  vary  accordii^  to  the  diflferent  confiftence,  and  other  acddeAts  of  the 
air,  in  the  particiflar  places,  and  times  of  the  ^experiments  being  ntade  ; 
yet  aH  obfervations  agree  in  this,  that  nearer  the  top  of  the  atmofphere 
the  quicJk-filver  falls  tower,  than  when  further  from  it.  And,  in  one  of 
eheie  ex{ierioients,  a  determinate  ^jwintity  of  air  being  Idft  iii  the  tube^ 

"^qqq  ^  before 
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■*»'«'■  before  the  mouth  of  it  w.is  open'd,  under  the  ftagnanr  n\ercury,  and  notice 
'^^^  tfikcn  how  low  fuch  a  quantify  of  that  airdeprcfs'tt  the  mercurial  cylinder, 
'twas  obfcrv'd,  that  at  the  mouiuain's  foot,  the  inr liidcd  air  was  not  able  to 
dcprefs  the  quick-filver  fo  much.  Whence  \vc  infer,  that  the  cj'Iinder  of 
air,  at  the  top  of  the  hill,  being  fhorter  and  lighter,  did  not  fo  ftrongiy  prefs 
againft  the  included  air,  as  did  the  ambient  air  at  the  bottom  of  the  hill, 
where  the  aerial  cylinder  was  longer,  and  heavier. 

We,  alfo,  attcmpred  a  trial,  wherein  wc  hoped  to  find  a  fenfible  difference 
in  theuxight  ofche  atmofphere,  in  afar  lefs  height,  than  that  of  an  ordinary 
hill.  But  mftcad  of  a  common  tube,  we  made  uft  of  a  weather-glafs,  and 
inftead  of  quick-filver,  employ 'd  common  water  in  the  pipe  belonging 
totheglafs;  thatCnall  changes  in  the  weight  or  refiftance  of  the  atmo- 
Qihere,  in  oppofiiion  to  the  included  air,  might  be  the  more  difcernible. 
The  inftrument,  wc  made  life  of  confiftea  only  of  a-glafs  AB,  with  a 
1$.  broad  foot,  a  narrow  necic,  and  a  flender  glafs  pipe  CD,  open  ar  both 
ends  ;  the  pipe  fo  plac'd,  that  the  bottom  of  it,  almoft  reach 'd  to  the  boc- 
fora  of  the  bigger  glafs  AB,  within  whofe  neck  A,  it  was  faften'd  with 
a  clofe  cemejit,  that  both  kept  the  pipe  in  its  place,  and  hinder'd  all 
communication  betwixt  the  inward  H,  and  the  outward  air  KK,  excepr 
by  the  cavity  of  the  pipe  CD.  Now  we  chofe  this  glafs  AB,  more  than 
ordinarily  capaciouj,  that  the  elfeft  of  the  dilatation  of  the  included  air  11, 
might  be  the  more  coiifpicuous.  Then  conveying  a  convenient  qiianuty  of 
water  HD,  into  this  glafs,  we  carry 'd  it  to  the  leads  of  the  abbey -church  at 
iVefiminfter^  and  there  blew  in  a  little  air,  to  raife  the  water  to  the  upper 
part  of  the  pipe,  that,  being  above  the  Xfeflcl  AB,  we  might  the  more  pre- 
cjfely  mark  the  fevcralftations  of  the  water.  Afterward,  having  fuffer'd 
the  glafs  to  reft  a  pretty  while  upon  the  leads,  that  the  air  II,  within,  might 
be  reduced  tothe  fame  {tare  with  KK,  that  without ;  having  mark'd  the  fta- 
rion  of  the  water  F,  we  gently  let  down  the  velfel  by  a  firing  to  the  foot  of 
the  wall,  where  one  attended  to  receive  it,  who  having  fufter'd  it  to  reft 
upon  the  ground,  told  us,  that  it  was  fubGded  about  an  inch  below  the 
mark  F ;  whereupon,  having  order'd  him  to  put  a  mark  at  this  fecond  fta- 
tion  of  it  E ;  we  drew  up  the  veflel  again,  and  fuffering  it  to  reft  a  while, 
obferv'd  the  water  to  be  re-afcended  to  the  firft  mark  F, which  was,  indeed, 
about  an  inch  above  £ :  and  this  we  did  a  fecond  time,  with  almoft  a  like 
fuccefs ;  tho',  two  or  thiee  days  after,  the  wind  blowing  ftrongiy  upon 
the  leads,  we  found  not  the  experiment  to  fucceed  quite  fo  regularly  ;  yet 
the  water,  always,  manifeftly,  fell  lower  at  the  foot  of  the  wall,  than  at 
the  top.  But,  to  avoid  miftakes,  and  prevent  objeftions,  we  made  the  ex- 
periment within  the  church,  at  the  fame  height  with  the  leads  ;  but  the 
upper  part  of  the  pipe  being,  aaidentall)r»  broken  off,  we  order'd  the  mat- 
ter fo,  that.tbe  furface  G,  of  the  remaining  water  in  the  pipe,  ftiotUd  bo- 
about  an  indsilugher  than  the  furface  of  that  in  the  veffeL  And  then,. 
letting  down  the  glafs,  I  found  that,  almoft,  as  foon  as  it  was  fettled, 
upon  the  pavement,  it  was  not  only  fallen  as  low  as  the  other  water,, 
but   the  outward  air  depref»'d  it  lb  far,  a%  whilft  i.was  looking  on 
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to  break  in  below  the  bottom  of  the  pipe,  and  afcend  thro'  the  water  inP'«jjji^««- 
bubbles ;  after  which,  the  glafs  being  drawn  up  again,  the  water  was,  very  ^^'^^^^ 
manifeftly,  re-afcended.    Hence  'tis  evident,  that  the  atmofphcre  gravi- 
tates more,  cateris  paribus,  near  the  furface  of  the  earth,  than  in  the  more 
elevated  parts  of  the  air  :  for  the  leads,  on  which  we  made  our  trials^ 
were  found,  in  perpendicular  height,  but  75  feet. 

But,  for  an  experin^nt  of  the  lame  kind,  made  at  a  greater  height,  take 
the  following,  communicated  .by  Dr.  Power. 

On  the  lyth  of  OEloter,  166 1,  we  took  a  weather-glafs  AB,  about  ^r*  •4* 
two  feet  in  length,  and  carrying  it  to  the  bottom  of  HaUifax^hill,  the 
water  ftood  in  the  (hank  at  13  inches  above  that  in  the' veflel :  thence 
carrying  it,  thus  iill'd,  with  the  whole  frame,  immediately  to  the  top  of 
the  laid  hill,  the  water  fell  down  to  the  point  D ;  that  is,  an  inch  and  a 
quarter  lower  than  it  was^t  the  bottom  of  the  laid  hill  i  which  proves  the 
elafticity  of  the  air :  for  the  internal  air  AC,  which  was  of  the  fame  power" 
and  extenfion  with  the  external,  at  the  bottom  of  the  hill,  manifefted  a 
greater  elafticity,  than  the  mountain-air.  there  manifefted  preifure  ;  and  fo^ 
extended  itfclf  further  by  CD. 

The  like  experiment,  I  bear^  the  fame  ingenious  perfonhas  lately  re- 
peated, and  found  the  defcent  of  the  water  to  be  greater  than  before. 
And  tho'  fome  have  thought  it  ftran^  that,  on  a  hill,  fur  in£;riour  to  the 
Alfs,  and  AfpennineSy  fo  Ihort  a  odinder  of  water  fliould  fall  fo  much ; 
yet  I  fee  not  any  reafon  to  diftrufr,  upon  this  ground,  either  this  experi- 
ment, or  ours  made  at  Weftminfler  ;  but  rather  wonder  the  water  fell  no 
more,  if  the  hill  be  confiderably  hi^h  :  for  their  fufpicion  feems  grounded 
on  a  miftake ;  as  if  becaufe  the  quick-filver,  in  the  ihrriceUian  experiments^- 
made  without  purpofely  leaving  any  air  in  the  tube,  would  not  at  the  top 
of  the  mentioned  hill,  have  fubfidecl  above  an  inch,  the  water,  that  is  near 
^4  times  lighter,  Ihould  not  fall  above  a  14th  part  of  that  fpace ;  whereas, 
in  the  TJmVf^i^  experiment,  the  upper-part  of  the  tube  has  little,  or  no 
air  left  in  it,  while  the  correfpondent  part  of  the  weather-glafscontain'd 
air,  whofe  prcffure  was  little  lefs  than  that  of  the  atmofphere  at  the  bot- 
tom of  the  hill ;  and,  confequentlv,  muft  be  much  greater,  than  the  preflure- 
of  the  atmofphere  at  the  top  of  the  hill. 

Another  panicular,  which  confirms  our  hypothefis,  is  that  experiment 
made  by  the  fame  M.  Pafchal,  by  carrying  a  flack-blown  foot-ball,  from 
the  bottom  to  the  top  of  an  high  mountain ;  for,  the  foot-ball  gradu- 
ally fweird,  the  higher  it  w^s  carry *d  :  fo  that  at  the  top  of  the  moun- 
tain it  appeared  as  if  it  were  full-blown  ;  and  became  gradually  lank  a- 
gain,  as  it  was  carry^l  downwards ;  fo  that,  at  the  foot  of  the  hill,  it  was 
flaccid  as  before.  We  have  here  an  experiment  to  prove  our  hypothefis,. 
wherein  recovurfe  cannot  be  had  to  anybody,  forcibly,  and  pretematurally 
diftended,  fuch  as  is  pretended  ta  remain  in  the  deferted  fpace  of.  the 
tube,  in  the  Torricellian  experiment. 

But,  further,  our  author's  hypothefis  is  needlefs^  for,  he  denies  not ^ 
that  the  air  ims  Ibme  weight  and  fforiog,^  but  affirms  it  very  infufficient 

to. 
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fc*;""*'to  counterpoife  a  mercurial  cylinder  of  19  inches.  We  fliall,  therefore, 
''^^  now  cHdeavour  to  manifcft  by  experiments,  purpofdy  made,  that  the  I'pring 
...  of  the  air  is  capable  of  performing  far  more  than  is  neceffary  to  fblve  the 
■foM-  phenomeija  of  tlic  Torrictllian  experiment.  We  took  a  long  glafs  tube, 
■ianiJi-  JQ  [jent  at  the  bottom,  that  the  part  turned  up,  was  almoft  parallel  to  rlic 
W.';  reft  of  the  rube ;  and  the  orifice  of  this  ftiorter  leg  being  hermetically  fcal'd, 
the  length  of  it  was  divided  into  inches,  each  of  which  was  fub-divided 
into  eighths,  by  a  lift  of  paper  carefully  pafted  along  it :  then  putting  in 
as  much  quick-filver  as  Jill  d  the  bended  part  of  the  liphon,  that  the 
mercury  ftanding  in  a  level,  might  reach,  in  tlie  one  leg,  to  the  bottom 
of  the  divided  paper,  and  jidl  to  the  fame  height,  in  the  other  ;  we  took 
xare,  by  freqiiciitly  inclining  the  rube,  that  the  air,  at  laft,  ir.cludcd  in 
the  ftiorter  cylinder,  flioyld  be  of  the  fame  laxity  with  the  reft  of  the  air 
about  it.  This  done,  we  began  to  pour  quick-filvcr  into  the  longer  kg 
jofthe  fiphon  J  which,  by  its  weight,  prciling  upon  that  in  the  mortcr, 
p-adual!y  ftraitned  the  included  air ;  and  continumg  to  |>our  in  quick- 
(ilver,  till  the  air,  in  the  (hotter  leg,  was,  by  condendtion,  reduced  to 
rake  up  but  half  the  fpace  it  poiTefsM  before,  we  obferv'd,  in  tlie  longer 
leg  of  tlie  g]al\  on  which  was,  likewife,  pafted  a  lift  of  paper,  divided 
into  inches,  and  parts,  that  the  quick-filver  was  19  inches  higher  than  in 
ihc  other.  Hence  we  fee,  that  as,  according  to  our  hypothelis,  the  air, 
in  that  degree  ofdenfity,  and  correfpondent  meafure  of  refiftance,  where- 
to the  weight  of  the  incumbent  atmofphere  reduces  it,  is  able  to  balance, 
and  refift  the  prciVureof  a  mcrcurialcylinderof  about  ipinches^  fp,  here, 
tlie  fame  air,  Drought  to  a  degree  of  denfity,  about  twice  as  great  as  it 
had  before,  obtains  a  I'pring  twice  as  ftrong ;  being  able  to  fuftain,  or  re- 
fift  a  c)ljnder  of  ;p  inches,  in  the  longer  tube,  tc^ctherwith  the  weight 
of  the  atmofphcrical  cylinder,  tliat  rcftcd  upon  thofe  23  inches  of  mer- 
cuiy. 

After  fonie  other  trials,  one  of  which  iite  made  in  a  tube,  wKofe  lon- 
ger leg  was  perpendicular ;  and  the  other,  that  contained  the  air  paralleU 
to  the  horizon  ;  we,  at  laft,  procured  a  tube,  which,  tho'  large,  was  fo 
^.  ts;  ^o"S»  that  the  cylinder,  whereof  the  fhorter  leg  erf"  it  confifted,  adnutted  a 
lift  of  paper  divided  into  12  inches,  and  their  quarters;  and  the  longer 
leg  another,  feveral  feet  in  length,  and  divided  after  the  fame  manner : 
then  quick-filver  being  poured  in,  to  fill  up  the  bended  part  of  the  glafs, 
that  the  furfacc  of  it,  in  either  leg,  might  reft  in  the  fame  horizontal  line  j 
more  quick-filver  was  pour'd  into  the  longer  tube  :  and  notice  being  taken, 
bow  rar  the  mercury  rofe  therein,  when  it  appear  d  to  have  afcended  to 
any  of  the  divifions  in  the  fliorter  j  the  feveral  obfervations  that  were  thus 
fucceffively  made,  andJet  down,  afibrded  us  the  following  uble. 
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A&  The  Bumtier  of  equal  Ipiteei'  i»  the  flurter 
\eg,  cdntuning  ihe  fiune  parcel'  of  air,  di^ 

ferently-  expaaBed. 

B-The  height  of  the  mevcurial  r-jrlinderi^ia  the- 
er  le|     ' 


C  TKb  hcight>  aS  »  mercurial  cylinder,  that  ba> 
lanoed  the  prafTure  of  the  atmolphere. 

D  Thb  aggregate  of  the  two  lafi^columnt  B  and  : 
C,  eihrtnttng  the  preflute  fuftala'd  b^  the  JB' 
eluded  air.' 

E  What  that  pieflure  fliould  be,   fuppoRng  ir . 
in  reciprocal  propottton  to  the  exp^fioo* 


Forthe  better  underftanding  of  this  experiment,  it  is  proper  to  obferre 
the  following  particulars,  ii.  The  tube  being  very  tall,  we  were  obliged 
to  ufe  i:  on  a  pair  of  flairs,  which  were  very  well- illumined ;  and  for  pre- 
fervation,  it  was  lufpended  by  firings.  1,  The  lower,  and  bent  part  of 
the  pipe,  was  placed  in  a  fquare  wooden  box,  large  and  deep,  to  prevent 
the-lois  of  th;  quick-filver.  j.  We  werctwo,  to  make  the  observation  to- 
gether i  the  cne  to  take  notice  at  the  bottom,  how  the  quick^ltlver  rofe  in 
the  ihcrter  cylinder;  and  the  other,  to  pour  it.  ia  at.  the  top  of  the  longer. 
4.  The  quick-filver  was  pour'd  in  but  flowly,  according  to  the  direftion 
of  him  who  obferv'd  below.  5;- At  the  beginning  of  the  xjperation,  that 
we  might  the  more  truly  difcern  where  the  quick-filver  refted,  from  time 
to  time,  we  made  ufe  of  a  Imall  looking-glafs,  held  in  a  oonvenient 
pofture,  to  refledl  to  the  eye  what  we  defired  to  fee.  6.  When  the  air 
was  crowded  into  lefs  than  a  quarter  of  the  fpaceic  poflefled .  before,  we 
try'd  whether  the  cold  of  a  liiien-doth,  dipp'd  in  water,  would  coii- 
denfe  it :  and  it,  Ibmetimes,  feem'd  a  little  to  Ihriiik,  but  not  fo  manifcAly, 
that  we  dare  build  upon  it.  We  then  try'd,  likewife,  whether,  heat  would 
dilate  it;  and,  approaching  the  flame  of  a  candle  to  that  part  where  the 
air  was  pent  up,  it  had  a  more  fenfible  operation  than  the  coldbefore  ;  fo 
that  we  icarce  doubted  the  expanfion  of  the  air  would*  not  withftanding  the 
weight  that  opprefs'd  it,  have  been  made  confpicuous,  if  the  fear  of  break- 
ing the  glafs  had-iiot  kept  us.from  incieafingthe.  beat.-  This 
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a^        TKis  fufficiently  proves  the  principal  thin;;  for  wlircb  I  here  allcdpe  ir; 
'^^fince  'tis  evident,  that  as  common  air;  Wliea  reduced  to  half  its  natural 

extent,  obtain'd  a  fpring,  about  twice  us  forcible  as  it  lud  befojc  ;  fothc        i 
air,  elms  comprefs'd,  being  farther  crowded  inco  half  this  narrow  room,    J 
thCTcby  obtain'd  a  fpring  as  ftrong  ariiin   as  thflt  it  Iflft  had,  and  coofc-    I 
qucntly,  four  times  as  ftrong  as  that  of  common   air.     And,  there  is  no    ■ 
caufe  to  doubt,  that  if  we  ha4  becu  fttniilh'd  with   a  greater  quantity 
■of  qulck-filver,  and  a   very   ftroiig  tiibe,  -wc  might,  by  a   further  cora- 
preffioii  of  die  included  air,  have  made  ir  balance  the  prtfflurc  of  a  far  cal- 
ler, and  heavict  cylinder  of  mertury.     For  no   man,  perhaps,  yet  knows, 
how  near  to  an  infinite  comprefTure  the  air  maybe  reduced,  by  a  force  coot- 
.  petently  incrcas'd.      So   that,    here  otir    author    may  plainly    fee,    the 
,  Tpringof  the  air  can  rcfift,  iiot  only  the  weight  of  rwenty-ninc  inches,  bm;. 
in  feme  cafes,  above  otle  Imndrcd  inches  t>f  quick -iiUvr;  and  this,    withnat 
the  aflilUnce  of  his  Funkulu^,  which,  in  our  prcfcii:  cafe,  has  no  pretence 
to  be  employ 'd.     And,  to  Qicw,  that  the  weight  of  the  incumbent  atmo- 
fpherc,  made  a  part  of  the  %vcighc  refifted  by  thcimprifon'd  air  j   when  the 
1  mercurial  cylinder,   in  the  loii^^er  lej;  of  the  pi(x;,  \v.is  about  one  hundrecl 
in^cs  hi^h,  we  caos'd  a  man  CO  fuck  at  die  open  orifice,  whereupon  tte 
-mercury  m  the  tube  confidcrably  afcended  :  which  phenomenon  cannot  be 
aicrib'd  to  our  author's  Funkulus ;  lince,  by  his  own  coiifellion,  char  can- 
not pull  up  a  mercurial   cylinder  of  above  e\vcncy-ni;:e  or  thirty  inches. 
I         And,  therefore,  the  preffure  of  the  atmofpherc,  being  in   part  taken  oS, 
\      ,  ,by  expandingitfelf  intothcman'sdilatcd  cheft,    the  imprifon'd  air,  was, 
'  thereby  enabled,  raanifeftly,  to  dilate,  and  repel  the  mercury  that  com- 

prefs'd it,,  fill  there  was  an  equality  of  force  betwixt  the  ftrong  fprhig  of 
the  comprefs'd  air  on  the  one  part,  and  the  tall-nicrciirial  cylinder, with  the 
contiguous  dilated  air,  on  ch^  other. 

Kow,  if  to  what  we  have  deliver'd  concerning  ihe  comprelfiire  of  the 

air,  we  add  fome  obfervations  of  its  fpontaneous  expanliona<^  ^iU  tbc 

.  better  appear,  how  much  the  phenomena  of  thefe  mercurial  experimeocs 

<lcpend  upon  the  different  meafures  of  ftrength  to  be  met  with  in  thcair's 

.  fpring,  according  .to  its  various  degrees  of  compreflion  and  laxity. 
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A.  The  number  of  cqiuil  fjacw  tt  the  top  of  the  tobe, 
that  qp^Blifi'a  the  fiino  parcel  of  ur. 

B.Th<f'Beight  of  themcrcurW  c^odcr,  thit  to«(het 
with  the  fpriog  of  the  included  eic  UUnc'a  the 
prcBure  of  the  Atmofphcrc. 

C.  The  prdTure  of  the  atmofphere. 

D.  The  complement  of  B  to  C*  exhibiting  the  pt^kte 
foftain'd  of  the  included  ur, 

E.  Whftt  the  pn0tire{hoald  be,accordJng  to  the  hypothefii' 


*  To  maVe  the  experiment  of  the  debilitated  fin'ce  of  expanded  air.  the 
plainer,'  we  nraft  mention  feme  particulars,  efpedally  with  i-elation  to  die 
manner  of  performing  it.  i.  A\!^  made  it  on  a  light  pair  of  ftajrs,  arid 
Mrith  a  box  lin'4  with  paper  to  receive  the  mercury,  that  might  be  fpilt ;  and 
in  ft  gla&  tube  about  Rx  feet  long,  bemetically  feal'd  at  one  end.  2.  We 
alio  provided  a  (lender  glafs  pipe  about  the-bignefs  of  a  fwan's  quill,  and 
open  at  both  ends,  all  along  which,  was  pafted  a  narrow  lift  of  paper,-di- 
Tided  into  inches  and  half  quarters.  3.  This  flender  pipe,  being  thruft  into 
the  greater  tube,  almoft  fiU'd  with  quick-fiher,  the  glais  help'd  to  make  it 
fwellto  thctop  of  the  tube ;  and  thequick-filver  getting  in  at  the  lower  orifice 
-of  the  pipe,  ml'd  it  up  till  the  mercury,  included  inthat.was  near  upon  alevel 
wirti  tnefurfiice  of  the  ftirrounding  mercury  in  the  tube,  4.  Tnete  bdng 
little  more  than  an  inch  of  the  (lender  pipe  left  abore  the  fur&ce  of  the 
ftagnantmeEcusy,  and,  con(equently,  unfill'd  therewith,  the  promindac  Orr- 
fice  was  carefully  clos'd  with  melted  fcalitt-wax  ;  atter  which,  die  pipe 
was  let  alone  for  a  while,  that  the  air,  dilated  by  the  heat  <^  the  wax, 
might,  upoi\  refrigeration,  be  reduced  to  its  wonted  den(ity.  .  And  then 
we  obferv'd,  by  help  of  the  lift  of  paper,  whetherVe  had  included  more  or 
fcfs  than  an  inch  of  air,  and  in  either  cafe,  we  refti^'d  the  error,  by  k 

"  four  times  rarer  thin  at'the  fiiiftee  of 
■'  the  earth  ;  and  it  the  helsht  of  14 
"  milei  it  \i  iS  timet  rarer  than  at  the 
"  fuffiice  of  the  earth  ;  and  at  the  height 
'*  of  II,  sS,  or  J5  miles  i,t  is  relpefii^elf 
"■  tf4,  S56,  or  1024  times  rarer,  or  there* 
"  aboLitJ  1  and  at  the  height  of  70, 14c,  and 
"  aiomilcs,  itisabout  i.oooaoo,i.cooaoo> 

"  OOOOOO,  or  l.C3QOOO.OOO00(>AO00OO>"fc& 

KkvUh.  OjpnV.  p-}4l.  ;42. 


*  "  The  open  air,  in  which  webreathe," 
tays  Sir.lf.  Nevoot,  **  it  8  or  90c  timei 
**  lightcrthanwater,  and  by  con(equenee 
*'  8  or  900  timet  rarer.  And  fince  the  air 
"  is  comprcla'd  by  the  weight  of  the  in- 
*'  cumbcnt  atmo(phere,  and  the  denlity 
'*  of  the  air  is  proportionable  to  the 
"  compreflinE  force,  itftillows  ,by  com- 
'*  putation,  that  at  the  height  of  about  7 
"  Eoglijfi  Riilesfrom  the  eaith,  the  air  is 
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'■  fmall  hole  made  with  a  heated  pin  in  the  wax,  and  afterwards  clos'd  ic  yp- 
^  again,  j .  Having  thus  included  a  juft  inch  of  air,  we  lifted  up  the  fler-der 
pipe,  by  degrees,  till  the  air  was  dilated  to  an  iDch,  an  inch  and  a  hatf^ 
two  inches  &c.andobrcrv'd,  in  inches  and  eighths,,  the  length  of  the  mercu- 
rial cylinder,  which  at  each  degree  of  the  air's  expanfion  was  impell'd  a- 
bo^e  the  fuifacc  of  die  ftagnant  mercury.  6.  The  obfcrvations  being 
ended,  we  prefantly  made  the  Torricellian  experiment  with  the  above-men- 
tion'd  large  tube,  fix  feet  long,  that  we  might  know  the  height  of  the  mercu- 
rial cylinder  for  that  particular  day  and  hour;  which  we  found  to  be  twenty- 
nine  inches  and  three  quaners.  7.  Our  obfcrvations,  made  after  thismanner, 
furnilh'dus  with  the  preceding  tabic,  in  which  here  would  not,  probably, 
have  been  found  tlie  difference  here  fee  down  betwixt  the  force  01  the  air, 
when  expanded  to  double  its  former  dimenfions,  and  what  that  force  fliouid 
have  been,  precifely,  according  to  the  theory,  but  that  the  included  inch  of 
air  receiv'd  fome  little  acccllion  during  the  trial ;  which  this  difference  cau- 
fingus  tofuipcft,  we  found,  by  plungmg  the  pipe  again  into  the  quick -filver^ 
that  the  included  air  had  gain  d  about  half  an  eighth  ;  which  we  guefs'd  to 
have  come  from  fome  little  aerial  bubbles  in  the  quick-Clver  contain'd  in  the 

H«rewefind  that  the  inch  of  air,  when  firft  included,  fuftain'd' no  other 
prclTuie  than  from  the  incumbent  air,  and  was  no  more  comprefs'd  than 
the  reft  of  the  air  we  breatii'd  and  mov.'d  in;  that  this  inch  of  air,  when 
opanded  to  twice  its  former  diraenfions,  was  able,  with  the  help  of  a  mer- 
curial cylinder,  of  about  fifteen  inches,  to  countcrpoife  the  weight  of  the 
at mofphere ;  and  that  chi»  was  impell'd  up  into  the  pipe  by  the  external 
air  gravitating  upon  the  ftagnant  mercury,  which,  alfo,  fuftain'd  above  18 
inches  of  mercury,  when  the  internal  air  had  its  fpring  too  far  weak- 
ncd,  to  make  any  conliderable  refiftance  :  from  whence  'tis  plain,  that 
the  free  air,  here  below,  is,  ahnoft,  as  ftrongly.  comprefs'd  by  the  wei|;hc 
of  the  incumbent,  atmofphere,  as-  ic  would  be  by  the  weight  ot  a.  ntcrcurial 
cylinder,.  29,  or  30  inches  high.;  and,  confequentty,  is  not  in  fuch  a  ftate 
en  laxity,  as  men  ufually  imagine  ,-  but  a^s  like  fome  mechanical  agent, 
with  a  force  decreafing,  in  a  ftrifter  proportion  to  its  increafe  ofdimen- 
fion,  than    has  been,  hitherto,  taken  notice  of. 

And  hence,  at  length,  wc  fcCi.  that  our  author's  hypothefis-is  unnecef- 
fary  to&lve  the  phenomena- in  difpute:  which  is  no  fmall  acquificion,  fince 
tJie  two  principal  tilings,  that  induced  him  to  rejeA  our  hypothefis,  are, 
nature's  abhorrence  of  a  \aeuum  ;  and  that,  tho'  the  air  have  fome  weight 
and  fpring,  yet  thcfc  are  infufficient  to  make  out  the  known  phenomena, 
fijr  which,  we  muft,  therefore,  have  recourfe  to  his  Funiculus.  But,  he 
has  not  difprov'd  a  vacuum^  yet  we  have  manifrfted,  that  the  fpring  of 
the  air  may  perform  greater  things,  than  what  our  explanation  of  the  Tor- 
riielUan  experiments,  and  thofe  of  our  engine,  require. 

We  come  now  to  the  laft  part  of  our  defence,  wherein  we  are  to  confi- 
4er.  what  our  author  objefts  to  fome  particular  experiments. 

Againft 
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Againft  our  firft  experiment,  he  objefb  nothings  but  that^  by  appIy.VvtvMATier. 
ing  the  finger  to  the  orifice  of  the  valve,  when  the  pump  is  fi^ed  from  air,  p^Ql[^^^ 
the  fucker  will  not  appear  to  be  thruft  inward  by  the  external  air,  but*  ^cai  cx^^ 
as  the  finger,  to  be  drawn  inwards,  by  the  internal.  But  this  phenomenon '""^*  ^''^'*'''' 
has  been,  formerly,  accoiuited  for,  upon  our  hypothefis. 
Of  our  third  experiment,  he  fays ;  that  "  it  very  well  agrees  with  liis 
principles  ;  for,  fince  fcfy  thi«  depreffion  of  the  fucker,  the  air,  in  the 
cavity  of  the  cylinder,  is  fcparatcd  from  the  cylinder,  and  defcends, 
together  with  the  fucker,  in  that  whole  depreffion ,'  new  furfaces  arc 
taken  from  that  defcending  air,  and  ftretch'd  out,  as  in  the  cafe  of  de- 
"  fcending  water.  Since,  therefore,  fuch  furfaces,  are  as  eafily  flipped 
"  oif,  and  extended  at  the  end  of  the  depreffion,  as  at  the  beginning,  it  is 
**  no  wonder  there  fliould  be  the  fame  difficult}'  of  depreffing,  in  both  ca- 
"fes.**  By  which,  he  feems  to  intend  an  cnpofition  to  apart  of  the 
third  experiment,  which  I  opposed  not  againft  his  opinion :  yet  he  offers 
nothing  at  all  to  invalidate  my  inference  ;  but,  infltead  of  that,  propofes 
a  defrace  of  his  own  opinion,  which  fuppofcs  the  tnith  of  his  hypothefis; 
and  is  unfatisfadtory,  even  according  to  that,  or  elfe,  difagrees  with 
what  himfelf  hath  taught  us,  but  a  little  before.  For,  'tis  evident, 
that  the  more  the  fucker  is  deprefs'd,  the  more  the  cylinder  is  exhauf^ed 
<rf  air*  And,  fpeaking  of  the  air,  in  the  receiver,  he  affirms,  that  "  'tis 
"  the  more  extended  and  rarified,  the  more  is  drawn  out ;  and,  there- 
fore, acquires  the  greater  force  to  contraft  itfelf/'  Though  here  he 
would  have  us  believe,  that  the  little  internal  air,  in  the  cavity  of  the 
-ihank  of  the  ftoo-cock,  as  firongly  attracts  the  fucker,  or  refifts  \ts  de- 
preffiire,  when  the  fucker  is  near  the  top  of  the  cylinder,  as  when,  being 
forced  down  to  the  lower  part  thereof,  the  fame  portion  of  remaining  air 
mufl  be  exceedingly  more  diflended. 

To  the  fourth  e3q)eriment,  our  author  objeAs  nothing,  but  endeavours 
exf^in  it  his  own  way,  whereto  he  fays,  this  circumflanee  excellently  agrees^ 
.that,  upon  the  xetum  <3li  the  external  air,  into  the  receiver,  the  tumid 
tladder  immediately  flirinks ;  becaufe  the  air  in  the  receiver,  which  drew 
the  fides  of  the  bladder  outward,  from  the  middle  of  it,  is  hereby  relaxed  : 
which  explication,  whether  it  be  more  natural  than  ours,  let  any  one 
judge,  who  has  confider'd  what  we  have  alledg^d  againft  the  Funiculus. 

To  the  breaking  a  glafs  receiver,  not  of  a  globular  %ure,  by  exhauft- 
•ing  moft  of  the  internal  air,  whereby  its  diminifh'd  preflure  became  unable 
to  refift  that  of  the  outward  airs  our  author  confidently  fays,  ^^  it  feems 
'^  incredible,  that  the  mofl  foit  air  (hould  fo  vehemently  comprefs  fuch  a 
"  glafs,  on  all  fides,  as  to  break  it."  As  if  it  were  more  credible,  that 
the  air  within,  fhould  be  able  to  aft  more  pov^rfully  upon  the  glafs,  than 
that  without,  which  himfelf  confefies  to  be  a  heavy  body  ;  and  which,  not 
only  reaches  from  the  furface  of  the  earth,  to  the  top  of  the  highefl  moun- 
tains, but  may,  for  ought  we  know  -to  the  contrar}%  be  heapd  upon  tlic 
Tcceivcr^  to  the  height  of  fome  hundreds  ofimiles. 

Rrxr  2  After 
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nHAvic*-     After  a   redcal  of  the  ninth  experiment,  he  propoC's  his  objtf£fion  to  it 
''^^'^iliUSi    "  But  rhis  feems  far  removM  from  truth,  bccaule,  if  the  preffurt 
*'  of  the  air,  which  licfccnds  by  time  tube  into  the  vial,  be  fo  great  as  to 
},  *'  break  the  vial  itfelf,  it  ftiould,  certainly,  firft,  very  much  move  the  wa^ 

**  tcT,  in  which  the  rube  is  immexs'U,  excite  bubbles  in  it,  ^i.  yet  if 
"  is  certain,  that  the  water,  before  the  vial  breaks,  doth  ;ioc  move  at  all." 
But,  for  all'tiiis,  I  think  our  explanation  true  :  for,  we  put  the  water  intft- 
the  %'ial  that  was  brojceo,  upon  a  particular  defign  ;  and,  in  the  fecorrd- 
trial,  the  water  was  omitted.  But,  notwithftanding  this  water,  the  lides 
of  the  filafs  being  cxpos'd  to  the  prctVure  of  the  atmol'phere,  wholly  fiiP- . 
tain'd  it,  before  the  exhauftion  c^^  liic  receiiver :  fo  that  tiiere  needed  ito 
fuch  blowmg  in  of- the  air  a-frefli,  as  oiu"  auihorimagincs,  to  break  the 
vial ;  it  being  Jufficieut  for  that  purpofe,  that  the  prelVare  againft  the 
convex  fujierhcies  of  it,  was  taken  o'S,  by  cxhaufting  the  receiver ;  the  pref- 
fure  againft  rhe  concave  ilipcrficies,  remaining  as  ^at  as  ever.  And, 
therefore,  we  need  not  altogether  deny  what  he  lays,  that  "  tho'  the 
"  tube  hid  been  dos'd  at  tiie  top,  the  vial  would  ftill  iiave  broke."  For, 
fincc,  in  fuch  cafes,  the  air  is  (hut  up,  with  the  whole  preifore  of  the  sc- 
mofphere  upon  it,  this  may,  almc^,  as  eafdy,  break  the  glafs^  as  if  it  were 
unftopp'd ;  and,  accordingly,  we  mention  the  breaking  of  a  thin  gtai^ 
hermetically  feal'd,  upon  tne  exrraftion  of  the  ambient  air.  But,  as  con- 
fidently as  our  author  fpcaks,  fuch  thin  vials  arc  fubjeft,  upon  with- 
drawing the  ambient  air,  to  ftretch  a  little ;  whereby  the  fpring  of  the  in- 
cluded air,  may,  in  fome  cafc^  be  fo  far  wcakned,  as  not  to  be^  able  to 
lircakthem,uniefsafliftedby  the  preffure  of  theaimolphere  :  and  when  the- 
vial  afhiatly  begins  to  break,  the  enfuing  preflure  oT the  outward  air,  up- 
on fhat-wirhin  the  vial,  may  help  ro  throw  the  pans  of  the  gtafs  more  for-- 
cibly  alunder. 

The  author,  baring  recited  our  conjefture,  as  to  the  reafon  why  two 
flat  fmooth  marbles  ftick  fo  clofely  together,  approves  my  way  of  exa- 
mining that  conjefture.  But,  I  Iky,  tho'  the  marbles  were  kept  tc^ther, 
by  the  pTcllure  of  the  ambient  air,  yet  they  did  not  fall  afunder,  in  our  e»- 
haufted  receiver,  becaufe  of  fome  fmall  leak  in  the  receiver  ;  yet  he  tells 
us,  with  his  ufual  confidence,  that  thisvei^  experiment  fufficiently  fliews,, 
that  opinion  fjlfe.  But,  pofliWy,  he  would  have-fpok«n  lefs  refohitely,  if 
he  had-  made  all  the  trials,  about  thoMdhefion  of  marbles,  that  I  have.  For 
he  fpeaks,  as  if  all  that  we  afcribe™  the  air,  in  fuch  experiments,  were 
to  fuftain  the  lower  marble,  with  the  weight,  pgrhaps,  of  a  few  ounces; 
whereas,  if  the  air  be  wholly  kept  from  getting  between  the  ftones,  it  may 
fuftain  a  weight  equal  to  that  of  a  pillar  of  air,  as  broad  as  the  balls  of 
the  lower  marble,  and  as  high  as  the  atmofpherej  or,  to  the  weight  of 
ftcolumn  of  quick-filver,  of' thelame  thicknefs,  and  about  30  inches  long. 
And,  therefore,  fince  when  we  had  exhaufted  our  receiver,  as  far  as  we 
could,  there  remain'd  air  enough  to  fuftain  in  the  tube,  a  cylinder  of 
€)(iick-lilver  an  inch  high  ;  and  fince  the  broader  the  contiguous  marbles 
are,  the  greator  weight,  faftcn'dto  the' lowermoft,.  may  be  fuftain 'd,  by 


the  refTilancc  of  the  air  ;  it's  no  wonder,  that  the  air,  Hemaining  in  the  re-*  ^95Hi?'**» 

ccivcr,  Ihould  fupport  the  lower-moft  marble,  whofe  diameftr  was  near  ^'^^"^  ' 

two  inches,  and  a  weight  of foui:  ounces  j  thofe  two  weights  being  iijfe^ 

rior  to  that  of  a  mercurial  cylinder,  of  the  fatne'diameteir,  and  an'.  ufthiQ 

length  :  and  tho*  they  were  not,  yet,  perhaps,  the  receiver  was  lefs  empty^.. 

when  we  made  the  3  ift  experiment,  than  when  we  made  the  17th.    An4 

'twas  with  the  fame  pair  of  marbles,  that,  befbtte  an  illuftrious  affem* 

bly,  the  upper-moft  drew  up  the  lower-moft,  tho*  clo^'d  with  a  weight 

of  above  430  ounces. 

A  s  for  the  account  our  author  gives  of  thi$:phenomenon,  few,  I  believe, 
will  acquiefce  in  it :  for,  not  to  infift  upon  the  obje£Hon,  which  himfelf ' 
takes  notice  of,  that,  according  to*  him,  the  diftended^ir  in  the  receiver, 
fhould  draw  the  adhering  marbles  afunder,  his  explanation  fuppofes, 
that  there  cannot,  naturally,  be  a  vacuum ;  whence  he  infers,  that  the 
"  ftone  could  not  defcend,  but  by  leaving  fuch  a  thin  fubftance  behind 
"  it,  as  happens  in  the  defcent  of  quiclo-filver^  or  water/'  He  adds,  that 
the  adhefion,  in  our  cafe,  proves  obftinate,  becaufe  fuch  a  fubftance  is  far 
more  difficult  to  be  feparated  from  marble,  than  from  auick-filver,  or  any 
other  kind  of  body  ;  but  this  aifertion  is  precarious.  And  though  I  have 
made  numerous^  experiments,  with  ftones  of  feveral  fizes,  yet  I  could  ne- 
ver find,  that,  by  their  cohefion,  they  would  fuftain  a  weight  greater 
than  that  of  a  piUar  of  the  atmofpbere,  that  prefs'd  againftthe  lowed  ; 
which  is  a  confiaerable  circumftance,  that  much  better  agrees  with  our 
explanation,  than  with  his. 

Of  the  fudden  extin£lion  of  animals^  included  in  our  receiver,  which  I 
afcribe  to  the  exceflive  thinnefs  of  the  iir  therein,  he  fays,  "  it  feems 
"  impoflible  they  fhould  die  fc^  foon,  merely  thro*  want  of  a  thick  air  :'* 
but  gives  no  other  reafon,  than  the  fuddennefs  of  the  effeft ;  which,  too, 
feems  grounded  upon  a.  miftake:  for,  the  creatures,  he  mentions,  were 
a  bee,  a  fly,  and  a  caterpillaf ;  atid  thofe  induded  in  a  fmall  receiver, 
which  could  be  fuddenly  exhaufled  ;  andthefe,  indeed,. became  movelefs, 
within  a  mini  tc.  And  tho'  thefe  infefts  did,  in  (b  fhort  a  time,  grow  move- 
'  lefs,  yet  they  were  not  fo  foon  kill'd,as  appears  by  the  narrative.  The  fan- 
guineous  animals,  that  did,  indeed,  die,  were  killed,  more  flowly.  And  ha- 
ving, purpofely,  enquired  of  a  diver,  how  long  he  could,  before  he  was  accuf- 
tom'd  to  (live,remain  without  breathingMT  the  u&  of  a  fpunge ;  he  told  me,  that 
at  firft  he  could  hold  out  about  two  o^Sree  minutes,  at  a  time ;  which  made 
me  think,  that  divers  become  able  to  continue  under  water  fb  long,  either  by 
a  peculiar  conftitution  of  body,  or,  a  gradual  exercife.  And,  I  am  apt  to  think, 
that,  as  'tis  ufual,  he  hereby  meant  a  much  fhorter  time  than,  when  exaftly 
meafur *d,  it  amounts  to.  For,  having  made  trial  upon  two  live  moles,  one  of 
them,  included  in  a  fmall  receiver,  was  between  two  and  three  minutes  in 
lulling ;  whereas,  the  other  being  detained  under  water,  did  not  there 
continue  full  a  minute  and  a  quaner,  before  it  finally  ceasM  from  gi- 
ving any  fign  of  life.     Hence  'tis  not  impoffible,  that  the  want  of  refpi- 

ration,  (hould  difpatchan  animal  iaas  little  time^ .  as^  is.  mention^ii  in  the 

txpcri* 
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■«!iperimcnr.  And,  indeed,  our  author  fhould  either  have  prov'd  it  im- 
poffible,  for  the  want  of  air  to  deftroy  animals  fo  foon ;  or  have  giFtn  us 
wane  better  account  of  the  phenomenon. 

*Twcre  a  necdlefs  task,  to  examine  any  more  of  our  author's  objeftions 
to  particular  experiments,  fince  they  wholly  proceed  upon  the  fuppofition 
of  his  Funiculus ;  which  has  been  iufficiently  proved  a  chimatra  :  wherea.s 
thcf]  ' 
but  ( 


E  fori  ng,  as  well  as  the  weight  of  tht  air,  is  not  only  allow'd  by  himfelf, 
!t  demonftrable  by  experiments  uncontrorerted  betwixt  us. 
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Mr.  HO  B  B  S's 

Phyfical  Dialogue, 

ABOUT    T  HE 

Nature  of  the  A  I  R; 

E  X  A  M  I  N*D, 

With  relation  to  the  Phyfico-mechanical  Experiments 
of  the  Spring  and  £f£edb  of  the  A I IL 


■■laMI 


R.  HMs^   in  difputing  againft  mci  feems^  generally  to  htve  mif-  gj  «K|*J^ 


M  apprehended  my  notion  of  the  air.    For^  when  I  uy  the  air  Has  !SrTjiML 
gravity,  and  an  elaftic  power ;  or,  that  the  air  is,  in  great  part^ 
pump'd  out  of  the  receiver;  *tis^  plain,  that  I  take  the  air,  in  the  obvious- 
fenfe,  for  part  of  the  atmofphere,  which  we  breathe^  and  wherein  wc: 
move  :  nor  do  I  find,  that  any  other  of  my  readers  underftand'  me  other- 
wife.    But  Mr.  HoHfs  thinks  he  has  fufficiently  confuted  me^  if,  in  feme 
cafes>  he  proves,  that  there  is  a  fubtile  fubftance^  or  «her,  in  feme  places 
which  I  take  not  to  be  fill'd  with  air  ;  and  that  the  stther  has,  or  want^ 
fome  properties,  which  I  deny,  or  afcribe  to  the  air  :  but  I  do  not  deny 
that  the  atmolbhere,    or  fluid  bodv,  which   furrounds  the  terraqueous 
globe,  may,  beudes  the  grofler,  ana  more  iblid  corpulBes,  wherewith  ic 
abounds,  confift  of  a  thinner  matter,  which,  for  diftin^on  &ke^  F,  aUb,  a- 
gree  to  call  ^ethereal. 

But  he  does  not,  that  I  remember,  deny  the  truth  ofany  of  the  mat- 
ters of  fa6l,  I  have  deliver^ ;  nor  attempt  to  prove,  that  the  explanations 
I  have  given  of  my  experiments,  ar?  contradiftory  to  the  dodnne  I  ad«- 
iianco :  but  rather  rejects  our  two  grand  hypothefes^  the  weig^  and  fprtftR 


.  "3 


<5go  'The  Pneumat$iikgibf^$ments  defendtL 

VkiBVMATict.ofthe  au:-   It  will  here,  therefore,  fufRce  to  prove,  what  he  is  unwCop) 
"^^^  ^  grant. 

And  firft,  that  the  air,  in  nvjr  fenfe  of  the  word,  is   not  defticua  i  \ 

vrei^t,  we  have  Ihcwn  by  various  experiments :  one  of  thetn  is,  that  1 1 

.  blown  bladder,  carefully  weighM,  in  an  exaft  pair  of  fcales,  was  feosd  I 

manifeftly  heavier  when  full  of  air,  than  wiien  empty  of  air.  ^ 

Secondly,  it  ha^j;  akf9)  been  obferv'd,  that  an  stolipile,  being  well  hea  ed, 
and  the  "'little  orifice,  left  at  the  top  of  the  pipe,  being  ftop'd,  whilft  it  wa 
, thus  hot;  upon  opening  of  this  hole,  when  thearolipile  was  grown  dd 
again,  the  external  air  ruChing  in  at  the  forcmention'd  orifice,  caus'd  Ac 
xolipUe  to  weigh  fo  inuch  more  than  it  did  juft  before  the  external  air  got 
^  in,  as  amount^  to  near  a  thouiandth  part  of  the  weight  of  an  equal  bulk 
of  water. 

Thirdly,  in  die  .Magdeburgic  experiment^  the  great  receiver  they  were  " 
to  cxhauft,  being  weign  d  both  before  and  after  die  extraction  of  the  air,  * 
.  they  foimd  the  difference  to  be  i  ounce  -i,    **  which,"  fays   the  learned 
SchMus^  "  is  a  yery  dear  demonftration  of  the  gravity  of  the  air.** 

Fourthly,  we  have  weigh'd  the  air  Ihut  up  in  bodies,  in  our  exhauftcd 
receiver,  wherein  of  two  materials,different  in  nature,  a  blown  bladder,  ani 
a  glafs  bubble,  each  equi-ponderant  to  a  more  folid  weight,  before  the 
air  was  pumpM  out,  we  found  that  which  included  a  large  quantity  mani- 
feftly to  pteponderate  after  the  exhauftion.  To  the£e  we  might  add  odicr 
<proofeioiHcjfime  purpo&j  But  thefe  afford  Tuch  a  variety  of  cafes,  that 
It  would  be'fuf)etfliiou^ 

Let  us  now  fee  what  Mr.  Moiis  objefts  againft  the  experiment  of  the 
.bladder,  weighM  in  the  exhaufted  receiver  ^  tor  he  quarrels  not  with  tk 
•areft.  "  That  the  fcale  which  contains  the  bladder,  is  more  deprefs'd  than 
•*'  the  other,  they  may  be  certain  by  fight ;  but  that  this  proceeds  from  the 
'  natural  graifity  ot  the  air,  they  cannot  be  certain,  efpecially  if  they  kiww 
^  not  the  efficient  caufe  of  gravity."    But  can  we  not  be  fure,  that  lead 
is,  inf^cie^  heavier  than  cork,  unlefs  we  know  the  efficient  caufe  of  gra- 
vity? The  reafon,  he  gives,  why  the  bladder  outweighs,   is  this,    "flat 
"  the  bladder,  whether  blown  up  with  a  pair  of  bellows,  or  with  human 
breath,  is  heavier  than  when  flaccid,  I  will  not  deny,   becaufe  of  tte 
^  Meater  quantity  of  atoms,  or  of  fuliginous  corpufcles  :    but  there's  no- 
thing certain  in  this  experiment.  They  ought  to  have  put  into  the  fcales 
•*  two  veflels  of  equal  weight,  whereof  one  fhould  be  fhut,and  the  other  open : 
'**  for  thus  air,  not  blown  in,  but  barely  inclos'd,  had  been  weighVi  ;  when, 
^'  therefore,  air  ihall  be  fo  weighed,  we  will  afterwards  confider  what 
'  may  be  laid  to  the  phenomenon.*'    The  firfl  part  of  this  paflage  docs 
not  deny  the  gravity  of  that  we  call  air,  but  only  endeavours  to  fecw, 
what  oMtsthcy  are  that  make  it  heavy.    And,  as  to  the  fecondj  he  fecms 
to  miltake  the  prefent  cafe :  for  there  is  no  need  that  the  air  in  the  bladder, 
before  the  exhauftion  of  the  receiver,  fliou'd  be  heavier  than  the  outward 
air.    Wherefore,  when  be  fubjoins,  that  firom  this  experiment   we  can 
^4cdttcc  nothihg  cerfam,  the  affimmtion  is  precarious.    And  Mr.  I&bis 

might 
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TTiight  eafily  have  perceivM,  that  we    did  make   a    trial  much  of  the^»"^ij"«» 
fame  nature  with  that  he  defires  :  for,  we  weigh'dthe  air  in  a  glafs,  her-  ^•^▼^^ 
metically  feal'd,  wherein  it  was  not  blown  in,  but  barely  inclucfed.     And 
fince,  in  his  elements  of  philofophy,  he  grants,  and  gives  his  reafon  for 
it,  that,    "  if  air  be  blown  into  a  hollow  cylinder,  or,  into  a  bladder,  it 
**  will  increafe  the  weight  of  either  of  them  a  little  j^  and,  fince  here  he 
likewife  confefles,  that  there  are  mix'd  with  the  aether,  many  aqueous  and 
earthy  particles :  he  confefles,  that  the  air  is  not  deftitute  of  weight ;  and  it* 
concerns  us  no  more  than  hrmfelf,  toihew  how  the  corpufcles,  upon  whofe 
account  the  air  is  heavy,  make  it  fb. 

This  is  all  which  Mr.  Hobbs^  in  feveral  places,  thinks  fit  to  objeft  a- 
gainft  the  gravity  of  the  air;  leaving  the  C3q)ermient  of  the  a^olipile,  and 
lome  others,  unanfwer'^d  ;  which,  alone,  prove  the  air  has  a  manifeft  weight, 
even  when  uncomprefs'd,  and  in  its  laxity.  Let  us  now  examine  whether  the 
air  has  not,  alfo,  aipring.  This,  tho'  he  calls  it  Tas  he  likewife  does  the  weight 
of  the  air)  a  dream,  yet  himfelf,  in  efiedt,  grants  all  that  is  requifite  to 
prove  the  fpring  of  the  air.  For,  delivering  that  known  experiment,  where- 
m  the  air  is'comprefs'd  in  a  glafs  bottle,  by  the  forcible  injeiftion  ^  wa- Jij.  «. 
ter,  which,  when  the^lafs  is  unftopp'd,  the  air  again  throws  out,  in  re- 
covering its  former  dimenfions;  he  iays,  that  "tte  air,  with  which  the 
"  fpherical  glafs  was  filled,  being  mov^d  bv  earthy  corpufiiles,  in  a  fim- 
**  pie,  circular  motion  ;  andbeingcomprefs  dby  the  force  of  the  in  jeftion^ 
"  that  of  it,  which  is  pure,  gets  out  into  the  open  air,  and  gives  place  to 
the  water.  It  follows,  that  thefe  earthy  corpufcles  have  lefs  {pace  left, 
wherein  to  exercife  their  natural  motion ;  therefore,  beating  one  upon 
another,  they  force  the  water  to  fly  out,  when  the  .external  air  pene- 
trates it,  and  fucceflively  takes  up  the  place  of  the  evacuated  air,  till 
**  the  corpufcles  of  the  fame  quantiw  of  air  being  reftored,  reeain  a  li- 
**  berty  natural  to  their  motion.**  But,  topafs  by  feveral  other  of  his 
conceifions,  to  this  purpofe,  i«re  can  prove  the  ipring  of  the  air  by  many 
phenomena  of  our  engine,  of  which  be  offers  no  other  explanation. 

If  the  TirriceBian  experiment  be  made  in  a  tube,  between  two  feet  and 
a  half,  and  three  feet  in  length;  and  if,  when  the  mercury  refts  at  its 
wonted  ftation,  you  dextroufly  flop  the  orifice  of  the  tube,  with  your  fin- 
ger, that  orifice  being  raised  as  near  the  furface  of  the  ibtgnant  mercury, 
as  poflible,  without  admitting  the  external  air  ;  if,  then,  you  quite  lift  up 
the  tube,  thus  ftoppM,  into  the  free  air,  you  fliall  feel,  upon  your  finger, 
little  or  nopreflure  from  the  weight  of  the  mercurial  cylinder,  diftinft  from 
the  weight  of  the  tube ;  becaufe  the  gravity  of  the  quick-filver,  is  balancM 
by  that  of  the  outward  air,  which  thruftsyouriinger  againft  it :  but^  if  you 
invert  the  tube,  and  having  let  in  tlie  air  at  the  orifice,  ftop  it  aeain  with 
your  finger ;  and  again  let  the  mercurial  cylinder  reft  upon  that  nnger,  you 
will  find  your  finger  ftrongly  prefs'd,  and  ready  to  be  thruft  away ;  which 
new  preflure,  fince  it  x:annot  come  from  the  mercury,  nor  from  the  weight 
of  the  admitted  air,  to  what  can  we,  rationally,  afcribe  it,  but  to  the  fpring 
of  the  included  air  ?  And  the  force  hereof  will  be  as  well  manifeft  to  the 
VoL.n.  Sfff  ey^ 
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^Jir*'eye,  as  the  finger,  if  the  cube  be  unOopp'd  under  the  furface  of  the  nagtwm: 
'^^^  mercury  i  Forthenthatm  tliegUft,  will  not  reft,  as  before,  at  the  ufua! 
ftarion,  but  be  deprefs'd  far  bereath  it.  And,  if  you  make  the  TorrUd- 
lian  experiment,  in  a  (Hon,  open  lubc,  ftopp'd,  above  and  below,  with, 
your  fingers,  upon  unftopping  the  upper  orifice,  a  new,  and  forcible  pref- 
lUre  will  be  felt  opon  the  finger  that  flops  the  lower  orifice,  made  bv  the 
gravitation  of  the  external  air,  vvhich  was  before  kept  from  rrlHng  upon 
the  mercurial  cylinder,  by  the  upper  linger,  the  pulp  of  which,  by  that  gra- 
vitating air,  was,  before,  thrun  into  the  deferted  cavirj-  of  the  tube  ;, 
which  demonftrates  both  the  ipring  of  the  air,  and.  the  gravity  of  the  ac- 
iiiof|>here. 

But  to  the  experiment  of  the  fwelllnp  and  (hrinking  of  a  bladdc-r,  Iiung- 
JD  our  receiver,  as  the  ambient  air  is  withdrawn,  and  fuftbr'd  to  return;. 
Mr.  fioiilis  replies,  "  that  every    stin    is  made   up  of  linall  threads,  on 
"  filaments,  which,  by   reafon  of  cheir  figures,  cannot  cxadliy    conch   in 
"  all  points.     The  bladder,  therefore,  being  a  skin,  muft  be  pervious,  not 
*'  only  to  air,  but  to  water  alio ;  whence,  there    is   the  fame  ccmpreflurc 
"  within  the  bladder,  as  without.     The  endeavour  of  which  (the  way  of 
"  its  motions  being  every  way  croft)   tends  to  the  concave  fitperficitrs  of 
•*  the  bladder;  wherefore  i:  muft,  of  neceffity,  fwdl  every  way,  and  the 
"  vehemency  of  the  endeavour  increafing,  be,  at  laft,toni.'     But,  if  this 
be  a  fufficient  anfwer  to  fiich  an  experiment,  1  fear,  it  wili.be  harder  than 
we  arc  yet  aware  of,  to  prove  any  thing  by  experiments.     For,  firft,  how 
improbable  is  it,  that  foch  bladders,  as  we  ufed,  are  readily  pervious  to 
the  air;  when  eafy  experience  flirws  us,  that,  by  leifurely.  oomprcffing 
iuch  blown  bladders,  betwixt  our  hands,  we  ftiall  rather  break  them,  than 
i^uceze  out  the  air  at  their  pores-?  So  that  the  reft  of  his  anfwer  beino  built 
upon  what  is  fo  repugnant  ro  common  experience,   ^  ill   not  need  a  pnrci- 
cular  confiitation  :    however,  we  fhew,  that   by.  the   exhauftion  of  the- 
air,  e(»en  a  glafs,  hermetically  feal'd,  was  broke :  and  to  fay,  that  glafs,  alfo, 
is  pervious  to  the  air,  were  to  affirm  what  the  grcateft  part  of  his  booJt 
fuppofes  to  be  fiilfe.     Befides,  theie  is  not  any  fenfible,  and  unqueftionable 
jAenomencn,  to  prove  that  the  receiver  is  full  of  anyfuch  air,,  as  hefpeaks. 
of;  tor  we  fee,  plainly,  that  when  the  air,  manifcftly,  gets  into  the  recei- 
ver, the  bladder  it  not,  thereby,,  made  to  fwell,  but  to  fhrink.     Moreover,, 
according  to  Mr.  Hobhi,  die  bladder  is  pervious  to  the  air ;  and  the  air,, 
within  the  receiver,  is  univerfally  comprefs'd,  as  well  that  which  is  within 
the  bladder,  as  that  which  is  without  it ;  how  then  comes  the  air,  that  bears, 
gainft  the  convex  furface  of  the  bladder,  not  to  refift  chat  which  is  contigu- 
«us  to  the  concave  fuperficics  of  the  fame ;  at  Icatt,. how  comes  the  bladder 
to  be  broken  by  the  air,  which,  according  to   Mr,  Ibhbs,  can  get  in    and 
oat  at  pleafurc  i"     And,  laftlj^  to  fhew,  that  to  the  fwelling  (^  the  blad- 
der, there  needsnothing  but  the  fpring  of  the  included  air  ;  and  no  fuch 
vehement  agitation  of  the  ambient  air,  as  he  fuppofes  incur  engine;  it 
appears,  by  the  experiment  of  M.  Pafchal,  that,  in  the  free,   and  ordinary. 
ur}.a  foot-hall,  hatf.blown,  will  gradually  fwell,  the  nearer  it  is  carri- 
ed^ 


ed  to  the  top  of  an  high  mountain,*  where  the  incumbent  cylinder  of  the^»«^MATic#. 
•atmofphere  is  fhorter,  and  its  weight  the  lefs ;  and  will,  for  the  contrary  ^-^VX./ 
reafon,  grow  more  flaccid,  the  -aearer  it  approaches  to  the  foot  of  the  moun- 
tain. 

Mr.  IMh  attempts  to  explain  the  phenomena  of  our  engine,  by  fup- 
pofing,  that  "  many  earthy  particles  are  interfpers'd  with  the  air,  which  «^!!![?«,r'^ 
'  have  a  fimple,  circular  motion,  congenite  to  their  nature-;  and  that  there^'^^^'**"^ 
"  is  a  greater  quantity  of  thefe  particles  in  the  air,  near  the  earth,  than  ^^iviT*^' 
^*  remote  from  it."  But  this  attwmption^  to  me,  f^ems  very  precarious  ; 
for,  I  know  no  unqueftionable  example,  or  experiment,  whereby  it  can 
be  made  out,  that  aay  fmall  parcel  oi  matter,  has  fuch  a  fimple,  circular 
•motion,  as  he  afcribes  to  each  of  thefe  innumerable  earthy,  and,  as  he 
adds,  aqueous  particles.  The  only  argument  he  here  brings  to  prove, 
«chat  each  atom  would  have  this  motion,  if  all  the  reft  of  the  earth  were 
annihilated,  does  not  feem  dear  to  me.  For,  it  is  not  always  true,  that 
each  minute  part  of  a  homogeneous  body,  has,  in  every  refpeft,  the  fame 
<]ualities  with  the  whole  :  as  the  roundnefs  which  a  fmall  drop  of  water, 
or  quick-fil^fer,  is  obferv^d  to  have  upon  a  dry  plain,  is  not  to  be  met  with 
in  a  large  portion  of  either  of  thefe  fluids,  tho  placed  upon  the  fame  plain. 
And  Mr.  Hol^h,  as  well  as  we,  makes  the  terreftrial  atoms  in  the  air  to 
have  gravity  ;  a  quality  that  dees  not  properly  belong  to  the  whole  globe 
of  the  earth :  nor  is  it  manifeft  why,  becaufe  the  terreftrial  globe  moves  in 
a  vaft  circle  about  the  fun,  each  particular  atom  of  it  muft  defcribe  a  fmall 
circle  in  the  air,  about  I  know  not  what  center.  And,  tho'  he  afferts,  that  the 
air,  near  the  earth,  abounds  with  fuch  terreftrial  corpufcles,  'tis  not  likely 
they  fhould  have  fuch  a  regular  motion,  as  he  attributes  to  them  >^  but, 
ftriking  againft  one  another,  they  muft,  in  probabilitv,  be  put  into,  almoft, 
as  various,  and  confufed  a  motion,  as  Des  Cartes  afcribes  to  his  terelhrial 
particles,  fwimming  in  the  atmofphere. 

Mr.  Hobh  farther  endeavours  to  prove,  that,  by  the  exhauftion  of  our 
cylinder,  no  vacuum  is  produc'd  ;  and  gives  a  very  different  accoimt  of  the 
experiment  itfelf :  he  fays,  that "  while  the  fucker  is  drawn  back,  the  more 
"  fpace  is  left  within,  the  lefs  is  left  to  the  external  air ;  which  being 
thruft  backwards,  by  the  motion  of  the  fucker,  towards  the  outer- 
moft  parts,  moves,  in  like  manner,  the  contiguous  air ;  and  that,  the 
next;  and  fo  forwards:  fo  that,  ofneceflity,  atlaft,  the  air  muft  be 
compelled  into  the  fpace  deferted  by  the  fucker,  and  enter  between  the 
**  convex  furface  of  the  fucker,  and  the  concave  of  the  cylinder.  For, 
the  parts  of  the  air  being  infinitely  fubtile,  muft  infinuate  themfelves 
that  way  by  which  the  Tucker  is  dravsm  down;  fince  the  contadt  of 
thofe  furfaces  cannot  be  perfect  in  all  points,  becaufe  the  furfaccs  them- 
felves cannot  be  made  infinitely  fmooth :  and  then,  that  force,  which  is 
^^  applied  to  draw  back  the  fucker,  in  ibme  meafure  diftends  the  cavity  of 
'^  the  cylinder  ;  and  if,  betwixt  the  two  furfaces,  one  finjgle  ^  hard  atom 
**  fhould  enter,  pure  air  will  enter  by  the  fame  way,  tho  with  a  fmall 
^  force.    And  thus  air,  for  the  lame  reafon^  infinuates  kfelf  through 
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P*wj^«c«***  the  valve  of  the  cylinder  j  and,  therefore,  the  retradbion  of  the  Sir 
"^"^^^  '  "  will  not  prove  a  vacuum.    It  follows,  alfo,  that  the  air,  which  is  iif 
'*  ven  up  into  the  fpace  deferred  by  the  fucker,  becauie  it  is  fordb!yl=-  [ 
"  pell'd,  has  a  very  fwift,  and  circular  motion,  betwixt  the.  top  and  tit  i 
**  bottom  of  the  cylinder ;  becaufe  there  is  nothing  there  to  weaken  fcs  l 
"  motion  ,•  and  nothing  can  give  motion  to  itfelf,  or  diminjfh  it."  BuL  \ 
many  exceptions  may  be  maae  to  this  reafomng.    And,  firft,  I  know  na 
why  Mr.  mhhs  fhould,  here,  confine  his  difcourfe  to  the  pump,  wjthoc 
taking  notice  of  the  glafs  it  is  defign'd  to  evacuate.     We  will,  therefore, 
confi(&r  how  he  can  account  for  the  cxhauftion  of  the  receiver,  as  well  as 
of  the  cylinder,  fince  we  ufually  employ  them  both  together.     And  he  b^ 
ing  obliged  to  explain  the  exhauftion  of  the  one,  as  well  as  the  other,  h 
will  be  convenient  to  take  into  confideration  the  receiver,  becaufe  that  be- 
ing of  glafs,  and  tranfbarent,  we^  can  better  fee  what  happens  in  it,  thin 
in  the  opake  cvlinder.  This  premised,  I  do  not  clearly  perceive,  by  this  expla- 
nation, how  he   avoids  a  vacuum  \  for,  according  to  his  firft  words,  the 
external  air  is  difplac'd    by  the  niotion  of  the  fucker  outward,  and  this 
diQ)lac'd   air  muft  move  that  which  is  next  to  it ;    and  that  the  next, 
and  fo  onward,  till,  at  lengthy  the  air  muft  be  compelled  into  the  fpace 
deferted  by  the  fucker  :  fo  that  till  this  returning  air  get  in  betwixt  the 
fucker  and  the  cylinder,  how  appears  it,  from  this  difcourfe,  that  the  de- 
ferted foace  was  not  empty  for  fome  little  time  ?    Certainly  all  thefc  mo- 
tions ot  the  air,  forward  and  backward,  could  not  be  performed  in  an 
inftant ;  as  may  appear  by  the  motion  of  founds  and  echoes,  whofc  velo- 
city is  reducible  to  meafurc.    Secondly,  tho'  he  take  his  adverfaries  to  fe 
vacuifts,  yet  he  here  fuppofes  the  plenitude  of  the  world.     I  wifh,  thirty, 
that  Mr.  Hohbs  had  declared,  from  whence  the  return  of  the  air's  impulfe 
Ihould  begin  ;   for  that  may  well  be  requirM  from  one,  who,   making  the 
world  full,  and,  for  ought  appears,  fluid,   allows  us  to  believe  it  infinite,  if 
the  magiftrate  fhall  enjom  us  that  belief     Fourthly,  I  demand,  what  ne- 
ceflity  rfierc  is  for  fo  forcible  a-  return  of  the  impulfe,  as  is  reqiiifite  to 
thruft  in  the  air  at  fo  narrow  a  paflfage  as  that  between  the  fucker  and  cv- 
linder ?   For,  why  may  not  that  impulfe,  when  diflufed  m  the  vaft  ambient 
medium,   be  fo  communicated,   and  blended  amon^  the  diflferent  morions 
of  the  other  parts  of  it,   as  not  to  return  again  from  whence  it  be^un? 
As  a  voice,  tho*  ftrong,  will  not  move  the  air,  bevond  a  certain  diftance 
fmartly  enough  to  be  reflefted  in  an  echo,  to  the  fpeaker  ;  and,  as  a  ftone 
caft  into  a  lake,  will  have  the  waves,   it  makes,  diverted  from  retumin*' 
to  the  place  they  began  at.     Fifthly,  I  do  not,  likewife,  fee,  that  *tis  pro- 
bable, what  Mr.  HMs  affirms  of  fo  thick  a  cylinder  as  ours,   that  it  fhould 
be  diftended  by  depreffing  the  fucker.     But  this  I  infift  not  on  ;  the  prin- 
cipal thing,  peculiar  in  Mr. /ft*^/s  explanation,  is,  th^t  as  much  air  as  is 
driven  away  by  the  fucker,  prefently  cets  in  again,  betwixt  that  and  the 
cylinder.  But,  by  the  air  thus  fuppos  d  to  get  in,  he  either  means  in  the 
ufual  fenfe,  and  m  ours^  the  common  air,  fuch  as  We  live  and  breathe  in  > 
tfj  he  does  note 

If 
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If  he  fpcaks  of  fuch  air,  I  can  plainly  prove,  by  federal  experiments, '*««''»«^*«ci 
that  our  engine  is,  in  great  part,  diftitute  of  it.    For,  firft,  if  there  be  a  ^  '^"^^^  ' 
contrivance  made,  wherebv  the  whole  pump  may  be  cover*d  with  water 
we  may,  as  we  have  try'a,  plainly  fee  the  air  that  is  drawn  out  of  the 
receiver,  at  each  reciprocation  of  the  £ucker,  pafs,  in  great  bubbles,  out  of 
the  valve  thro'  the  water. 

Next,  it  apijears,  by  the  Magdeburgtc  experiment,  that,  by  reafon  of  the 
recefs  of  the  air,  the  globe  of  glafs,  whence  it  wentout,.wasdiminilh'din 
weight,  above  an  ounce.  Thirdly,  the  fame  truth  may  be  prov'd  by  the 
experiments  formerly  mention  d,  of  the  fwcUing  rf  a  bladder,  and  the 
breaking  of  an  hermetically  fcal^  glafe,  upon  t£e  recefe  of  the  ambient 
air  \  thefe  experiments  having  been  abready  vindicated  from  Mr.  Hobbs^k 
very  imprdbrible  folutierts.  Fourthly,  the  fame  may  be  prov'd,  by  the 
breaking  of  weak,  or  ill-figur'd  receivers,  inwards ;  of  which,  on  our 
hypothefis,  the  reafon  is  clear  j  but  not  on  his.  And,  fifthly,  what  I  con- 
tend for,  may  be  fufficiently  prov'd  from  this  one  phenomenon  ;  that  tho*, 
if  the  receiver  being  full  of  common  air>  the  key  be  turned  under  water, 
the  water  will  not  at  all  afcend  at  the  open  orifice  j  yet  the  like  being 
done,  after  the  exhauftion  of  the  receiver,  we  have  had  ieveral  ^llons  of 
water  violently  impelled  into  the  cavity  of  theglafs  :  which  coula  not  hap- 
pen, if  it  were  flill  of  air,  both  in  regard  there  can  be  no  probable  caufe 
aflign'd  why  the  water  fliould  be  thus  fpurted  up  ;  and  becaufe  the  re^ 
ceiver  being  already  full  of  air,  either  two  bodies  muft  be  contained  in  one 
place,  and  fo  we  muft  allow  penetration  of  dimenfions  i  or  elfe  common  air, 
to  which  glafs  is  impervious,  muft  pals  thro*  the  watery  which,  we  con- 
clude, it  does  not,  becaufe  no  fuch  biibbles  are  made  in  the  external  wa- 
ter, as  would  appear,  if  common  air  pafs'^d  thro'  it.  Nay,  fo  little  of  this 
common  air  was,  fometimesj  left  in  the  globe  ufed  VitMagdeburg^  that  when 
the  water  was  fuffer  d  to  rufli  in,  it  reduced  the  air  into  lefs  than  the 
thoufandth  part  of  the  capacity  of  the  globe  j  and  even  if  our  receiver  be 
unftopp'd,  not  under  water,  but  in  the  open  air,  the  ambient  air  will, 
violently,  prefs  in,  with  a  great- noife,  durable  enough  to  argue,  that  the 
glafs  was  lar  from  being  full  of  fuch  air  before; 

And  thus  we  may  argue-  againft  Mr.  Hdbbs^  if  he  would  have  the 
engine,  when  we  call  it  exhaufted,  fiU'd  with  common  air  ;  as  his  words 
feem  to  intimate.  But  becaufe,  by  ibme  other  paffages  of  this  dialogue^ 
he  may  be  favourably  thought  to  mean,  that  the  pure  air  is  that  which 
gets  in  by  the  fides  of  the  fucker,  into  the  pump,  and  fb  into  the  recei- 
ver, let  us  confider  his  explanation  in  this  fenie  alfo.  I  defire  it  may 
be  obferv'd,  that  if  Mr.  HM^  takes  the  air  in  this  feocnd  fenlc,  he  does 
not  oppofe  what  I  have  delivered;  the  air,  Ipretend  to  be  |)ump*d  out 
of  the  receiver,  being  the  common  air,  which  confifts/  in  great  part,  of 
grofler  corpufcles,  than  the  ethereal  fubftance.  Yet,  even  thir  explana* 
tion  will  be  liable  to  the  two  firft  inconveniencies,  lately  objedted  againft 
the  other,  in  favour  of  the  vacuifts;  and  to  federal  objections  befides.  I' 
<^iexve,  again,  that  tho'  the  pump,  be  kept  all  the  while  under  watery . 

yet 
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^KiTict.ygt  the  cxhaiiftion  of  the  cylinder,  and  receiver^  will  proceed  as  well  as 
^VN*'  \^  the  open  air.    I  demand,  then,  how  rite  pure  air  gets  in  by  the  (ides 
of  the  fucker,  immcrs'd  in  water  ?     1  prcuinic,  for  want  of  a  more  plau- 
fiblcanfwcr,  Mr.  //uWj  will  here  fay,  that  the  air  pallcs  thro'  the  body 
of  the  water,  to  fill  upthc  defertcd  ipace,  that  muft,  otherwife,  be  void. 
But  then  1  appeal  to  any  rational  man,  whether  I  am  obliged  to  bcheve 
fo  unhkely    a  thine,  upon  a  bare  affirmation  ;  for  he  docs  not  fo  much  as 
pretend,  by  any  pnenomenon,  to  countenance  this  affertion  :  and  there 
:  are  phenomena  that  make  ajrainft   it.     Many  experiments  (hew  us,    that 
when   air  partes  thro'  water,     it  makes  bubbles  there,    which,  in  our 
cafe,  do  not  appear.      Befides,  wh^  fhould  not  the    outward  air,   ra- 
ther impel  the  water,  as  we  fee  it  frctjuently  does,  than  be  fuppos'd  to 
dive  fo  rtrangely  and  imperceptibly  thro'  it  ?     U  hen,  alfo,  the  throughly 
'  cxliaufted  receiver  is  unftopp'd,  under  water,  he,  who  obferves  how  the 
•  water  rufhcs  in  with  a  ftream,  as  big  as  the  paflfage  admits,  will  hardly 
imafiinc,  that  at  the  fame  time,  as  much  air  as  water  can  pafs  thro'  the 
liimc  orifice  unperceiv'd.     But,  it  may   be  faid,  in   Mr.  Hohli's  behalf 
that  either  his  explanation,  or  a  vacuum,  muft  be  admitted.     To  which 
I  reply,  fitft,  that  he  has  not  evinc'd  there  can  be  no  vacuum.     Next,  that 
I  we  have  made  it  probable,  that,  by  his  explanation,  he  does  not  avoid  tlie 

ncccffity  of  a  vacuum.  And,  thirdly,  that  a  plenift,  having  recourfe  to 
Mr.  //oW«'s  precarious  divingof  the  air,  mny,  more  probably,  decline  the 
neccilicy  of  yielding  a  vacuum,  by  faying,  that  the  xther  is,  by  the  irapulfe 
of  the  deprefs'd  fucker,  and  the  refiftancc  of  the  ambient  bodies,  fquecz'd 
thro*  the  pores  of  the  glafs,  or  cyUpder,  into  the  cavity  of  tlie  veQel,  as 
feft  as  room  is  there  made  for  it.  And,  I  confefs,  I  wonder  that  Mr. 
Hnhbs  fhould  be  fo  averfe  to  this  way  of  folving  the  objection,  fince  he  fup- 
pofes  the  parrs  of  the  .lir  to  be  infinitely  iubtile  ;  which,  if  they  arc,  no 
pores  can  be  too  narrow  to  admit  them.  But,  to  prefs  this  no  farther,  1 
muft  here  take  notice,  that  whether  the  cavity  of  the  receiver,  be  rcfolv'd 
to  be  empty,  or  full  of  Mr.  Hobbs's  aethereal  body,  or  the  Cartefmn  celeftial 
matter  j  the  violent  rufhing  in  of  the  water,  when  the  veflel  is  unftopp'd 
under  that  liquor ;  with  feveral  other  phenomena,  which  cannot  be  afcrib'd, 
to  the  fubtile  matter  within  ;  fufficiently  argue,  that  there  is,  in  the  ex- 
ternal air,  a  far  greater  power  of  prefTuig  inwards,  than  there  is  within  of 
refifting  ;  and,  confequently,  fuch  a  weight,  or  fpring  in  that  air,  as  we 
plead  for. 

Mr.  I^bbs,  too,  will  have  the  air,  impell'd  by  the  fucker,  to  move  very 
"fwiftly  betwixt  the  top  and  bottom  of  it ;  as  alfo,  when  it  gets  into  tlie 
cavity  of  the  receiver;  yet,  when  a  light  bladder  is  fufpended  in  the 
ca\dty  of  the  receiver,  it  betrays  no  fuch  motion  :  nay,  the  flame  of  a  taper 
was  not  blown  out,  nor  ftirr'd  by  this  fuppofed  wind  j  and  fmoke,  produ- 
ced in  the.exhaufted  receiver,  was  not,  by  this  vehement  motion  of  the  air, 
blown  about  the  receiver.  But,  ifthecommonexcemalair  beadmittcdat 
the  ftop-cock,  that,  indeed,  will  ruih  in  with  noife  and  violence,  and  whirl 
about  the  bladder,  which  hung  quietly  before. 

In 
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In   explaining  the  Torricellian  experiment,   he  fpends  many  words  to^*^vui^*t\c». 
prove,  that  the  place  deferted  by  the  fufpended  mcrcviry,  is  fiiHi  of  air,     ^^ 
But  this  expofition  fuppofcs  a  plenum  :  and,  if  he  cakes  the  air  in  the 
common    fenfe    of  the  word,    *ris    manifeftly  •  repugnant,   to    feveral 
phenomena ;    as  that,  if  the  experiment  be  carefully  made,  we  may,  by 
inclining  the  tube,  impel  the  mercury  from  its   wonted  ftation  to  the 
top ;  which  will  not  happen,  in  cafe  the  air  were,  before  inclination,  let 
into  the  deferted  fpace  ;  that  if,  when  the  mercury  is  fettled  at  its  ufual- 
Itation,  the  tube  be  lifted  up  out  of  the  ftagnant  quick-filver,  the  out- 
ward air  will  drive  up  the  heavy  mei-curial  cylinder,  oftentimes,  with 
force  enough  to  beat  out  the  feal'd  end;   and,  laftly,  the  quick-filver 
refting  at  its  ftandard  height,  if  you  carefully  ftop  the  lower  orifice,  un- 
der the  furface  of  the  ftacnant  quick-filver,  and  then  lifting  up  the  tube   - 
into  the  air,  keep  it  well  ftopp'd,  and  firft  deprefs  one  end,  and  then  the 
other;  the  quick-filver  will  fall  againftthe  deprefs*d  end  of  the  tube,  with  . 
a  furprizing  force  and  fwiftnefs:  whereas,  if  unftopping,  the  tube,  whilft 
the  fame  quantity  of  mercury  remains  in  it,  you  let  the  outward  air 
into  the  cavity,  unpoflefs'd  by  the  meroury ;  and.  then,   again,  ftop  the 
orifice  with  your  nnger,  and  proceed  as  before,   you  fhall  perceive  the 
motion  of  the  included  fluid,  to  be  much  (lower,  and.  Icfs  violent  than  • 
formerly,  by  reafbn  of  the  refiftance  of  the  admitted  air ;  which,  alfo,  ma- 
nifeftly difclofes  itfelf,  bytheconflift,  and  bubbles  produced  betwixt  the 
air  and  quick-filver,  in  haftily  pafllhg  by  one  another,  to  the  oppofite  ends  of 
the  tube.    But,  Mr. -Hb^^x,  not  pretending  that  any  attraftion  intervenes 
in  the  cafe;  I  fee  not  how  he  can  poffibly  mahc  out,  to  omit  other  pheno- 
mena, the  gradual  defcent  of  the  mercury,  in  the  tube,  beneath  its  wonted 
ftation,  upon  the  exhauftion  of  the  receiver;  and  there-afcentofthe  fame; 
in  the  fame  tube,  as  we  let  in  more  or  left  of  the  outward  air,  without 
admitting  as  much  of  fpring  or  preflUre  in  die  air,  as  I  contend  for.    The- 
weight  of  the  tcrrcftrial  particles,  by  which  he  endeavours  to  account 
for  the  quick-filver's  falling  lower  at  the  top,  than  at  the  bottom  of  w 
hill,  will  by  no  means  ferve  his  turn  v  it  bemg  utterly  improbable  ttet 
the  air,  contained  in  fo  little  a  veflel  as  one  of  our  receivers,  can,  by  its^ 
weight,  counter-balance  fo  ponderous  a  cylinder  of  quiclr-filver  :  whence; 
we  may  be  allow'd  to  argue;  that  the  air  fuftains  it  by  fuch  a  prcfTure, 
or  fpring,  as  we  plead  for,  whether  that  proceed  fiom  tha  texture  of  the  . 
aerial  pairticles,  Irom  their  motion,  or  from  both. 

The  laft  of  Mr.  Hobbs^s  principal  explanations,,  is  of  the  experiment 
wherein  above  i.oo  pound  weight,  being  hung  at  the  deprefs'd  fucker, 
the  fucker  was,  notwithftanding^Jmpell'd  up  again,  by  the  air,  to  the    - 
topof  the  cylinder.      This  phenomenon  Mr,  Hobbs  accounts  for    thus. 
**  The  air  being  beaten  back  by  the  retradlion  of  thefuckc?,  and  finding  no 
"  void  place,  wherein  to  difpole  of  itfelf,  befides  that  which  it  may  make,.  , 
^  by  driving  out  other  bodies,  is,  by  perpetual.trufion,  at  length,  forced 
**  into  the  cylinder,  with  fo  great  fwiftncls,  between  the  ooncave  fnrfeca   - 
!*  of  the  cylinder,  and  the.  convex  furface  o£  the  flicker^  as  may  anfwcr  ■ 
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P»»uMATicf  **  the  power  neccffary  to  draw  back  the  fucker.     Now,  the  air  rfci 
*  "^^^^  ^«  retains  the  fwiftncls  wherewith  it  enters  ;  and  then,  every  way ,  dies 
**  the  fides  of  the  brafs  cylinder,  which  is  elaftic.     Xherefore,  the  air  n 
**  the  cylinder,   being  vehemently  mov'd,  thrufts  againft  all  pans  of  is 
'"  concave  furface  of  the  cylinder,  tho*  in  vain,  till    the  flicker  is  draw: 
"  back  ;  but,  as  foon  as  the  fucker^  being  loofe,  ceales  to  impel  thcalr, 
"  that  air  which  was  before  driven  in,  will,  by  reafon  of  its  endeavour  :- 
*'  gainft  every  point  of  the  internal  fuperficies  of  the  cylinder,  andofti 
*'  elaftic  force  of  the  air,  infinuate  between  the  fame  Turfaces,  with  a  velo- 
city equal  to  that  by  which  it  was  impelled ;  that  is,  with  a  velocity  whidi 
anfwers  the  ftrength  of  the  impulfe:  when,  the  fwifcnefi  wherewith  tk 
the. fame  air  goes  out  of  the  cylinder,  finding  no  where  to   difpolc  d 
itfelf,  will,  again,  impel  the  fucker  to  the  top  of  the  cylinder  ;  for  the 
fame  reafon  that  the  fucker,  a  little  before,  made  an  impulfe  upon  the 
air."    But  this  whole  conceit,  of  tlie  air's  running  in  and  out,  with  a 
flrangc  velocitj^,  between  the  fucker  and  thf  cylinder,   is  precarious  ;  nor 
-docs  he  propofe  one  phenomenon  to  countenance  it.     Farther,  we  found,  in 
an  engine  fo  contrived,  that  the  pump  lay  covered  with  water,  when  the 
fucker  was  drawn  back,  xhe  atmofphere  would  ftrongly  prefs  the  water  i- 
gainft  it ;  and  if  the  handle  were  let  go,  fwiftly  repel   up  the  fucker  into 
the  deferted  cavity  of  the  cylinder  ;    which  being  a  cai^  paraUel  to  that 
under  confideration,  let  any  unbiafs'd  perfon  judga  how  Ukely  it  is  that 
the  air  could  perform  all  thcfe  excurnons,  without  exciting  bubbles,  na- 
withftancUng  the  water^s  conftant  interpofition:  betwixt  it  and  the  cylindcr- 
And  there  is  as  little  probability  in  wnat  our  author  teaches  of  the  iir's 
aancuus.     I  might  here  repeat,   what  we  formerly  mentioned,  of  the  break- 
ing of  our  receivers  inwards,  not  outwards ;  and  add,  that  I  fee  no  rea- 
fon why  the  comitus  of  the  included  air,  if  granted,  ihould  be  fruftrated, 
when  the  flicker  is  .deprefs'd  ;  but;,  if  the  air  within  have  fo  flrong  an  en- 
deavour outwards,  as  to  ftretch  the  thick  fides  of  the  brafs  cylinder,  as 
Mr.  Hobbs  would  have  it,  I  demand,  why  the  air  does  not  throw  out  the 
wooden  peg,  or  valve,  which  we  have  often,  to  our  trouble,  feen  tlirown 
out  with  great  force  and  noife,  when,  the  deprefs'd  fucker  i>eing  thruft 
up  again,  whilft  there  was  air  in  the  cylinder,  we  forgot  to  leave  the  vaJrc 
open  J  tho*,  in  this  cafe,  the  air,  that  drove  out  the  peg,  was  far  enough 
from  fbretching  the  cylinder.     I  further  demand,  how  it  comes  to  pais, 
that  if,  having  ftopp'd  the  hole  of  the  cylindei;,  with  your  finger,  inftead  of 
the  peg,  you  fwiftly  deprefs  the  fucker,  vou  fhall  be  fo  far  from  feeling 
a  preflurc  outwards,  againft  the  pulp  ot  the  finger,  from  any  thing  con- 
tain*d  in  the  cavity  of  the  cylinder,  that  your  finger  will  be  ftrongly  prefs'd 
in  by  the  ambient  air.    But,  as  to  the  laft  part  of  the  paflaee,  under  confi- 
deration, I  do  not  underfland  why  the  air  that  was  impell  d  in  fb  fwiftlv, 
betwixt  the  cylinder  and  the  fucker,  fliould  not  refift  the   fwift  egrels 
which  Mr.  Hobbs  afcribes  to  the  included  air,  by  the  fame  paflage ;  nor 
why  this  impelled  air,  that  has  fo  fhrong  an  endeavour  outward,  ihould  ne- 
wer deprdi  the  fucker^  as  well  as  the  fame  air,  diftufing  its  motion  thro' 
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the  vaft  ambient  medium  can  enable  the  external  air  to  thruft  up  the  fucker  ^'sv^i^Ticf. 
again ;  efpecially,  fince  during  fuch  a  depreffion  of  the  fucker,  made  by  the  '  -^^^ 
rebound  of  the  air,  forcibly  impelfd  in  from  the  clofe  bottom  of  the  cylin- 
der, the  air  from  without,  may,  all  this  while,  according  to  Mr.  HMs*s 
principles,  get  in  between  the  laid  fucker  and  the  cylinder.  But,  I  fur- 
ther fay,  that  tlie  lifting  up  of  the  fucker,  either  is  ^ot  neceflary  to  prevent 
a  vacuum  ;  or,  that,  in  feme  cafes,  it  will  be  hard  to  fhew  how  a  vacuum 
i<:an,  by  Mr.  Hoblfs,  be  avoided.  For,  when  the  deprefs'd  fucker  is  ready 
to  be  thruft  up  again,  if  you  hang  a  much  greater  weight  at  it,  than  a 
hundred,  it  will  not  be  lifted  up  at  all.  And  whereas  this  progrefs,  and 
regrefs  of  the  impulfe  of  the  external  air,  cannot  reafonably  be  fuppos'd  to 
be  very  lafting,  you  may,  by  a  competent  weight,  detain  the  fucker  de- 
prefs'd,  till  the  ambient  air  is  as  quiet  as  ufual  ,•  yet,  if  you  then  take  off 
the  overplus  of  weight,  or,  perhaps,  a  little  more;  in  cafe  the  pump  has 
been  very  ftanch,  the  fucker,  and  the  great  weight  hung  on,  will,  ncver- 
thelefs,  be  carried  up  :  which  'tis  no  way  likely  it  could  be,  by  the  impulfe 
of  the  outward  air,  that  had  time  to  decay,  and  be  confounded.  And,  as 
for  the  inward  air,  we  have  prov*d,  that  it  has  no  fuch  endeavour  out- 
wards, as  Mr.  HoMs  pretends  ;  otherwife,  why  (hould  not  that  throw  out 
the  fucker,  rather  than  caufe  it  to  be  impell  d  inward  ;  it  being  no  way 
likely,  that,  in  cafe  fome  air  Ihoidd  get  out  of  the  cavity  of  the  cylinder, 
it  could  fo  move  tiie  outward  air,  a^  that  the  reflex  of  that  impulfe  (hould 
make  that  free  outward  air  bear  more  ftrongly  againft  tlie  outfide  of  the 
fucker,  than  the  infide  of  the  fame  fucker  is  prefs'd  againft  by  the  included 
air,  whofe  impetus  is,  incomparably,  lefs  diffuied  ?  In  ihort,  whatever  is 
refolv'd  to  be  in  the  cavity  of  the  cylinder,  when  the  fucker  is  deprefs'd, 
yet,  fince  'tis  manifeft,  that  ^tis  at  ieait,  in  great  part,  deftitute  of  common 
air;  and  fince  thef fucker,  with  the  weight,  may,  if  the  inftrument  leak 
not,  be  impelfd  up,  when,  in  all  probability,  thofe  forc'd  undulations 
of  the  air,  that  may  be  fuppos'd  to  have  been  made  by  the  fucker,  have 
ceas'd ;  the  CarteJianSy  Mr.  Hobbs^  and  others,  who  will  not  have  recourie 
to  the  unintelligible  attraction  of  fome  rarified  fubfiance  within^  muft 
afcribe  fb  ftrange  a  phenomenon  to  the  preffure  of  the  air  without.  * 

The  reafon  why  water  afcends  in  imall  |la£s  tufiies,  Mr.  Ihbbs  tells  u^ 
is,  that  *'  the  fmall  particles  interfpers'd  m  the  air,  near  the  water,  by 
'*  their  motion  beat  upon  the  furface  of  the  water,  fo  that,  the  fluid 
'^  muft,  of  neceflity,  afcend  into  the  *(Ape ;  and  the  more  fenfibly  into 
**  one  exceeding  flender."  But 'tis  maniSdB:,  that  I  did  not^  in  relating 
this  phenomenon^  take  upon  me  to  aflign  the  true  reafon  of  it.   However^  I 


*  That  experiment  of  Mr.  Bdukshee\ 
whereby  it  appears,  that  140  pound  weight 
was  requifiteto  feparate  two  heniifpheres, 
2  r  inches  in  diameter,  iqueei'd  together, 
by  an  additional  atmofphere  of  air;  proves 
the  preflTure  of  that  fluid,  beyond  all  con- 
4radifiion,  againft  the  ^Funkular  hypothe- 
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fis,  thsit  of  fufiion,  fiPr.  efpecially  conC- 
dering  that,  when  the  air  was  exhaUfted 
out  of  thefc  hemilpheres,  and  an  atmo- 
fphere  injeSed  upon  their  external  furft- 
oes,  the  weight  of  280  pound  was  neceH 
dry  to  eaufe  their  feparatioo.  See  H^wks* 
U/%  Eitfirimnrtif  p.  Wi^9i. 
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"""■am  no  way  fntisfied  wich  Mr.  HMs's  explanation  :  for,  to  fay  nothing  of 
^T"^  the  moiion  he  afcrlbes  to  the  particles  difpers'd  thro'  the  air,  he  leaves  the 
difficulty  uniblved  ;  fir.ce  there  being  commnn  air,  as  well  within  the  ca- 
vity of  tiie  tlendcr   pipes,  as  without,  he  offers  no  reafon  why  the  prelfure- 
of  the  air  within,  fliuiild  not  relift  the    prelViire  of  the  fame  kind  of  air 
without,  .IS  we  fee  it  docs  in  greater  pipes.      And,  pofTibly,  he  would 
havepflftby  this  particular,  if  he  had  not  overlook'd  the  advcrtifement  I 
Gave,  tliat  it  would  concern  thofe  who  Ihoiiid  undertake  to  Ihew  the  cati- 
Ics  of  this  phenomenon,  to  confider,  alfoj  of  a  reafon  why,  if  the  experi- 
ment be  try'd  with  qiiick-filver,  inflead  ot  water,  the  fui^facc  of  that  fluid 
will,  inftead  of  being  higher,  be  lower  within  the  pipe,  than  without  it; 
whereas,  if  Mr.  Hohbs's  explication  be  fufiicicnt,  why  (hould  not  the  con- 
trary happen  in  quick-filver,  as  well  as  in  water  ?     The  next  paffage  to 
be  confider'd,  is  this  :     "  If  any  one,  after  the  frequently  repeated  im- 
**  pulfe,  and  retraftion  of  the  luckcr,  endeavour  to  draw  out  the  ftoppla 
"  of  the  upper  orifice  of  the  i-eceivcr,  he  (hall  find  it  gravitatevcry  much; 
"  as  if  a  weight  of  many  pounds  hung  upon  it.     Whence  eomes   this? 
"  From  a  ftrong,   circular  endeavour  of  the  air  within  the  receiver,  made 
"  by  the  violent  ingrefs  of  the  air,  between  the  convex  furface  of  the 
*'  fucker,  and  the  concave  of  the  cylinder  j    procured  by  the  repeated  im- 
"  puUc,  and  revullion  of  the  flicker,  improperly  call'a.  the  cxfuftion   of 
*'  the  air:    for,  by   reafon  of  the  fulnefs  of  nature,  the  ftopple  cannot 
*'  be  drawn  out ;  but  whilft  that  circulates  very  fwiftly,  it  comes  out  very 
*'  hardly;   that  is,   it  fccms  to  be  very  heavy:  for,  asloon  as  frelh  air  is, 
*'  by  degrees,  let  into  the  receiver,  it  likewife,  by  degrees,  lofes  this  feem — 
"  ing  f;i  nviry-""  To  this  lanfwer,.firft,  that  if  there  be  fuch  a  vehement,, 
drculai  crueiivrur  of  theair,  in  the  receiver,  by  which  motion  he  teaches,, 
that  the  air  ruOics  out  with  violence  enough  to  make  the  atmolphere  lift  up, 
in  our  cylinder,  above  loo  pound  weight  ;   I  fee  not,  why  it  fbould  not,, 
rather,  throw  out  the  ftopple,  under  confidcration,  than  hinder  its  extra— 
ftion  :  and  wliy,  when  the  external' air  is  re-admittcd  at  the  ftop-ccck;. 
into  the  exiiaufted  receiver,  and  thereupon  there  fenfibly  follows,  for  a  little 
while,  a  rotation  of  the  included  airj  the  ftopple,  chat,  juft  before,  fcom'd 
fo  much  to  refift  the  being  drawn  out,   ftiould  ceafe  to  make  any  fuch  re- 
fiftance.     Nor  do  I  fee  how  the  plenitude  of  nature  ftiould,  as  is  here  in- 
timated, hinder  the  extraction  of  the  ftopple;  for,  according  to  the  ple- 
nifts,  the  world,  and  the  receiver,  muft  be,  at  all  times,  equally  full 
And  if  the  contiguous  air  muft,  for  Mr.  Hohlfs's  reafon,  neceffarily  be  ex- 
trafted  with. the  ftopple,  in  one  cafe,     I  fee  not  why  the  like  Ihould  not 
happen  in  another.     Now,  it-appears,  by  our  experiments,  that  there  is 
no  fuch  very  ftrong,  circular  endeavour,  in  the  exhaufted  receiver,  as    he 
pretends;  but,  indeed,  an  endeavour  of  the  ambientatmofphcrc,  to  prefs 
the  parts  of  theglafs  inwards,  and  cover  thofe  that  are  contiguous  to  it. 
For,  as  I  have  noted   already,  a  light  bladder,  fufpended  in  the  recei- 
ver, manifefted  no  fuch  motion,  as-  he  here  fuppoles ;  neither  were  a  pair 
.of  fcoles  fufpended  within  the  fame ;  cor  a  long  magnetical  needle,  that 
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refted  upon  the  point  of  another  needle,  at  all  whirfd  about,  by  this  Jma- f '^JJJ^'**; 

ginary  motion  of  the  air.    Befides,  if  you  leifurely  loofen  the  brafs  ftop-  ' 

,ple,  10  that  it  may  be  very  near,  but  not  contiguous  to  the  fides  of  the 

locket,  you  (hall,  rpanifettly,  perceive  a  ftrong  current  of  air  to  flow  into 

the  receiver,  at  that  pkflage  j  and  more  than  once,  when,  inftead  of  that 

piece  of  brafs,  we  ftoppa  the  hole  in  the  cover,  with  our  cement,  we 

obferv'd  fometimes  whilft  we  were  pumping,  fometimes  after  we  had 

.done  pumping,  that  the  outward  air,  by  degrees,  deprefs'd  the  fupeilfi- 

cies  ot  the  cement  expos'd  to  it,  and  made  it  concave  ;  and,  now  and  then^ 

would  break  through  it,   thrufting  it  inward  with  great  violence  and 

noife. 

Mr.  Hobbs^  afterwards,  attempts  to  reftify  another  of  our  explanations, 
in  thcfe  words.  *'  We  have  feen,  alfo,  that  water  let  down  into  the  re- 
**  ceiver,  after  fbme  returns  of  the  motion  of  the  fucker,  ha«  bubbled  fo, 
"  as  if  it  had  boil'd  over  a  fire  ;  which  happens  by  reafbn  of  the  fwift- 
**  nefs  of  the  circulating  air  :  unlefs,  perhaps,  you  find-  the  water  hot  too, 
"**  whilft  it  bubbles.  For  if  we  were  fore  it  was  hot,  we  muft  find  out  fbme 
**  other  caufe  of  the  phenomenon.  But  we  are  certain  it  is  not  fenffbly 
"  hot^  how,  therefore,  can  the  greater,  or  lefs  motion  of  the  atmofphero, 
"  promote  fuch  a  motion  as  this  ?  "  But,  1  confefs,  I  fee  not  how  the 
•circular  motion  of  the  air,  within  the  receiver,  cotild,  in  a  vial,  with  a 
long  neck,  produce  fuch  eflfefts  as  we  mention  ;  efpiecially  I  fee  not  Jiow 
iuch  a  wind,  pafllng  along  the  furface  of  the  water^  could  raile  fo  many 
^ery  large  bubbles,  which  feem*d,  generally,  to  rife  from  the  lower  pans  of 
the  water,  thro'  the  long  neck  of  the  vial,  and  fpout  it,  ^%  it  were,  into 
the  receiver. 

As  for  what  he  fays,  about  the  gravity  of  the  atmofphere,  'tis  plain 
enough,  that  my  conjecture  afcribes  the  phenomenon  to  the  taking  off  the 
prelmre  of  the  air  within  the  receiver ;  tho'  I  fee  not  why  the  removal 
of  the  weight  of  the  atmofphcre,  if  it  could  be  efibiaed,  out  of  the  engine, 
fhould  not  have  a  like  opcraticm.  And  that  the  greater,  or  lefs  prcflure 
of  the  air  concurs  to  this  phenomenon,  appears  from  coihmon  experience ; 
for  water,  by  being  heated,  is  expanded,  and  generates  bubbles  :  and  our 
experiments  have  made  it  appear,  that  there  are  aerial  particles  in  water, 
and  other  liquors,  which  tend  to  expand  tbemfelves  \  and  afhially  do  fo 
in  numerous  bubbles,  when  the  preffure  of  the  incumbent  air  is  confide- 
rably  leflen'd.  In  theprefent  phenomenon,  that  prefliire  being,  bythcex- 
hauftion  of  the  receiver,  taken  off,  the  aerial  particles,  and  agitated  va- 
pours abounding  in  the  hot  water,  arc  allowed  to  expand  themlelves  ;  and 
to  make  fuch  numerous,  and  great  bubbles,  as  thereby  to  carry  oft  a 
large  part  of  the  water  out  of  the  vial.  So  that  I  wonder  what  makes 
Mr.  Hobbs  fpeak,  as  if  there  were  no  fenfible  heat  in  the  water,  under 
confideration  j  fince  'tis  exprefly  faid,  that  'twas  put  in  hot  ,•  and,  if  it 
were  put  in  cold,  could,  by  no  pumping,  be  brought  to  the  leaft  ftiew  of 
cft'ervefcence.  And,  I  have  already  ftiewn,  by  experiments,  that  there  is, 
in  our  exhaufted  receiver,  no  fuch  peculiar  motion  x>f  the  air,  as  be  afcribes 
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(•MATici-the  phenomenon  to.  Nay,  when  there  is,  manifeftly,  a  whirling  mw-' 
^"y^  tionof  the  air  in  the  glafs,  upon  the  admiflion  of  the  external  air,  the  pro-  < 
duftion  of  numerous  Dubbles  in  the  water,  prefently  ceafei.  And,  there*-  J 
fore,  Mr.  Hobbs  might  have  let  alone  my  conjcfture,  unlefs  he  could  eithcf,! 
have  difprov'd  it  better,  or  fubllituted  a  moi"e  probable  one  in  its^f 
ftend. 

}A.r.  Hebbs,  having  recited  our  experiment  of  killing  animals,  in  theex- 
haiilled  receiver,  in  two  or  three  minutes,  asks;  "  if  thefe  animals  were 
"  fo  quickly  kill'd,  for  want  of  air  ;  how  do  divers  live  under  wa- 
"  ter  :  for  fomc  of  them,  accuftom'd  to  it  from  their  childhood,  will  fuftain 
"  the  want  of  air  for  a  whole  hour?  Certainly,  that  moft  vehement 
**  motion,  by  which  included  bladders  are  diUcnded,  and  broken,  kills 
"  thefe  animals."  But,  I  ftill  think,  we  want  fome  clearer  difcovery  about 
this  matter,  notwithftanding  what  has  been  deliver'd  concerning  it,  by 
Mr.  Hobbs  I  for,  his  argument,  againfl;  my  conjefture,  is  anfwer'd  by 
himfeif,  fince  he  plainly  nitimates,  that  divers,  who  can  live  without  air 
for  a  whole  hour,  are  accuftom'd  to  it  from  their  childhood.  Wherefore, 
unlefs  the  animals  that  died  in  our  enpinc,  had  been,  for  a  long  time, 
train'd  up,  by  degrees,  to  live  without  air,  it  will  not  follow,  that  the 
want  of  it  would  not  foon  difpatch  them  ;  as  ordinary  men  may  be  drown'd 
in  a  few  minutes.  And,  having  purpofely  let  down  fome  mice,  and  fmall 
birds,  into  a  deep  ^lafs,  fill'd  with  water  j  and  kept  them  from  emerging, 
by  a  weight  tied  to  their  legs,  or  tails;  tho'  fome  liv'd  longer  than  others, 
yet  I  obferv'd  them  to  be  kill'd  fall  enough,  to  keep  my  conjefture  from 
being  incredible  :  efpecially,  the  laft  we  made  trial  of,  tho'  a  large  and  iufty 
moufe,  appear'd  to  be  quite  dead,  within  fomewhat  lefs  than  a  minute. 
And,  we  particularly  took  notice,  that,  before  drowning,  ftveral  bubbles, 
which  feem'd  to  betherefpiredair,  came  out  of  their  mouths,  and  afcended 
thro'  the  water.  We  have  already  difprov'd  the  fuppofition  whereon  Mr. 
Hobbs's  opinion,  as  to  the  caufe  of  the  death  of  animals,  in  the  receiver,  is 
built ;  for  no  fuch  vehement  morion,  as  he  pretends,  is  there  to  be  found.  Nor 
does  it,  at  all,  clear  the  difficulty,  that  he  would  have  this  motion  the  fame 
whereby  included  bladders  are  diftcnded,  and  broken.  For,  'tis  very  hard 
to  conceive,  how  the  tenacity  of  the  air  ;  or  irs  beatint?  from  all  parts, 
Upon  the  convex  furface  of  an  almoft  empty  bladder,  (for,  in  fuch,  alfo, 
the  experiment  will  fucceed)  Ihould  m.ake  it  burft  outwards.  And,  we  have 
already  prov'd,  that  the  diftenfion,  and  breaking  of  bladders,  in  our  re- 
ceiver, proceeds  not  from  any  fuch  motion  of  the  neighbouring  air,  as  is 
here  prefumed,  but  from  a  quite  different  caufe. 

Mr. /foM/ has  a  lontj  difconrfe  concerning  the  extinftion  of  fire,  in  our 
receiver,  upon  exhaufting  the  air  ;  and,  he  endeavours  to  reduce  what 
happens  to  kindled  coals,  placed  in  our  engine,  to  what  happens  in  cer- 
tain mines,  wherein,  wiien  fome  thick  damps,  afcend,  both  charcoal,  and 
candles  are  foon  extinguifh'd.  He,  alfo,  attempts  to  (hew;  that,  by  the 
reciprocation  of  the  fucker,  the  air,  impell'd  hrft  into  the  cylinder,  and 
then  into  the  receiver,  is  put  into  fuch  a  motion,. as  gives  it  a  certain  mid- 
dle 
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die  confiftence,  betwixt  that  of  pure  air,  and  that  of  water.     But  I  (hall  Pi»««MATicf, 
not  need  to  examine  this  fecond  part  of  his  difcourfe, .  becaufe  I  deny  the 
firft  ;  and  being  able  to  difprove  the  thicknefs  of  the  air,  in  the  exhaufted 
receiver,  I  need  not  fpend  time  about  what  he  teaches,  of  the  manner. 
His  hiftory  of  the  damp,  to  be  met  with  in  mines,  is  more  largely  fet  down 
in  his  elements  of  philofophy  j  where  he  feems  to  mention  it  as  a  ftory  of 
doubtful  credit,  which  *tis  likely  he  would  not  have  done,  if  he  had  then  feen 
it ;  and  if  he  has  not,  fince,  obierv'd  the  thing  himfeli^  there  may  eafily  be 
a  miftake  in  fome  of  the  circumftances  :  as,  for  inftance,  the  number  of 
minutes  wherein  the  thick  air  choaks  the  fire ;   and  'tis  upon  that  cir- 
cumftance,  the  validity  of  what  he  deduces  from  the  obfervation,  chiefly 
depends.    But,  however  the  matter  ftands  with  thefe  fubterraneal  damps, 
we  have  already  prov'd,  by  feveral  of  the   experiments  of  our  engine, 
that,  in  the  exhaufted  receiver,  there  is  no  fuch  motion  of  the  air,  ^s 
is  here  fiippofed.     And  it  may  be  fufliciently  proved,  that  whatever 
remains  in  the  receiver,  is  not  fuch  a  fubftance  as  Mr.  Hoibs  would  . 
have  it ;  for,  he  here  tells  us,  it  is  of  a  confiftence  betwixt  air  and  wa- 
ter ;  and,  in  his  elements,  fays,  'tis  not  much  lighter  than  water.     But, 
by  the  Mhgdeburgic  experiment,  'tis  evident,  that  the  receiver,  by  being 
exhaufted  of  common  air,  is  io  far  from  growing  heavier,  chat  it  loft 
above  an  ounce  of  its  former  weight.    And  to  this  agrees,  what  happens 
in  xolipiles,  that  grow  lighter  when  the  air  is  expell'd.    Befides^  if  the 
receiver  be,  in  the  prefent  cafe,  fill'd  with  a  fubftance,  whofe  confiftence 
is  fo  much  nearer  that  of  water,  than  is  our  common  air,  as  Mr.  Hobbs 
would  have  it,  why  does  not  a   pendulum  move  fenfibly  flower  in  it  ; 
when,,  in  water,  the  vibrations  are  fo  exceedingly  flacken^d.  ?     And,  the 
breaking  of  an  hermetically  feal'd  bubble,    in  our  recei\'er,^  outwards, 
when  the  air  was  much  exhaufted,  and  not  before,  with  feveral  other 
experiments,  that  might  be  eafily  apply'd  to  this  piupofe, .  fufficiently 
prove,  that  'tisnot  a  thicker,  and^r  heavier  air,  but  a  more  yielding,  and 
lighter,  that  remains,  after  pumping,  in  the  cavity  of  our  receiver.    But, 
as  for  the  thing  itfelf;,   when  I  related  it,  1  thought  it  might   admit,  a 
farther  enquiry :  and,  indeed,  there  may  be  many  ways   of  extinguifli- 
ing  fire ;  fo  that,  as  'tis  not,  in  all  cafes,  eafy  to  aflign  the  true  caufe 
of  its  extinftion  \  'tis   unfafe  to  conclude,  with  Mr.  Hobbs^  that  becaufe 
a  candle,  or  a  live  coal,  may  be  extinguifli'd  by  a  thick  damp,  there- 
fore the   effcft  muft  proceed  from  the  like  caufe,  in  our  receiver,  where 
there  is  no  fign  of  any  damp,,  or  unufhal  thicknefs  of  the  air,  but  of  the 
contrary. 

Mr.  Hobbs  next,  pretends  to  ihew,  that  neither  the  fprihg,  nor  weight 
of  the  air,  have  any  thing  to  do  with  the  two  flat  polifliM  marbles,  not 
falling  afunder  in  our  receiver;  **  becaufe, "  fays  he,  "  the  weight  ot 
**  the  atmofphere  can  do  nothing  there  :"  he  adcis,  **  that  a  ftronger,  or 
•*  more  evident  argument  could  not  be  brought  a jainft  a  vacuum,  than 
"  this  experiment.  For,  if  two  coherent  marbles  fliould,  either  of  them, 
**"be  thruft  forwards  that  way  that  their  Surfaces  lie  contiguous,  they 
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■  would  eafily  befever'd;  the  neighbouring  air  fucceJIively  flowing  into 

^"V^^-^  •'  the  deferted  place.     But  fo  to  piiU  them  afunder,  that,  at  one  dme, 

*'  they  (hould  lofe  their  whole  contaft,   is  impoffiblc;  the  world  being 

"  full :  for  then,  either  motion  muft  be  made  from  one  term  to  another, 

*  "  in  an  jnftant  j  or,  two  bodies,  at  the  fame  time,  muft  be  in  the  fame 

•  "  place  :  to  fay  either  of  which,  is  abfurd."  But  how  this  fhould  be  to 
cogent,  and  manifeft  an  argument,  againft  the  racuifts,  I  do  not  weU 
difcern  ;  for  what  ic  proves,  ifit  prove  any  thing,   feems  to  be,  that  in 

,  cafe  the  cohering  marbles  could  be  fo  iei  cr'd,  as  to  lofc,  at  once,  their 
whtile  contaft,  the  world  might  be  concluded  not  to  be  fiiU  i  but,  I  fee 
not  how  it  thence  follows,  that  therefore  there  can  be  no  vacuum.     For 

-my  part,  I  would  demand,  whether  the  ftiong  adhefion  of  the  marbles 
be  neceflary,  or  not,  to  the  plenitude  of  the  world  ?  If  it  be,  how 
chance  a  fufficienC  weight,  hung  to  the  lower  marble,  can  immediately 

-^raw  them  afunder?  And,  ifit  be  not,  why  does  not  Mr.  Hohh  aflign 
fome  other  caufe  of  their  fo  ftrong  adhcfion,  if  it  depend  neither  upoa 

.the  itiring,  nor  ^\  eight  of  the  air?  As  for  the  non-fcgararion  of  the 
two  marbles,  in  our  receiver,  I  have  faid,  that  the  cautc  may,  proba- 
bly, be   the   preilurc  of  the  air,  remaining  in  the  receiver ;  for,  ds  no 

-way  unlikely,  that  the  remaining  air  fliould  be  able  to  futlain  a  weight 
of  four  or  five  ounces,  hanging  at  the  lower  marble;  llnce  the  free  air 
was  able  to  fupport  between  four  and  five  hundred  ounces,  hanging  at  the 
fame. 

But  Mr.  HoBh  tells  us,  that  the  caufe  I  aflign  of  the  cohefion  of  our 
marbles,    is  liable  to  great  inconveniencies  ;       for  they  confefs,"  iays 

'Jie,  "  that  all  ponderation  is  an  endeavour,  every  way,  by  right  lines, 
"  to  the  center  of  the  earth :  ib  that  i:  is  made  not  by  the  figure  of  a 
"  cylindel-,  or  column,  but  by  a  pyramid,  whofe  top  is  the  center  of 
"  the  earth;  and  whole  bads  is  part  of  the  furface  of  the  aimolphere." 
As  if  it  were  material  whether  a  body,  whofe  ba(is  is  (carce  two  inches 
diameter,  and  length  fome  thoulands  of  miles,  be  conlider'd  as  a  cylin- 
der, or  a  pyramid.     Cenainly,  Stevinus,  and   other  learned  hydroftatical 

■writers,  woufd  fcarce  have  made  this  an  objeftion;  fince  they  fcruple 
not  to  poftulate,  that  all  perpendiculars,  not  very  diftant,  be  look'd  upon 
as  parallel ;  tho'  they  allow  fuch  perpendiculars  would  meet  in  the  cen- 
ter of  the  earth.  What  he  adds,  "  that,  therefore,  the  endeavour  of  all 
*'  the  points,  which  ponderate,  will  be  propagated  to  the  furface  of 
"  the  upper  marble,  before  it  can  be  propagated  further  to  the  earth  /' 
to  prove   that  the  whole  endeavour  of  the  pyramid,  that  refts  upon  the 

'.Upper  marble,  is  terminated  there  j  and  that  there  is  no  endeavour  of 
the  atmofpherc,  againft  the  under  fuperficies  of  the  lower-moft  marble  ; 
feems  grounded,  partly,  upon  a  conceit  of  his,  about  the  nature  of  gra- 
vity :  according  to  which,  I  fee  not  why  any  body,  plac'd  between  the 
fides  of  that  pyramid,  or  cone,  whereof  the  upper  fuperficies  of  the 
higher  marble  is  the  bafis,  ihould  defcend  upon  the  account  of  gravity  ; 
and,  partly,  from  a  miftake  of  my  opinion  :  for,  I  no  where  ^eak  as  if 
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I  thought  the  lower  marble  was  fuftain'd  by  little  globules,  or  other  J^»mati««^ 
minute  bodies,  protruding  one  another^  direftly  towards  the  center  of  ^  "^^^^ 
the  earth,  and  rebounding  from  apcrfeftly  fmooth  furface.  Nor,  need 
I  fay,  that  the  lower  ftone  is  fuftainM  by  the  preffure  of  the  fame 
pillar  of  the  atmofphere,  as  refts  on  the  upper;  (incc  other  parts  of 
the  atmofphere,  fome  on  the  one  hand,  and  fome  on  the  other,  pref- 
fing  obliquely  upon  the  uneven  fxirface  of  the  earth,  may  have  their 
preflure  upward,  terminated  againft  the  lower  furface  of  the  under- 
moft  marble.  Thus,  an  awlipile  being,  by  heat,  well  freed  from  air ; 
if  the  litdc  orifice,  at  the  extremity  of  the  neck,  by  which  the  air 
gets  in  and  out,  be  foon  carefully  ftoppM  with  wax,  and  afterwards 
fiiffer'd  to  cool,  there  will  not  be,  in  the  cavity  of  the  arolipile,  a  re- 
fiftance  near  equal  to  the  preflure  of  the  outward  air.  And,  there- 
fore, if  you'  perforate'  the  wax,  that  afr  will  be*  violently  impell'd  in,.  , 
at  the  unftopp'd  orifice,  whether  the  neck  be  held  parallel^  or  per- 
pendicular to  the  horizon-;  or,  in  any  other  fituation,  in  relpedl  of  the 
center  of  the  earth.  And  the  like  will  happen,  if  the  colipile  be  im- 
ftopp'd  under  water. 

And,  I  latdy  met  with  the  relation  of  an  experiment^  which  a- 
btmdantly  makes  out  the  pov/er  of  the  ambient  atmofphere,   to  prefs 
bodies  againft  each  other,  when  it  cannot  get  between  their  intemat 
furfaces.    The  ingenious  author  of  the  Ma^kbmgit  experiment,  writes 
to  the  induftrious  Scbmus^  that  having  caus  d  two  copper  plates  to  be 
made,  almoft  in  the  form  of  fcales,  a  little  above  halt  an  ell  in  diame— 
ter,  and  exaAIy  fit  ;  if  when  laid  upon  one  another,  '*  the  air  be  drawn 
^  out^  they  are  kept  fo  comprefs  d,  and  unitedi  by  the  gravity  of  the* 
*^  external  air,  that  fix  ftrong  men  cannot  pull  them  afunder;  but  if,  a& 
^'  length,,  they  are  disjoined,  they  make  a  noife  equal  to  the  report  of 
**  a  mufquet ;  yet  as  foon  as  ever  there  is  the  leaft  entrance  given  to 
*'  the  air,  they  fall  afunder  of  their  own  accord.**    And,  if  a  glafs  vial» 
have  a  pipe  open  at  both  ends,  fo  fitted  to  it,   that  no  air  can  get  in 
or  out,  betwixt  the  neck  and  it  ;  and.  if  the  vial  be  fo  far  fiUM  with  wa- 
ter, that  the  lower-end.  of  the  pipe  be  well  immersed  therein  5  if  you  fuck 
at  the  upper-end  of  the  pipe,  the  water  will  afcend  to  a  great  height ; 
which  argues  its  being  rorc'd  upwards,  by  the  oblique  preflure  of  the 
air  in  the  vial :   for  *tis  only  m  the  pipe,  and  not  in  the  vial,  that 
there  is  any  air  in  the  fame  perpendicular  wdtlv  the  water  that  is  im-^ 
pcU'd. 

As  to  the  afcent  of  liquors  by  fuftion,   Mr.  Hobhs  fays,  "  whoever 
*•  fucks  water  into  his  mouth  by  a  pipe,  firft  fucks  up  the  air  between  ;. 

whereby  he  removes  the  external*  diftended  air,  which  can  have  no 

place,  but  by  removing  the  next ;   and  fo,  by  continual  puLfion,  the^ 

*•  water  is,  at  length,  driven  into  the  pipe,  and  fucceeds  the  air  which^ 

^*  is  fuck*d  out.'*    And  this  account  ot  the  phenomenon  is,  alfo,  given 

by  the  learned  Gaffendus^  and  other  atomifts  j  and  feems  generally  ac^ 

quiefc'din  by  the  modern  philofi>phers.     But, ,  though- 1  deny  not,  that 

many 
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p«EWMATicf.^any  phenomena  of  nature,  may  be,  probably,  explained  bytliJW)- 
pagation,  and  return  of  motion  ;  yet  there  are  fbme  others,   here  5tew, 
which  1  fee  not  how  the  Cartefians,  the  atomifts,  or  Mr.  Hobbs^  an  '^^ 
without  admitting  the  fpnng  of  the  air  ;  and  which,  perhaps,  may.by^t 
fpring  of  the  air,  be  explained,  without  recurring  to  fuch  a  propagarion,o  *l 
return  of  impulfe.     I  took  a  glafs  veflel,  con/ifting   of  two  pansjic  * 
one,  a  vial,  capable  of  containing  about  a  pound    of   water ;  and  tt 
other,  a  pipe,  open  at  both  ends  ;  the  lower  of  which  reached  within  two 
inches  of  the  bottom  of  the  vial :    this  pipe  was  faften'd  into  the  ocd 
of  the  vial,  with  melted  glafs,  of  a  good  thickncfs  ;  and  into  thcvcffel,by 
.  the  open  pipe,  I  ix)ur'd  water  enough,  to  fwim  a  pretty    way  above  the 
lower-eno  of  the  pipe ;  and  then  often  inclined  the   veflel  to  give  a  frei 
intercourfe  betwixt  the  air  within  the  vial,  and  that  without   it :  whence, 
if  the  external  air  were  comprelVd  by  the  afldifion  of  the  water,  it  mi^h: 
free  itfelf,  as  it  readily  did,  by  afcending  in  ^  bubbles   along  the  incli:cd 
pipe,  till  the  outward  and  inward  air  were  reduced   to    an  equality  of 
prelfure.  .  Now,  -if  all  fusion  were  produced  by  the  preflure  of  the 
air,  thruft  away  by  the  dilated  cheft  of  him  that  fucks,  and   fo  thniit- 
iug  the  fluid  into  the  pipe,  it  feems  evident,  in  our  cafe,   that  the  water 
would  not  afcend  by  iu£tioni  iinceby  the  contrivance  of  the  veffel,  the 
air  thruft  av  ay  by  him  that  fucks,  cannot,  at  all,  come  to  pre&  upon 
:  the  ^:ater.     Yet,  whether  the  pipe  were  inclined,  or  ereft,  the  water 
afcended,   upon  fu(^ion,  to  the  top  of  the  pipe,  and  ran  over  into  my 
mouth,  and  that  with  tolerable  cafe :  for  tho  the  fpring  of  the  air,  pent 
up  in  the  vial,  were  able,  upon  the  decreafe  of  the  preflure  of  the  oiif- 
ward  air^  occafion'd  by  my  fuckinn,  to  impel  the  water  ftrongly  into  ite 
pipe  ;  yet,  when  a  moderate  quantity  of  water  had  been  fb  impell'd,  the 
mcluded  air,  gaining,  thereby,  more  room  to  expand  its  fpring,  was  fo 
much  weaken  a,  that  the  water  afcended  far  lefs  eafily  than  in  ordinary 
fuftion.     And,  to  ftiew  that  the  afcent  of  the  water,  in  the  pipe,  did  not 
proceed  from  any  fuch  tendency,  in  the  water  itfelf,  to  afcend,  for  pre- 
vention of  a  vacuum  j  I  carefully  took  out  the  water,  by  degrees,  till  the 
lower-end  of  the  pipe  lay  but  very  little  under  the  funace  of  the  water; 
tho'  in  the  cavity  of  the  pipe,  the  water  was  confiderably  higher:  then 
fuffering  the  veflel  to  reft,   and  fucking  at  the  upper-end  of  the  pipe,  the 
water  was  impelled  up,  yet  without  reaching  near  the  top,  till  the  furface 
of  it  w^ts  fallen  a  litde  below  the  bottom  of  the  pipe.     But  then,  thou<^h  I 
continued  fucking,  no  more  water  afcended  into  the  pipe  ;  but  the  air  paf- 
(ing  thro*  it,  towards  my  mouth,  in  its  paflage  tofs'd  up   the  water  that 
was  already  in  the  pipe,  and  turn  d  it  into  bubbles,  which  broke  uith 
noife   one  after  another.      And  thus  the  afcending  air  long   kept  the 
water,  in  the  pipe,  from  falling  back  to  that  in  the  vial  ;  but,  whea 
I  removed  my  mouth,   the  fpring  of  the  air,  remaining  in   the  cavity 
-of  the  vial,  being  weaken  d  by  the  recefs  of  the  air,  I  had  fuck'd  our, 
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it  was  not  able  to  rellft  the  prefiiire  of  the  outward  air ;   and,  accor-  Pnowi  c* 
dingly,   the  water  in  the  pipe,  was^  not  only  deprefs'd  into  the  vial,  ^-^VX/ 
but  the  external  air  forc'd  its  way,  id  many  bubbles,  and  not  without 
fi>me  Doife,  through  the  water  contiguous  to  the  bottom  of  the  pipe, 
till  the  preflure  of^tbe  included  air,  and  that  of  the  atmofpbere,  were 
reduced  to  an  tquality.    *-•  ^'  , 
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Here  only  propofe  to  confider,  whetho:  Mr.  HoUs  has  cogently  prov'd 
his  afTertion,  that  there  is  no  fuch  tfaii^  as  a  vacuum  ;  and  whdkr 
he  has  rightly  explain'd  thofe  phenomena  of  nature,  which  he  under- 
takes to  folve ;  and  efpecially  thofe  product  by  means  of  our  engine. 
tsm-        And,  firft,  as  I  account  for  the  adhdion  of  two  flat  polifli'd  marbles,  by 
f«"rf  «^    the  preffure  of  the  air,  Mr.  HoHs  thinks  this  phenomenon  fo  fully  proves 
iaumcwfi  r  .  ^^^  pienitudc  of  the  world,  that  tho*  he  tells  us,  he  has  many  ftrong  ar- 
guments to  make  it  out,  yet  he  mentions  but  this  one,  as  abundantly  fuf- 
ncient ;   for,  fays  he,  fince  the  vacuifts  allow  interfpers'd  vacuities,  not 
only  in  the  air  that  furrounds  the  join'd  marbles,  but  in  the  reft  of  the 
ambient  air,  there  is  no  reafon  why  there  fhould  be  any  difficulty  in  fc- 
parating  the  marbles;  or,  at  leaft,  any  greater  diiSiculty  than   in  moving 
them  in  that  air,  after  their  feparation.     But  they  will  eafily  anfwer,  that, 
notwithftanding  the  vacuities  they  admit  in  the  ambient  air,  a  manifeft  rea- 
fon may  be  given,  on  their  hypothefis,  of  a   difficulty  in  the  diviilfion  of 
the  marbles :  for,  the  vacuities  they  acjmit,  being  but  interfpersVi,  and  ¥cry 
fmall  ;  and  the  corpufcles  of  tht  itAio'^here  being,  according  rb  them,  en- 
dow'd  with  gravity,  there  reft  fo  many  upon  the  upper  lurface  of  the 
marble,  that  this  ftone  cannot  be,  at  once,  perpendicularly  drawn  up  from 
the  lower,  contiguous  to  it,  without  a  force  able  to  furmount  the  weight  of 
the  aerial  corpufcles  that  prefs  upon  it.     And  this  weight  has  already  fo 
condensed  the  neighbouring  parts  of  the  ambient  air,  that  he,  who  would 

per- 
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ptrpendtcularly  raife  the  upper  marble  from  the  lower,  needs  a  conHde-  ^w^wt. 

rable  force  to  make  the  revolfion^  and  compel  the  contiguous  parts  oJF  the 

incumbent  air,  to  enter  the  pores,  or  intervals  intercepted  between  them. 

For,  the  force  of  him,  who  endeavours  to  raife  the  upper  marble,  whilft 

the  lower  furfoce  of  it  is  fenc'd  from  the  prefTure  of  the  atmofphere,  by 

the  tontadt  of  the  lower,  which  fufiers  no  air  to  come  in  between  them^ 

is  not  aflifted  by  the  weight,  or  preiTure  of  the  atmofphere ;  which,  when 

the  marbles  are  once  feparated,  preffing  as  ftrongly  againft  the  under  fur* 

£ace  of  the  upper  marble,  as  the  incumbent  atmofpherical  column  does 

againft  the  upper  fur£ice  of  the  fame  marble ;  the  hand  which  endeavours 

to  raife  it,  in  the  free  air>  has  no  other  refiftance^  than  that  fmall  one  of 

the  marble's  own  weight  to  furmounc 

And  as  for  the  reuon  which  Mn  BMs^  and,  as  he  thinks,  all  others 
give  of  the  difficulty  of  this  divuKion,  ^^  that  the  whole  fpace  between 
^  the  two  leparated  marbles,  cannot  be  inftantaneoufly  fiU'd  by  the  air, 
*'  let  the feparation  be  ever  fo  fudden  •*  the  plenifts  may  give  a  more 
plaufible  account  of  this  experiment,  than  he  has  here  done ;  and,  there- 
fore, abftraAing  from  the  two  oppofite  hypothefes,  I  may  fay,  that  the 
genuine  cauie  of  the  phenomenon  feems  to  be  that  which  I  have  already 
affignM ;  and  that  the  difficulty  of  raifing  the  upper  ftone,  attending  the 
air  s  not  being  able  to  come  in  all  at  once,  to  podefs  the  fpace  lefr  be* 
tween  the  fur&ces  of  the  two  marbles,  upoa  their  feparation,  proceeds 
from  hence ;  that,  till  this  fpace  he  fill'd  with  the  atmofpherical  air,  the 
haud>  which  wovdd  raife  the  vappu  marble,  cannot  be  frdly  affifted  by 
the  preflure  of  the  air,  againft  the  lower  forfiice  of  that  marble  :  for,  (ince 
I  declare  not  foor  the  hypothefis  of  the  plenifts,  as  'tis  maintained  by  Mr» 
Ihkbsj  I  am  not  bound  to  allow,  what  the  common  explanation,  adopted 
by  my  adverfary,  fuppofes,  that  either  nature  abhors  a  vacuum ;  or,  that 
there  could  be  no  aivuUioii  of  the  marbles,  unlefs  at  the  fame  time^ 
the  air  wore  admitted  into  the  fpace  that  divuUion  makes  for  it.  And  a 
vacuift  may  {ay,  provided  the  fbrength  employed,  to  draw  up  the  upper 
marble,  be  able  to  fintnount  the  weight  of  the  aerial  corpufcIes»  ac-* 
cumulated  upon  it  a  the  divulfion  would  enfue,  though  no  air,  or  other 
body,  fiK>uId  be  pernutted  to  fill  the  room  made  for  it,  by  the  divuUion  ; 
and  that  the  air  s  rufliing  into  this  fpace,  does  not,  neoeifiirily,  accomr 
pany>  but,  in  order  of  nature,  and  time,  folkrw,  upon  a  feparation  o£ 
the  marbles ;  the  air  that  furroundcd  their  contiguous  furfoces,  being, 
by  the  weight  of  the  collateral  air  above,  impelled  into  the  room  newly 
made  by  the  divulfion.  But,  having  purpofely,  in  our  pneumatic  receiver, 
accomnwdated  two  flat  aia^  polimd  marbles^  fo  that  the  lower  being 
iix'd,  the  Y^>per  might  be  laid  upon  h:,  and  drftwn  up  again,  as  there 
fhould  be  occafiou;  1  found,  that  a,  when  the  receiver  was  weU  exhaufted^ 
the  uf^r  marble  was,  by  a  ocrtain  contrivance,  laid  Bat  upon  the  lower, 
they  would  not  then  cohere,  as  before,  but,  with  great  eafe,  b^  feparated  ; 
tho'  it  did  noty  by  any  phenomenon,  appear,  that  any  air  o^ild  ruih 
in^  to  poffeCi  tl^  place  gtvea  it  by  ^  the.  receis  o£  the  upper  marble ;  whofe 

U  u  u  u  a  very 
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-pasMATiM-very  eafy  avulfkiD,  feeiu'd  owing  to  the  prciTure  of  i 

syf"*^  itig  in  the  receiver,  being  too  ftinti  to  make  any  i 

to  the  reparation  of  the  upper  marble  ;  whence  the 

had  very  little  more  to  overcome,  than  the  fingle  w< 

But  the  caufe  Mr.  Hobbs  affigns  for  this  phcnomea 
a  better  has  been  aflit^n'd  already.  For,  firft,  he  i 
lion  of  the  marbles,  a  force  great  enough  to  fam 
the  ftone.  But,  this  \%irath  dithtm  ;  and,  it  feems 
fmall  a  weight,  as  will  fufficc  to  feparate  two  cohe 
an  inch,  for  inftance,  in  diameter,  mould  be  able  t 
nefs  of  fuch  Iblid  ftones,  as  we  ufually  employ  in  tl 
liio*  it  be,  generally,  judg'd  more  eafy  to  break  a  t 
ble,  catfris  parilms^  than  a  much  narrower  ;  yet,  nai 
Mr.  Hoth,  ever  obferv'd  any  difference  in  the  refiffain 
ration,  arifmp  from  the  greater  or  lefs  thicknefs  t 
find,  by  conftant  experience,  that,  cMtris  parihus^ 
coherent  marbles,  exceedingly  incteaTes  the  difficult 

But  Mr.  Hobbs^  upon  the  iuppoficioQ  of  the  world' 
OUT  phenomenon,  by  drawing  sfunder  the  oppoliie 
wax  ;  a  very  improper  inftance,  furely  !  For,  the 
the  wax,  are  of  a  fcnt,  and  yielding  confiftence,  and, 
a  ductile  nature ;  and  not,  as  the  parts  of  the  cohen 
and  hard.  The  parts  of  the  wax,  alfo,  do  not  ftick 
a  fuperficial  contact  of  two  fmooth  planes,  as  do 
fpeaking  of;  but  have  their  parts  intangled  vrath  one 
fore,  they  are  far  from  a  difpolition  to  fUde  afun< 
Befides,  tis  manifeft,  that  the  air  has  opportunil 
places  Aicceinvely  deferted  by  the  receding  parts  d 
but  'tis  neither  manifelt,  nor  well  proved  by  Mr.  Hoi 
the.  ikme  manner,  fucceeds  between  riie  two  marbles 
noted,  are  not  forced  afunder,  after  fuch  a  man 
Ipeaks,  fevcr'd,  in  all  their  points,  at  the  fame  infla 

In  the  fecond  place,  a  better  folution  of  the  phen 
ready  given,  from  the  preflure  of  the  atmofphere,  U[ 
parts  of  the  upper  marble,  except  thofe  that  touch  t 
And  to  (hew,  that  when  two  coherent  marbles  are  f 
in  the  air,  the  caufe  why  they  are  not  to  be  forc'd  , 
two  or  three  inches  in  diameter,  without  the  help  of  i 
is  the  preffure  of  the  ambient  air  j  1  caus'd  two  fuc 
\x  fufpended  in  a  large  receiver,  with  a  weight  at  t 
help  to  keep  them  fteddy  ;  but  was  very  inconfidi 
their  cohefion  could  have  furmounted  :  then  caufing 
by  degrees,  out  of  the  receiver,  the  marbles  long 
becauie,  during  that  time,  the  air  could  not  be  fo  fi 
there  remain'd  enough  to  fuftain  the  fmall  weight,  wh 
divuUion.    Buc^  when  the  air  wa£  further  evacuated, 
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of  the  litde  expanded  air,  that  remained,  being  grown  too  weak  to  fuftainP''^^i««t 
the  lower  marble,  and  its  fmall  clog,  they  dropp'd  oflF.  And,  to  con- 
firm my  explanation  of  our  phenomenon,  I  Ihall  add,  that  as  this  trials 
which  I  had,  feveral  times,  occafion  to  repeat,  fliews  the  cohefion  oi  our 
two  contiguous  marbles,  would  ceaie,  upon  withdrawing  the  preffure  of 
the  atmofphere  ;  fo,  by  another  experiment,  it  appears,  that  fuch  a  pref- 
fure fufficed  to  caufe  that  cohefion  :  for,  having  found,  that  when  the 
receiver  was  well  exhaufted,  two  marbles,  tho'  confiderably  broad,  being 
laid  upon  one  another,  after  the  requiHte  manner,  their  adhefion  became 
fo  weak,  that  the  upper  would  be  eafily  drawn  up  from  the  other,  we 
laid  them  again  one  upon  the  other ;  and  then  letting  the  external  air  (low 
into  the  receiver,  we  found  that  the  marbles  now  adhered  fo  well  together, 
that  we  could  not  raife  the  upper  without  the  lower. 

But,  farther,  Mr.  Hobbs^  in  arguing  againft  our  engine,  unjuftly  fuppo- 
fes  the  whole  defign  of  it  to  be  the  proof  of  a  vacuum  ;  for,  or  againft 
which,  I  have  never  yet  declared.  * 

Befides,  he  feems  not  to  have  rightly  underftood,  or,  at  leaft,  not  to 
have  fufficiently  regarded,  in  what,  chiefly,  confifts  the  advantage  which 
the  vacuifts  may  make  of  the  air-pump,  againft  him.  In  feveral  places  he 
is  very  foUicitous  to  prove,  that  the  cavity  of  our  pneumatical  receiver,  is 
not,  altc^ether,  empty  ;  but,  the  vacuifts  may  tell  him,  that,  (ince  he  af- 
ferts  the  abfolute  plenitude  of  the  world,  he  muft  reje A,  not  only  great  va- 
cuities, but,  alfo,  thofe  very  fmall,  and  interfpers'd  ones,  which,  they  fuppofe^ 
are  intercepted  between  the  folid  corpufcles  of  other  bodies,  and  particu- 
larly 


*  The  noft  cautious,  and  referv*d  ohi- 
lofbpher,  need,  now,  make  do  fcrupfe  to 
aflert  a  vacuum.  Sir  Ifaac  Ntnion  has  fur- 
nifli'd  us  with  feveral  arguments,  which 
are  decifive  of  tins  point.  Thofe,  indeed, 
who  roake'the  eflcnce  of  matter  to  coDfift 
in  excenfioD,  may  well  deny  a  vacuum ; 
but  the  nature  of  gravity ,which  is  propor- 
tionable to  the  matter,  or  fblid  content 
of  bodies,  fully  demcnftratef,  much  the 
largeft  part  of  the  univerfe  to  be  empty 
fuace.  The  motions  of  the  comets,  alfo, 
demonfirate  a  vacuum  ;  for,  thcle  move 
in  all  manner  of  planes,  and  dire&ions, 
thro*  the  vaft  cekftul  fpaces,  without  any 
fenfible  rcfiftance.  The  vibrations  of  pen- 
dulums confirm  the  fame ;  for,  if  they  be 
made  to  move  in  a  fpace  free  from  air, 
they,  likewife,  meet  with  no  refiflance  ; 
and,  thcicfbrc,  there  is  no  fenfible  matter 
remaining  in  that  ipfce.  If  there  were 
so  vacuum,  a  projeaile  in  the  air,  or,  in  a 
fpace  deftitutc  of  air,  would  move  as 
flowly  as  in  quick-filver  ;  for,  the  rcfift- 


ance of  fluid'  mediums  is  nearlv  in  propor- 
tion to  their  denfitv :  and,  tis  a  great 
miftake,  to  think  tnat  the  refiftance  of 
projefiiles  will  decreale  in  infinitmm^  by  an 
infinite  divifion  of  the  parts  of  the  fluid  ; 
for,  *tis  plain,  that  refiftance  cannot  be 
confideranlv  leflen'd,  by  dividing  the  parts, 
of  the  fluia.  For,  why  fhould  not  the 
fame  quantity  of  matter  have  the  fiime 
power  of  renftance,  when  divided  into 
many  fubtile  parts,  as  when  divided  into 
a  few  that  are  larger  ?  A  fphere,  mo- 
ving in  a  comprels*d  fluid  at  rel^,  and 
of  the  fame  denfity  with  itfelf,  would 
lofe  half  its  motion,  before  it  had  gone 
twice  the  length  of  kt  diameter. 

In  another  place,  the  fame  great  philo* 

fopher  argues  thus*    **  The  refiftance  of 

**  water  arifes  principally,  and.  almofl; 

"  intircly,  from  the  Vis  wtrtin  of  its  mat* 

. "  ter ;  and,  by  confequence,  iitbe  hea- 

!  *'  vent  were  as  deofe  at  water,  they  would 

I  **  not  have  much  lefi  TefiSance  than  wa- 

**  ter  \  if  as  deofe  at  quick-filver,   they 

•*  would 
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Urly,  of  the  air  :   whence  it  would  not  confute  them  to  prove,  thtc/aoi: 
receiTcr,  when  moft  thoroughly  ezhaufted,  there  is  not  one  great  and  lik- 
lute  vacuity;  or,  as  they  fpcak,  a  vacuum  coacervoium ;  fince  fnudlcr,a34 
diflfeminated  vacuities  would  ferve  their  turn.    And,  therefore,  they  luj 
think  tlieir  pretenfions  highly  fiivourM,  as  by  fcveral  particular  cfeftsj  \ 
fo  by  this  general  phenomenon  of  our  engine,  that  the  common,  or  £-   * 
■mofpherical  air,   which,  before  the  pump  was  work'd,  poflefsM  the  whok 
cavity  of  our  receiver,  is,  by  the  contrivance  of  the  pump,   made,  m  i 
gieat  meafure,  topai)s  out  of  the  cavity  into  the  open  air,  without  beiDg 
able,  at  leaft,  for  a  while,  tojget  in  again  ;    yet  it  does  not  appear,  by 
any  thing  Mr.  HMs  has  alledg'd,  that  any  other  body  fucceeds,  aoeqaatdy 
to  fill  thefpaces  defertedby  fuch  a  multitude  of  aenalcorpufcles. 

And,  tho'  he  endeavours  to  prove  our  receiver  to  be  always  full  of  air ; 
yet,  that  the  common  air  caimot  enter  thro'  the  pores  of  glafs,  appeirs 
by  the  following  experiment.  We  took  a  bubble  of  thin  white  giais,  aboK 
the  bignefs  of  a  nutmeg,  with  a  very  flender  ftem,  four  or  five  inches  kng, 
and  of  the  thicknefs  of  a  crow's  quill ;  and  holding  the  end  of  dns  ftem 
in  the  flame  of  a  lamp,  blown  with  a  pair  of  bellows,  it  i^as  readily  fod'd 
up  i  and  prefently  the  fpherical  part  of  the  glafs  being  held  by  the  flan, 
was  kept  turning  in  the  flame,  till  it  became  red-hot,  and  ready  to  mek; 
tlien,  being  a  little  removed  from  the  heat,  as  the  included  air  began  to 
lofe  of  its  agitation,  and  fpring,  the  external  air  manifeftly,  and  confidcrt- 
bly  prefs'd  m  one  of  the  hdes  of  the  bubble.    But  the  glais  being  agaii^ 

H  fcrvcs  only  to  flop  the  vibrating  modoo 
<<  of  their  parts,  wherein  their  heat  i&d 
'*  aSivity  conGfts.  And,  as  it  is  of  no  uTci 
**  and  hinders  the  operations  of  natuxe, 
**  and  makes  her  lan^fh  ;  fo  rhere  is  ao 
<<  evidence  for  its  exiSencc,  and,  tbeit- 
**  fore,  it  ought  fo  be  rejcAed.** 

**  If  all  fpace,  was  equaHy    full,   the 
"  fpecific  gravity  of  the   fluid,  where- 
with the  region  of  the    air    is  fiird, 


**  would  not  have  niuch  lefs  rcfiftance 
'*  than  quick- filver;  if  abfolutely  denfe, 
**  or  full  of  matter,  without  axiy  vacuum, 
*^  let  the  matter  be  never  fo  fubtile  and 
*^  fluid,  they  would  have  a  greater  refift- 
**  ance  than  quick-lilver.  A  folid  globe, 
**  in  fuch  a  medium,  would  lofe  above 
*^  half  its  motion,  in  moving  three  times 
the  len£(h  of  its  diameter;  and,  a  globe, 
not  folid,  fuch  as  are  the  planets,  would 
be  retatded  iboncr.  And,  therefore, 
to  make  way  for  the  regular,  and  lad- 
ing motions  of  the  planets,  and  co- 
•*  mets,  'tis  necelTary  to  empty  the  hea- 
vens of  all  maner,  except,  perhaps, 
fomcvery  thin  vapours,fteams,or  effluvia, 
arifing  from  the  atmofphere  of  the  earth, 
planets,  and  comets.  A  denfe  fluid  can 
*^  be  of  no  ufe  for  explaining  the  pheno- 
**  mena  of  nature;  the  motions  of  the  pla- 
**  nets,  and  comets,  being  better  explain'd 
*'  witlKHit  it.  It  ferves  onlv  to  diAurb, 
*'  and  retard  the  motions  of  thole  great 
**  bodies,  and  make  the  frame  of  nature 
**  languilh  :  and,  in  the  pores  of  bodies,  it 
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air  IS 
would,  by  feafon  of  the  vaft  denftj 
of  its  matter,  be  as  heavy  in  fpcde, 
as  quicl-filver,  gold,  or  any  other 
**  the  moft  denfe  body  ;  whence  neither 
'^  gold,  nor  anv  other  matter,  would 
**  defcend  in  that  air  :  for,  no  bodies 
*'  defcend  in  fluids,  that  are  not  fpeci- 
"   fically  lighter  thsA  they." 

'Tis  farther  demooftrable,  that  aft  bo- 
dies have  more  pores,  than  folid  parts ; 
and,  that  feme  have  infinitely  more  pores 
than  others;  whence  arifes  another  proof 
of  a  vacuum.  See  N€Wiofu  Oftk*  p«  51O1 
511,  Eff.  Princ'tf.  p.  ji<S,  317.  318.  342, 
343.  368. 

before 
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before  the  cold  crack'd  it,  held,  as  before,  in  the  flame;  the  rarlfied  air  f »";?*^«^« 
diftended  and  plumpM  up  the  bubble  ;  which,  being  the  fecond  time  re-  ^-^▼^*' 
mov'd,  was  a  fecond  time  comprefs'd ;  and  being,  the  third  time,  brought 
back  to  the  flame,  fwell'd  as  before,  and  removed,  it  was  again  comprefs'd ; 
till,  at  length,  having  fatisfied  our&lves,  that  the  included  air  was  capa- 
ble of  being  condensM,  or  dilated,  without  the  ingrefs  or  egrefs  of  air, 
properly  fo  called,  we  held  the  bubble  io  long  in  the  flame,  ftrengthen'd 
by  nimble  blafts,  that  not  only  it  had  its  fid^s  plumped  up,  but  a  hole  vio- 
lentlv  broken  in  it,  by  the  over-rarified  air,  tho',  till  then,  it  was  no  way 
crackVL 

Hence,  it  eafily  appears,  how  impervious  our  thick  pneumatic  receivers 
are  to  common  air ;  iince  a  thin  glafs  bubble,  when  its  pores  were  open'd, 
or  relax'd  by  flame,  would  not  give  pafTage  to  the  fpringy  particles  of  the 
air,  tho'  violently  agitated :  for,  if  thefe  particles  could  have  got  out  of 
the  pores,  they  never  would  have  broke  the  bubble ;  nor,  probably,  would 
the  compreflion,  that  afterwards  enfued,  of  the  bubble,  by  the  ambient  air, 
be  checked  near  fo  foon,  if  thole  fpringy  corpufdes  had  not  remained 
within  to  make  refiftance. 

Yet,  what  I  principally  defign'd,  in  this  experiment,  was,  to  fl>ew,and^/J^^^^ 
prove  at  <Hice,  by  an  inftance  not  liable  to  the  ordinary  exceptions,  the  I^^i^Jmir 
true  nature  of  rarifadHon,  and  condenfation,  at  leaft,  otthe  air  :  for,  ^tis 
here  plain,  that  when  the  bubble,  after  the  glafs  had  been  firft  tlM'uft  in, 
towards  the  center,  was  expanded  again  by  heat,  the  included  air  pof- 
fefs'd  more  room  than  before ;  yet  it  could  perfectly  fill  no  more  room 
than  before  ,*  each  aerial  particle  taking  up,  both  before  and  after  the  heat- 
ing of  the  bubble,  a  portion  of  fpace  adequate  to  its  own  bulk  :  fo  that 
in  the  cavity  of  the  expanded  bubble,  we  muft  either  admit  vacuities  inter- 
^ers'd  between  the  corpulcles  of  the  air ;  or  allow,  that  fome  fine  panicles  of 
the  flame,  or  other  i&ibtiie  matter,  came  in,  to  fill  up  thofe  interflices  ;  which 
aoatter  muft  have  entered  the  cavity  of  the  glafs  at  its  pores.  And,  afterwards^ 
when  the  red-hot  bubble  was  removed  from  the  flame,  it  is  evident,  that  (ince 
the  grofifer  particles  of  the  air  could  not  get  thro'  the  glafs,  which  they  were  ^ 
unable  to  do,  even  when  vehemently  agitated  by  an  ambient  flame,  the  com- 
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rueezmg 
of  the  bubble,  whence  it  could  not  itfue  but  at  the  pores  of  the  glafs. 

Mr.  Hobk$  is  pleased  to  compane  our  pneumatic  engine  to  a  pot-gun,  ^^i»»^ 
and  attributes  the  phenomena,  exhibited  in  the  exhaufted  receiver,  to  tYi^pftutJa^iph 
eypajifive  endeavour  of  the  air  outwards  :  I  fliall,  therefore,  fhew,  that 
there  is,  in  our  exhaufted  receiver,  no  fuch  flrong  endeavour  outwards,  as 
hefupp^ies;  but  that  the  weight  of  the  atmofpherical  air,  when 'cis  net 
refifted  by  the  oounter-predure  of  any  internal  air,  is  able  to  perform 
what  a  weight  of  many  pounds  would  not  fuffice  for.  Glafs  not  being  a 
yielding  body,  cannot,  by  the  alteraron  of  its  figure,  from  an  external 

uaifom  pxeuure,  ibew  vrben  fuch  an  one  is  exeji;cis\i  upm  it ;  apd,  there* 
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P«»j;jj^«ct.fore,  inftead  of  a  receiver  of  glafs,  we  provided  one  of  pewter,  and  riM 
^^^^^^^  it  to  the  engine,  after  the  ufual  manner.     And  tho*  the  inverted  vdfc,^ 
Teafon  of  its  ftiffiiefs,  thicknefs,  and  the  convexity  of  its  fuperficies,  vc* 
ftrong  enough  to  have  fupported  a  great  weight,  without  changing  its  6- 
gure ;  yet,  as  foon  as  by  an  exfuAion  or  two,  the  remaining  part  of  the  j 
included  air  was  brought  to  fuch  a  degree  of  expanfion,  that  its  weakn'd  ' 
ipring  was  able  to  afford  little  affift^ce  to  the  tenacity  and  firmicb 
of  the  metal,  the  weight  of  the  jpillar  of  the  incumbent  atmofphere,  p^^ 
icntly  deprcfs'd  the  upper-part  01  the  veflTel ;  at  once  lellening  its  capidty, 
and  changing  its  figure ;  fo  that,  inftead  of  the  convex  furface,  it  gam'di 
concave  one.    The  experiment  fucceeded,  alfo,  with  a  common  pcwicr 
porringer.    And,  fometimes  I  found,  alfo,  that  the  veflel  would  be  dinft 
in,  not  at  the  top,  but  on  the  fide ;  if  that  were  the  only  part  nude  coo 
thin  to  refift  the  external  preflurc. 
Wbttbif  mh p^'     Mr.Hottsj  afterwards,  proceeds  to  tht  Torricellian 
jSH^im"^  he  will  needs  have  perform  d  bv  means  of  air  in  the 
TMriceUUa    to  prove,that  air  may  pais  thro  quick-filver,  becaufe  a 
cibly  detain  d  under  it,  will,  of  itfelf,  emei^,  when  t 
xemov'd. 

This,  I  confefs,  is  furprizing.  It  concerned  Mr.  HMs  to  prove,  that  is 
much  air  as  was  difplacM  by  the  defcending  mercury,  did,  at  the  orifice 
of  the  tube,  immersM  in  ftagnant  mercury,  invifibly  albend  to  the 
upper-part  of  the  pipe  ;  and,  he  tells  us,  that  a  bladder  ^ill  of  air, 
bemg  depreisM  in  auick-filver,  will,  when  the  hand  that  deprefs'd  it  is 
removM,  be  fqueez  d  up  by  the  very  weight  of  the  mercury  ;  whence  it 
follows,  that  air  may  penetrate  quick-filver.  But,  who  ever  deny*d  that 
air,  furroundcd  with  quick-filver,  may,  thereby,  be  iqueez'd  upwards  ? 
And,  fince  even  very  fmall  bubbles  of  air,  may  be  feen  to  move  in  their 

Eailage  thro'  mercury,  how  will  this  example  help  Mr.  Hobbs  ?  For,  *tis 
y  mere  accident  that  the  air,  included  in  the  bladder,  comes  to  be  buoy'i 
up,  becaufe  the  bladder  itfelf  is  fo  ;  and,  if  it  were  fiird  with  water, 
inftead  of  air;  or  with  ftone,  inftead  of  water ;  it  would,  neverthelcfi, 
emerge,  as  himfelf  confefles,  if  it  were  iron,  or  any  matter,  ex- 
cept gold ;  becaufe  all  other  bodies  are  lighter  in  fpecie,  than  quick- 
filver.  But,  fincc  the  emerfion  of  the  bladder  is  manifcA  enough  to 
the  fight,  how  docs  this  prove,  that  the  air  gets  into  the  TarriceWa 
tube  invilibly ;  fince  our  eyes  difcover  no  fuch  motion  K>f  the  air,  which 
muft  not  only  pafs  unfeen  thro'  the  fuftain'd  (^uick-filver,  but,  likewifc, 
imperceptibly  dive,  in  fpight  of  its  comparative  lightnefs,  beneath  the 
furface  of  the  ftagnant  mercury,  to  get  m  at  the  orifice  of  the  ere£lni 
tube. 

But,  to  clear  iip  this  matter,  having  made  the  Ttnricellian  experiment 
in  aftraittube,  after  the  ordinary  manner,  we  took  a  piece  of  fine  blad- 
der, and,  raifing  the  pipe  a  little  in  the  flamant  mercury,  but  not  £b  high 
as  the  furface  thereof,  we  dextroufly'convey  d  it  into  the  quick-filver,  fb  as 
to  be  apply 'd  by  the  finger  to  the  immersM  orifice  of  the  pipe^  without  let- 
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ring  the  air  get  into  the  cavity  of  it;  then  the  bladder  was,  cautioufly,  ty'd*»»'MATu 
very  tight  to  the  lower  end  of  the  pipe,  whofe  orifice  it  covered  before,  and  ^ 
the  pipe,  being  now  flowly  lifted  out  of  the  ftagnant  mercury,  the  fuftain'd 
quick-filver  appeared  to  prei&,  but  very  lightly  upon  the  bladder;  being  fo 
near  an  exaft  equilibrium  with  the  atmofpherical  air,  that  if  the  tube  were 
but  a  very  little  indin'd,  whereby  the  perpendicular  gravitation  of  the  quick- 
filver  came  to  be  Ibmewhat  leffen'd,  the  bladder  would  immediately  be  dri- 
ven into  the  orifice  of  the  tube,  and  to  the  eye^  placM  without,  appear  to 
have  acquirM  a  concave  fuperncies,  inftead  of  the  convex  it  l^d  oefore. 
And,  when  the  tube  was  a^in  ereAed,  the  bladder  would  no  longer  ap- 
pear fuck*d  in,  but  be  agam  fomewhat  protuberant.  ,  And,  if,  when  die 
mercury  in  the  tube  was  made  to  defcend,  a  little  below  its  ftation,  into  the 
ftaenant  quick-filver,  the  piece  of  bladder  were,  at  the  junfture,  nimbly 
and  dexteroufly  apply 'd,  as  before,  to  the  immers'd  orifice,  andfaften'd  to 
the  fides  of  die  pipe  ,•  upon  lifting  the  inftrument  out  of  the  ftagnant  mer- 
cury, the  cylinder  of  quick-filver  being  now  ibmewhat  fliort  of  its  due 
height,  was  no  longer  able,  fully  to  counterpoife  the  weight  of  the  atmo- 
fpherical air ;  which,  confequently,  tho'  the  glafs  were  held  ered,  would 
Erefs  up  the  bladder  into  the  orifice  of  the  tube,  and  caufe  a  cavity,  fenfibic 
oth  to  the  eye  and  touch. 

This  experiment  fully  Ihews,  that  the  prefTure  of  the  external  air  is  able 
to  fuftain  a  cylinder  ox  twenty-nine  or  thiny  inches  of  mercury,  and^  up- 
on a  fmall  diminution  of  the  cravity  of  that  ponderous  fluid,  to  prefs  it  up 
higher  into  the  tube.  But  a  farther  ufe  may  be  made  of  it  againft  Mr.  Hobbs. 
For,  when  the  tube  is  again  eredled,  the  mercury  will  fubfide  as  low  as  at 
firft,  and  leave  as  great  a  fpace,  as  formerly  was  left  deferted  at  the  top ; 
into  which,  how  the  air  (hould  get  to  fill  it,  will  not  appear  eafy  to  them, 
who  know,  that  a  bladder  will  rather  be  burft  by  air,  tlutn  a6brd  it  oaf- 
fage.  And  if  it  fhould  be  pretended,  either,  that  fome  air  from  without 
had  got  thro*  the  bladder,  or,  that  the  air  prefumM  to  have  been,  juft  be- 
fore, included  between  the  bladder  and  the  mercury,  made  its  way  from  the 
lower  part  of  the  inftrument  to  the  upper ;  we  reply,  'tis  no  way  likely, 
that  it  (hould  pafs  all  alon^  the  cylinder,  unperceiv  a  by  us ;  fince  when  there 
are  really  any  aerial  bubbles,  tho'  fmaller  than  pins  heads,  they  are  eafily 
difcemible.  And,  in  our  cafe,  there  is  no  fuch  refiftance  of  the  air  to  the 
afcent  of  the  ftagnant  mercury,  as  Mr.  Hobbs  pretends  in  the  TorricelliaH 
experiment,  made  after  the  ufual  way. 

But  further,  we  took  a  cylindrical  pipe  of  glafs  dofed  at  the  upper  end, 
and  fo  Ion jK,  that  being  dexteroufly  bent  at  fome  inches  diftance  from  the  bot- 
tom, the  morter  1^  was  made  parallel  to  the  longer.  In  this  glafs,  we  found 
an  expedient  to  make  the  Torricellian  experiment ;  the  quick-filver  in  the  fliorter 
leg  ferving  inftead  of  the  ftagnant  portion  in  the  ufual  barofcope ;  and  that 
in  the  longer  1^,  reaching  above  the  mercury  in  the  (horter  aoout  eight  or 
nine  and  twenty  inches.  Then,  by  another  artifice,  the  ihoner  1^,  into 
which  the  mercury  did  not  rife  within  an  inch  of  the  top,  was  fb  ordered, 
that  it  could  in  a  trice  be  hermetically  feal'd  up ;  an  inch  of  common  air  be* 
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»i(..'„i(i  left  ill  it,  wiilioiit  difordering  the  mercury:  and  having,  in  this  manner, 
^^  (hut  up  I'ucli  a  quantity  of  uncomprefs'd  air,  we  warily  held  a  pair  of 
heated  tonf^s  near  the  outfide  of  the  glafs,  whereby,  the  air  being  agitated, 
was  enabled  to  expand  itfelf  to  doilble  its  former  dimenfions ;  and,  confe- 
qucntly  had  its  Ipring  lb  ftrengthcnM,  that  it  was  able  to  raife  al!  the  quick- 
lilver  in  the  longer  leg,  and  fuftain  a  mercurial  cylinder  above  nine  and 
twenty  inches  high  ;  whcn.were  it  not  for  the  heat,  it  would  have  loft  half  the 
force  of  its  clallicity. 

Now  Mr.  Holibs  will  find  it  very  difficult  to  fhew,  what  keeps  the  mer- 
cury fufpended  in  the  longer  leg  of  fuch  a  barometer,  when  the  fhorter  leg 
is  unftop'd,  at  which  it  may  runout;    fince  this  inftrument  is  portable. 
And  when  the  (honer  leg  is  feal'd,  it  will  be  very  hard  for  Mr.  Htbbf  to 
(hew  there  the  odd  motions  of  the  air,  to  which  lieaicribes  the  TorriteUim 
experiment.     For  if  you  warily  incline  the  inftrument,  the  quick-filver  will 
rife  to  the  top  of  the  longer  leg,  and  immediately  fublide,  when  the  inftru- 
ment is  again  crefted  ;  and  yet  no  air  appears  to  nafs  thro*  the  quick-filver 
iiitcrpos'd  between  the  ends  of  the  longer,  and  the  (horter  leg.     But  thar, 
which  I  would  chiefly  take  notice  of  in  this  experiment,  is,  that  upon  the 
external  application  of  a  hot  body  to  the  (horter  leg,  when  feal'd  up,  the  in- 
cluded air  was  expanded  from  one  inch  to  two ;  and  fo  rais  d  the  whole  cy- 
linder of  mercuiy  in  the  longer  leg  ;  and  whilft  the  heat  contlnu'd  undimi- 
rifh'd,  kept  it  from  fubfiding  again.  For  if  the  air  were  able  to  get,  unleen, 
thro'  the  body  of  the  quick-lilver,  why  had  it  not  been  much  more  abl^ 
when  rarify'd  by  heat,  to  pafs  thro'  the  quickfilver,  than  for  want  of  do- 
ing ib,  to  raife  and  fuftain  fo  great  a  weight  of  mercury  ? 
■M  mttr         The  laft  thing  attempted  by  Mr.  HMs,  in  his  problems,  is  to  account  for 
•"  '•  "/""Jthe  rife  of  water  into  a  via!  plung'd  therein,wich  the  mouth  downwards,  a£- 
^i/'ftf(Va^ter  l(.-mc  air  has  been  fuck'd  one  of  it:  where  he  demands,  upon  fuppo- 
j«iu,«(.     fix\g  z  I'^^cuum,  and,  confequently,  interfpers'd  vacuities  in  the  air  of  the 
vial,  "  how  ithappens,  that  the  water  would  not  afcend  before  the  fuAion 
was  made  i  "    1o  this  the  vacuifts  will  eafily  anfwer,  by  acknowledging, 
that  there  were,  indeed,  interfpcrs'd  vacuities  in  the  air  contain'd  in  the  vial, 
before  the  fuftion  ;  but  adding   that  there  was  no  reafon  why  the  water 
fliouid  afccnd  to  fill  them,  becaufe,  being  a  heavy  body,  it  cannot  rife  of  itfelf, 
but  muft  be  raib'd  byfome  prevalent  weight  or  prefTure,  which  was  then 
wanting.     Beiides,    rhere   being  intcrfpers'd  vacuities,    as  well    in    the 
reft  of  the    air  that  was  very  near  the  water,  as  inthatcont*n*d  in  the 
vial,  there  is  no  reafon  why   the  water  ftiould  afcend  to  fill  the  vacu- 
ities of  one  portion  of  air,  rather  than  that  of  another.     But,  when  once, 
by  fiiftion,  many  of  the  aerial  corpufcles  weremade  to  pafs  out  of  the  vial, 
the  fpring  of  the  remaining  air  being  weaken'd,  whilft  the  prefiure  of  the 
ambient  air,  which  depends  upon   its  conftant  gravity  is  undiminifli'd,  the 
fpring  of  the  intcrnalbecomes  unable  to  refift  the  weight  of  the  external  air ; 
which  IS  therefore  nble  to  impel  the  iiiterpos'd  water,  with  fome  violence,  in- 
to the  cavity  of  the  glafs,  till  the  air,  remaining  in  that  cavity,  being  re- 
duced, almoft,  to  its  ufualdenfity,  is  able,  by  its  fpring,  and  the  weight  of 
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rfie  water  got  up  into  the  vial,  to  hinder  any  more  from  afcending.  For,  as  f  *2SJSJ^'*^; 
to  what  ^u:.  JHhbts  affirms,  that  *^  the  perfon,  who  fucks  the  vial,  draws 
*'  nothing  into  his  ftomach,  lungs  or  mouth;"  how  he  will  reconcile  this 
w  ith  what  he  elfewhere  delivers  about  fuflion,  I  leave  him  to  confider.  I 
cannot,  however,  but  wonder  at  his  confidence,  who  can  pofitively  atfert  a 
thing  fo  repugnant  to  the  common  fentiments  of  men  of  all  opinions,  with- 
out offering  any  proof  for  it.  But,  I  fuppofe,  they  who  are,  by  trial,  ac- 
quainted withfuction,  and  have  felt  the  air  come  in  at  their  mouth,  will  pre- 
er  their  own  experience  to  his  authority.  And  as  to  what  he  adds,  that 
the  perfon  who  fucks,  agitates  the  air,  and  turns  it  within  the  vial  into  a  kind 
of  circulating  wind,  that  endeavours  every  where  to  get  out ;  I  wi(h  he  had 
fhewn  us,  by  what  means  a  man  in  flicking  makes  this  odd  commotion  in 
the  air,  efpeciaUy,  in  fuch  vials  as  I  employ  about  this  experiment,  the  ori- 
fice whereof  is  fometimes  lefs  than  a  pin's  head. 

But  that  real  air  may  be  extrafteo,  by  fudtion,  out  of  a  glafs,  appears 
by  an  experiment  made  with  a  receiver  eidiaufted  by  our  pump ;  and,  confe- 
quently  py  fuftion.  For,  when  we  had  counterpoised  it  in  very  nice  fcales, 
and,  afterwards,  by  turning  a  ftop-cock,  let  in  the  outward  air,  there  rufh'd 
in  as  much  to  fill  the  (pace  deferted  by  the  evacuated  air,  as  weigh'd  fbme 
fcruples,  tho*  the  receiver  were  not  or  the  largefl  fiate. 

Mr.  Hobbs  pretends,  that  as  foon  as  the  ne^  of  the  vial  is  unfbopp'd  un- 
der water,  the  air  that  whirled  about  before,  makes  a  fally  out,  and  forces 
in  as  much  water.  But  if  the  orifice  be  any  thing  large,  you,  will,  inflead 
of  feeling  an  endeavour  to  thrufl  away  your  finger  that  ftop'd  it,  find  the 

Eulp  of  it,  fo  thruft  inward,  as  to  appear  to  be  fuck'd  in.  And  this  may 
e  the  reafon  why  the  lip  of  him  who  fucks,  is  often  flrongly  faflen'd  to  the 
orifice  of  the  vial's  neck ;  which  Mr.  Hotls  afcribes  to  a  moft  exquifite 
ix>nta£t,  but  without  clearly  telling  us  how  that  extraordinary  contaffc  is 
efleAed.  And,  when  your  finger  is  removM,  inflead  of  perceiving  anv 
air  go  out  of  the  vial  thro'  the  water ;  which»  if  any  fuch  thing  happenM, 
would  eafily  be  difcover'd  by  the  bubbles;  you  fhall  fee  the  water  briskly 
fpiing  up  in  a  flender  ftream  to  the  top  of  the  vial ;  which  it  could  not  do, 
if  the  cavity  were  already  full  of  air.  And,  to  prove,  whe'n  the  air  re- 
ally paffes  in  and  out  of  the  vial  immersed  under  water,  that  *tis  very  eafy  to 
percdve  its  motions;  if  you  dip  the  neck  of  the  vial  in  water,  and  then 
apply  to  the  globular  part  of  it,  either  your  warm  hands,  or  any  other 
competent  heat ;  the  internal  air  being  rarify*d,  a  portion  of  it,  anfwerable 
to  the  degree  of  heat  apply'd,  will  manifeftly  pafs  thro'  the  water  in  fuc- 
ceffive  bubbles,  whilft  vet  no  water  gets  into  the  vial  to  fill  the  place  de- 
ferted by  that  air.  And,  tf,  when  you  have  fill'd  the  neck,  and  part  of 
the  belly  of  the  vial  with  water,  you  immerfe  the  orifice  into  fome  that  is 
ftagnant,  and  apply  your  warm  lumds  to  the  fpherical  part  as  before;  the 
water  in  the  vial  will  be  driven  out,  before  any  bubbles  pafs  out  of  the 
vial  into  the  furrounding  water;  which  fhews,  that  the  air  is  not  fo  forward 
to  dive  under  water,  as  Mr.  HoUs  fuppofes. 
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vuLTio:     But  to  clear  cp  this  matter  ftill  farther,  we  took  a  glafs  bobble  with  a 

"^^"^^  (lender  cylindrical  ftcm,  and  by  applying  a  convenient  heat  to  the  outfidc  of 

the  ball,  we  cxpcli'd  Co  much  ot  the  air,  that,  when  the  end  of  the  fHpe  was 

dipt  in  water,  and  the  inward  air  had  time  to  recover  its  former  cooJneft, 

the  water  afccnded  to  the  top  of  the  pipe.  Tiiis  done,  we  gently,  and  warily 

rarify'd  the  air  in  tiie  cavity  of  the  bubble,  till,  by  its  expanfion,  it  haa 

driven  out,  almoft  all  the  water,  which  had  got  up  into  the  ftem ;  fo  that 

itmight  attain,  as  near  as  poflible,  to  that  dep-ee  of  heat  and  mcafure  of 

expanfion,  it  had,  when  the  water  began  to  rife  in  it.     And,  we  left  two 

or  three  drops  of  water,  unexpell'd,  at  the  bottom  of  the  pipe ;  to  be 

fure,  that  none  of  the  included  air  was,  by  this  fecond  rarifaftion,  driven 

out  at  tlie  orifice  of  it :  as  the  depreffion  of  the  water  fo  low  aflured  us, 

)  on  the  other  lide,    that  the  included  air  wanted  nothing  conlidci-able  of 

f  the  expanfion  it  had  when  the  water  began  to  afcend  into  the  pipe.     Whilft 

I  die  air  was  in  this  rarify'd  ftate,  we  prefently  removed  the  little  inftru- 

nient,  out  of  the  ftagnant  water,  into  ftagnant  quick-filver,  which,    in  a 

ihort  time,  began  to  rife  in  the  pipe.     Now,  if  the  afcent  of  the  liquor 

were  the  elXcct  of  natiu-e's  abhorrence  of  a  I^acuum,  or  of  fome  internal 

principle  of  motion,  or  of  the  compreffion  or  propagated  trufion  of  the 

^  outward  air,  by  that  which  had  been  expell'd ;  why  (hould  not  the  mercury 

have  afcended  to  the  top  of  the  pipe,  as  the  water  did  before  ?  But  in  faft, 

it  did  not  afcend  near  half  fo  far ;  and  if  the  pipe  had  been  long  enough, 

as  well  as  'twas  flender  enough,  I  queftion,  whether  the  mercury-  would 

have  afcended,  in  proportion  to  the  length  of  the  ftena,  half  fo  high  as  it 

did. 

Now,  of  this  experiment,  which  we  try'd  more  than  once,  I  fee  not 
how  any  good  account  can  be  given  without  our  hypothefis,  according  to 
which  tis  clear  j  for  the  afcent  of  liquors,  being  an  effeft  of  the  prevalen- 
cy  of  the  external  air's  preflure  againft  the  refiftance  it  meets  with  ra  the 
cavity  of  the  inftrument,  and  the  quick-fiiver  being  bulk  for  bulk  many 
times  heavier  than  water ;  the  fame  fiirpius  of  preflure  that  was  able  to 
impel  Up  water  to  the  top  of  the  pipe,  ought  not  to  be  able  to  impel  up  the 
quick-lilver  to  any  thing  near  that  height-  And  if  it  be  here  objefted, 
as  it  very  plaufibly  may,  that  the  rais  d  cylinder  of  mercury  was  much 
longer  than  it  ought  to  have  been,  with  regard  to  a  cyhnder  of  water, 
the  proportion  in  gravity  between  thofe  two  fluids  being  confider'd  j  I  anfwer, 
that  when  the  cylinder  of  water  reach'd  to  the  pipe,  the  air  poflefled  no 
more  than  the  cavity  of  the  fpherical  part  of  the  inftrument  j  being  very  little 
alTiftcd  to  dilate  itlelf  by  fo  light  a  cylinder  as  that  of  water  :  but  when 
the  (iLiick-lilver  came  to  be  impcll'd  into  the  inftrument ;  by  the  weight  of 
the  external  air;  that  ponderous  body  did  not  ftop  its  afcent,  as  foon  as  it 
came  to  be  equiponderant  to  the  expell'd  cylinder  of  water;  becauie  to 
attain  that  height  it  reach'd  but  a  little  way  into  the  pipe,  and  left  all 
the  reft  of  the  cavity  to  be  iill'd  with  pare  of  that  air,  which  former- 
ly was  all  ihut  up  in  tlie  bubble;  by  which  means,  the  air  inchided  in 
the  whole    inftrument  muft   needs  be  in  a    ftate  of  expanfion,    and, 

therd)y 
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thereby  have  its  fpring  vcaken'd,  and,  conlequently,.  difabled  tore/iftPvsvMAriot 
the  preffure  of  the  external  air,  as  much  as  the  fame  included  air  did 
before,  when  it  was  lefs  rarify'd :  on  which  acccount,  the  undiminiih'd 
weight  or  prefTure  of  the  external  air  was  able  to  raife  the  quick-filver 
gradually  higher,  till  it  had  obtained  that  height,  at  which  the  prefTure, 
compounded  of  the  weight  of  the  mercurial  cylinder,  and  the  ipring  of 
the  internal  air,  now  leis  rarifyM  than  before,  was  equivalent  to  the  pref- 
fure  of  the  atmofphcre. 

And,  to  confirm  this  experiment,  bv  a  kind  of  inverfion  of  it,  we, 
by  heat,  drove  a  little  air  out  of  the  bubble,  and  dipt  the  open  end  of 
the  pipe  into  quick-filver,  which,  by  this  means,  aicended,  till  it  had 
fiU'd  about  a  fourth  part  of  the  pipe  when  held  ereft.  Then,  carefully, 
removing  it,  without  letting  fall  any  quick-fiJver,  or  letting  in  any  air, 
we  held  the  orifice  of  the  pipe  a  little  under  the  furface  ot  a  glafs  full  of 
water ;  and  applying  a  moderate  heat  to  the  outfide  of  the  ball,  we  wa- 
rily expeird  the  quick-filver,  yet  leaving  a  little,  to  be  fure,  that  no 
air  was  driven  out  with  it ;  then  fuffering  the  included  air  to  cool,  the  ex- 
ternal made  the  water,  not  only  afcendto  the  very  top  of  the  pipe,  and 
thence  fpread  itfelf  a  little  into  the  cavity  of  the  ball,  but  carry 'd  up 
before  it,  the  quick-filver  that  had  remained  unexpell*d  at  the  bottom 
oi[  the  ftem.  And,  if,  in  making  the  experiment,  we  firft  raised,  as 
we  fometimes  did,  a  greater  quantity  of  quick-filver^  and  afterwards 
drove  it  out ;  the  quantity  of  water  that  would  be  impellM  into  the  ca- 
vity of  the  pipe,  and  ball,  was  accordingly  increasM* 

In  this  experiment,  *tis  manifeft,  that  fbmething  is  driven  out  of  the 
cavity  of  the  glafs,  before  the  water  or  quick-filver  begins  to  afcend  m  it.  And 
here,  alfb,  we  fee  not,  that  the  air  can  pafs  thro'  the  pores  of  quick-filver  or 
water,  but  that  it  drives  them  on  before  it,,  without  eafily  mixing  with 
them.  And  there  appears  no  circular  wind,  asMr.  iiTo^^x  iancies  in  the 
fuck'd  vial,  nor  any  tendency  outwards  of  the  included  air,  iipon  the 
account  of  fuch  a  wind  :  but  that  inftead  of  thefe,  the  afcent  or  the  li- 
quors into  the  cavity  of  the  pipe,  depends  upon  the  external  air  preifing 
them  up,  appears  n'om  hence,  that  the  fame  weight  of  the  atmofphere,, 
impelled  into  the  pipe  fo  much  more  of  the  lighter  fluids  water,  than  of 
the  heavier,  mercury. 

And  that  there  is  no  need  of  the  {allying  of  air  out  of  a  vial  to  make 
the  atmofpherical  air  prefs  againft  a  body  that  clofes  the  orifice  of  it,^ 
when  the  preflure  of  the  internal  air  is  much  weakenM,  I  have  fliewn,  by 
fucking  out,  by  the  help  of  an  inftrument,  a  confiderable  portion  of 
the  air  contained  in  a  glafs :  for,  having  then,  inftead  of  unftopping  the 
orifice  under  water,  fuddenly  apply'd  a  flat  body  to  it,  the  external  air 
prefs'd  that  body  fo  forcibly  agamft  it,  as  to  keep  it  faften'd  and  fufpended, 
tho'  'twere  clogg'd  with  a  weight  of  many  ounces.  Or  if  there  be  fuch  a 
circular  wind,  as  Mr.  Hohhs  pretends,  produced  by  fusion,  in  the  cavity  of 
the  vial,  it  muft  needs  be  ftrangely  lafting.  For  I  have  feen  more  than  once,that 
when,  by  an  inftrumcnt^  much  air  has  been  fucked  out  of  a  vial,  which  was  af-- 

tenrards 
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•*?"=•■  tcrWftrds  carefully  clofed,  and  thus  kept  tor  fomc  months;  yet,  when 'twas 
^f^^  opcn'd  under  water,  a  convenient  quantity  of  the  liquor  would  be  briskly 
impel'd  up  into  the  neck  and  belly  of  the  vial. 

And,  having  with  the  fun-beams  produced  fraoke  in  one  of  thofe  well- 
ftop'd  vials ;  this  circular  wind  did  rot  at  all  appear  to  blow  it  about,  but 
ruffpr'd  it  to  rile,  as  it  would  have  done,  if  the  included  air  had  been  very 
calm. 

I  {hall  add  but  one  experiment  more,  which  will  not  be  liable  to  fome 
of  the  objeftions,  invalid  as  they  are,  that  Mr.  Hobbs  has  alledg'd  in  his 
account  of  the  fuck'd  vial ;  and  which  will  (hew,  that  the  weight  of  the 
atmofpherc  is  a  very  conlidcrabJe  thing;  and  alio,  that  whilft  Mr. //oW; 
does  not  admit  a  more  fubtile  matter  than  common  air  to  pafs  thro'  the  pores 
of  cjofe  and  folid  bodies  ;  the  air  he  has  recourfe  to,  will  fometimes 
come  too  late  to  prevent  a  Vacuum.  Having  caus'd  an  arolipile  very  hghc, 
confidering  its  bulk,  to  be  made  by  a  famous  artift,  I  had  occafion  to  put 
it  fo  often  into  the  fire,  for  feveral  trials,  that  the  copper  fcal'd  oft'  by 
degrees,  and  left  the  veflel  much  thinner  than  when  it  hrft  came  out  oi 
the  artificer  s  hands ;  and  now,  after  a  long  interval,  I  had  occafion  to  employ 
it,  as  formerly,  to  weigh  the  air  it  would  contain.  To  make  this  ex- 
periment the  more  exaflly,  the  air  was,  by  a  ftrong  fire,  carefully  driven 
away  ;  when  clapping  a  piece  of  fealing-wax  to  the  pin-hole,  at  which  if 
had  been  forc'd  out,  we  prevented  a  communication  betwixt  the  cavity  of 
the  inftrument,  and  the  external  air ;  and  fuppofing  the  solipile  to  be  very 
well  exhaufted,  we  laid  it  by,  that  when  it  (houJd  be  grown  cold,  we 
might,  by  opening  the  orifice  again,  let  in  the  outward  air,  and  obferve 
what  increaie  of  weight  it  would  make.  Butthc  inftrument  had  been  fo 
"far  exhaufted,  that  what  air  remain'd,  being  unable  by  its  fpring  to  affift 
the  Tolipiic  to  fupport  the  weight  of  the  furrounding  air ;  this  external 
fluid  did,  by  its  weight,  fo  Ilrongly  comprels  it,  and  thruft  it  fo  cwiiide- 
rably  inwards,  and,  in  more  than  one  place,  fo  change  its  figure,  that 
when  I  ftiew'd  it  to  the  Gentlemen  affembled  at  Gr^atn  College,  they 
were  pleas'dto  commanditof  me,  to  be  kept  in  their  repofitory. 
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SUCTION  bring,  generally,  lookM  upon  as  a  kind  of  attraftionj  it^  ^f^»i  9f 
will  be  requifite  to  premife  fomething  about  the  latter,  in  order  to   ^'*  **** 
clear  the  nature  of  tlie  former.     The  caufe,  nature,  and  notion  c£ 
attraction,  are,  generally,  either  left  untouchM,  or  happen  to  be  but  very 
obfcurdy  delivcr'd. 

How  general  and  antient  fbeven  the  common  opinion  may  be,  that  attrac- 
tion is  a  kind  of  motion  quite  diferent  from  puluon,  Iconfefs,  itfeemsto 
me,  a  fbecies  of  puUion ;  at  leaft,  amono;  inanimate  bodies.  I  have  not,  yet,. 
objferv*a  any  thing  which  ihews  attraction  cannot  be  reduced  to  pulfion  : 
for  they  feem  but  extrinfical  denominations  of  the  fame  local  motion,  in 
which,  if  a  moved  body  precede  the  movent,  or  tend  to  get  at  a  greater 
diftance  from  it,  we  call  it  pulfion  ;  and  if,  upon  account  of  the  motion, 
theiame  body  follow  the  movent,  or  approach  to  it,  attradlion.  But  this 
difference  may  confift  only  in  an  accidental  refpeA ;  which  does  not  phyfi* 
cally  alter  the  nature  of  the  motion,  but  is  founded  upon  the  refpeC):  which: 
the  line,  wherein  the  motion  is  made,  happens  to  have  to  the  fituation  of  the 
movent.  And,  that  which  feems  to  have  been  the  chief  caufe  of  miftaking 
attraction,  for  a  motion  oppofite  to  pulfion,  is,  that  men  look  upon  both  the 
moving,  and  moved  bodies,  in  a  popular  and  fuperficial  manner;  and  con- 
iider  in  the  movent,  rather  the  fituation  of  the  confpicuous,  and  more 
bulky  part  of  the  agent,  than  the  fituation  of  that  pan  of  it,  which  imme- 
diately impreffes  the  motion  upon  the  mobile. 

Who- 
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Whoever  attentively  regards  this,  may  eafily  obferve,  that  fome  p«Tt  of 
the  body,  or  of  the  inftrumenr,  wliich,  by  reafon  of  their  conjunfiioa,  in 
this  operation,  is  to  be  look'd  on  as  but  making  one  with  it,  is  really  plac'd 
behind  fome  part  of  rhe  body  to  be  drawn ;  ana  therefore  cannot  more  on- 
wards itfelf,  wichoiu  thrufting  the  body  forward.  Thus,  when  a  man 
draws  a  chain  after  him,  tho'  his  body  precede  the  chain,  yet  his  finger,  or 
fome  orher  part  of  the  hand,  wherewith  he  draws  ic,  has  fome  part,  or 
other,  which  reaches  behind  the  fore-part  of  the  firft  link :  and  the  hinder- 

f)art  of  this  hnk  comes  behind  the  iirft  part  of  the  fecond  link  ;  and  fb  each 
ink  has  one  of  its  parts  placed  behmd  fome  part  of  the  next  link  after  it, 
rill  you  come  to  the  laft  link  of  all.  And  fo  as  the  finger,  that  is  in  the 
firft  link,  cannot  move  forwards,  but  it  muft  thruft  on  tlmt  Unk,  by  this 
feries  of  trufions,  the  whole  chain  is  thruft  forwards :  and,  if  any  other 
body  be  drawn  by  that  chain,  you  may  perceive  fome  part  of  the  laft  link 
comes  behind  fome  part  of  that  body,  or  of  fome  intervening  body,  which, 
byitscohefion  with  it,  ought,  in  our  prefentcafe,  to  be  coiifiderd  as  part 
of  it.  And  thus  attraftion  feems  to  be  but  a  fpecies  of  pullion  ;  and  ufu- 
ally  belongs  to  that  kind  of  it,  which,  for  diftinftion  fake,  is  called  trufioa  ; 
whereby  we  underftand  that  kind  of  pulfion,  wherein  the  movent  goes  a- 
long  with  the  moved  body,  without  quitting  it,  whilft  the  pn^els  lafts; 
as  happens  in  propelling  a  wheel-barrow,  without  letting  go  the  hold 
of  it. 

But,  it  may  be  faid,  there  are  atrradtions  where  it  cannot  be  pre- 
tended that  any  part  of  the  attrahent  comes  behind  the  atcrafted  bodyj 
as  in  magnetical,  and  eledlrical  attractions ;  and  in  that  which  is 
made  of  water,  when  drawn  up  into  fprings,  and  pumps.  Now,  the 
Cartefiaits,  and  other  modern  philofophers,  have  recourfe,  either  to 
icrcw'd  particles,  and  other  magnetical  emiffions,  to  folve  phenomena  of 
this  kind ;  and,  according  to  fuch  hypothefes,  we  may  fay,  that  many  of 
thefe  magnetical,  and  cleftrical  effluvia,  come  behind  fome  parts  of  the 
attraftctf  bodies ;  or,  at  leaft,  of  the  little  folid  particles,  that  are,  as  it 
were,  the  walls  of  their  porcsj  or  procure  fome  difcuffion  of  the  air,  that 
may  make  it  thruft  the  moveable  towards  the  load-ftone,  amber,  &c. 
But,  if  there  were  none  of  thele,  nor  any  other  fubtilc  agents,  to  caufe 
this  motion,  by  a  real,  though  unperceiv'd  pulfion,  I  (hould  make  a  diftm- 
ftion  betwixt  other  attraftions,  and  thefe  which  I  (hould  then  call  attra- 
Aions  by  invifibles.  However,  in  raifmg  water  into  the  barrel  of  a  fy- 
ringe,  there  is  no  true  attraiftion  made  of  the  liquor.  For,  by  theafcend- 
ing  rammer,  as  a  part  of  which,  I  here  confider  the  obtufe  end,  plug,  or 
fucker,  there  is  no  attra6bon  made  of  the  contiguous  and  fubjacent  water, 
i>ut  only  room  made  for  it  to  rife  into,  without  being  expos 'd  to  the 
preffure  of  the  fuperior  air.  For,  if  we  fuppofe  the  whole  rammer  to 
be  annihilated,  and,  confequently,  incapable  of  exercifing  any-  attra- 
tftion ;  yet,  provided  the  fuperior  air  were  kept  off  from  the  wa- 
ter, by  any  other  way,  as  well  as  'twas  by  the  rammer,  the  liquor 
would  as  well  afcend  into  the  cavity  of  the  barrel  i  fince  the  furface  of  the 
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terraquwus  globe,  being  continually  prefs'd  on  by  the  incumbent  atmo-^'«wATiof. 
fphere,  the  water  muft,  by  that  preflure,  be  impelJ  d  into  any  cavity,  here  ^^^^^^'^^^ 
below,  where  there  is  no  air  to  refift  it ;  as,  by  fuppofition,  there  is 
not,  in  the  barrel  of  our  fyringe,  when  the  rammer  was  annihilated.  Thus, 
if  the  external  air,  and  conlecjuently,  its  preflfure,  be,  by  the  air -pump', 
withdrawn  from  about  the  fynnge,  you  may  raife  the  fucker  as  much  as 
you  pleafe ;  but  none  of  the  fub-jacent  water  will  follow.  In  fliort,  let 
us  fuppofe,  that  a  man,  ftandingin  an  inner-room,  does,  by  his  urmoft  re- 
fiftance,  keep  fliut  a  door,  that  is  neither  lock'd,  nor.latch  d,  againft  ano- 
ther, who,  with  equal  force,  endeavours  to  thruft  it  open ;  in  this  cafe, 
if  one  fliould  forably  pull  away  the  firft  man,  it  could  not  be  faid,  that 
he,  by  his  rccefs  from  the  door  he  endeavoured  to  prefs  outwards,  did  truly 
and  properly  draw  in  his  antagonift,  though,  uj^on  that  recefs,  the  coming 
in  oi  his  antagonift,  would  prefently  enlue ;  lb  it  cannot,  properly,  be 
faid,  that,  by  the  afcent  of  the  rammer,  which  difplaces  the  luperior  air, 
either  the  rammer  itfelf,  or  the  expeli'd  air,  properly  attrafts  the  fub- 
jaccnt  water,  tho'  the  ingrefs  of  that  liquor,  into  the  barrel,  thereupon 
necetfarily  enfues.  And  that,  as  the  comparifon  fuppofes,  there  is  a  pref- 
fure  of  tm  fu{)erior  air  againft  the  upper-part  of  the  fucker,  may  be  ea- 
fiiy  perceivM,  if,  having  well  ftopp'd  the  lower  orifice  of  the  fyiinge  with 
your  finger,  you  forcibly  draw  up  the  fucker  to  the  top  of  the  barrel ;  for, 
if  then  you  let  go  the  rammer,  you  will  find  it  impelled  downwards,  by  the 
incumbent  air,  with  a  confiderable  force. 

Having  thus  premised  fomething,  in  general,  about  the  nature  of  at- 
tra£Hon,  as  far  as  'tis  necefiary  for  my  prefent  defign,  we  may  proceed 
to  the  confideration  of  that  kind  of  it,  employed  to  raife  liquors,  which 
is,  by  a  diftin£t  name,   called  fusion. 

About  the  caufe  of  this,  there  is  great  contention,  between  the  modern  ?^^;j^''  J^^ 
philofi)phers,  and  the  Peripatetics.  The  former  afcribe  the  afcent  of  li-  ilJ!^  '*** 
quors,  upon  fuftion,  to  nature's  abhorrence  of  vacuum :  for,  fay  they, 
when  a  man  dips  one  end  of  a  ftraw,  or  reed,  into  ftagnant  water,  and 
fucks  at  the  other,  the  air  ccxitainM  in  the  cavity  of  the  reed,  pa0es  in- 
to that  of  his  cheft ;  and,  confcquently,  the  reed  would  be  left  empty,  if 
no  other  body  fucceeded  in  the  place  it  deferts :  but  there  are  only  two  bo- 
dies that  can  fucceed,  the  air,  and  the  water ;  now  the  air  cannot  do  it, 
becaufe  of  the  interpofition  of  the  water,  that  denies  it  accefs  to  the  im- 
mersed orifice  of  the  reed ;  and,  therefore,  it  muft  be  the  water  itfelf, 
which,  accordingly,  afcends,  to  prevent  a  vacuum,  abhorr'd  by  nature. 

But  many  of  the  modem  trfiilofbphers  look  upon  this  Fuga  vacui  as  an 
imaginary  caufe  cf  fu6Hon.  The  atomifts,  wlio  willingly  admit  vacuities, 
properly  fo  called,  both  within  our  world,  and  out  of  it,  cannot  think  that 
nature  dreads  a  vacuum,  and  declines  her  ufual  courfe  to  prevent  it.  And 
the  Cartefians^  tho'  they,  as  well  as  the  Perifatetics,  deny  a  vacuum,  yet, 
fincc  they  affirm,  not  only  that  there  is  none  in  nature,  but  that  there  can 
be  none,  they  will  not  grant  nature  to  be  fo  indifcreet,  as  to  ftrain  herfelf 
to  prevent  the  making  of  a  tlung  that  is  impoflible  to  be  made. 
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Avuj^tct.     The  Peripatetic  opinion^  aboat  the  caufe  of  fudUon^  though  easmd^ 


defended  by  the  fchoois,  as  well  modern  as  antient,   Tuppofes  in  nssn^ 
fuch  an  abhorrence  of  a  vacuum,  as  neither  has  been  well  proved,  not  1- 
grees  with  the  late  phenomenon  of  fu£tion :  fince,  accord^ing  to  thor  hypo- 
Siefis,  water,  and  other  liquors,  (hould  afcend,  upon  fudtion,  to  any  height, 
to  prevent  a  vacuum,  which  yet  is  not  agreeable  to  experience.    For,  I 
have  carefully  tried,  that  by  working  a  pump,  far  more  ftanch  than  difc 
that  are  ufually  made,  and,  indeed,  as  well  closM  as  ^^e  could,  poffibty^ 
bring  it  to  be,  we  could  not,  by  all  our  endeavours,  raife  water,  by  fuftion,  I 
to  above  3  3  I-  feet.    The  TmkelliM  experiment  fhcws>  that  the  wciglbt 
of  the  air  is  able  to  fuftain,  and  fome  of  our  experiments  (hew.  Vis  able 
to  raife  a  mercurial  cylinder,  equal,  in  weight,  to  as  high  a  cylinder  of  wa- 
ter, as  we  were  able  to  raife  by  pumping.    For,  mercury  being  near  14 
times  as  heavy  as  water,  of  the  fame  bulk,  if  the  weight  of  me  air  be 
equivalent  to  that  of  a  mercurial  cylinder  of  29,  or  30   inches,  it  muft 
be  able  to  counterpoifc  a  cylinder  ot  water,  near  14  times  as  kxig;  that  is, 
from  34,  to  3  5  feet.    And,  very  difagreeable  to  the  common  hypotheiis, 
but  confonant  to  ours,  is  the  experiment  that  I  have,  more  than  once, 
made,  by  taking  a  glafs  pipe,  about  three  feet  long,  dipping  one  end  rf 
it  in  water,   and  fucking  at  the  other,  whereby  the  water  will  be,  fud- 
denly,  made  to  flow  briskly  into  one's  mouth  ;  when  if,  inftead  of  water, 
you  dip  the  lower-end  into  quick-filver,  though  you  fuck  as  ffron^y  as 
ever  you  can,  provided,    in  this  cafe,  as  in  the  former,    you  hold  the 
pipe  upright,,  you  will  never  be  able  to  raife  the  quick-filver  near  fo  h^ 
as  your  mouth :  fo  that,  if  the  water  afcended,  upon  fusion,  to  the  top  of 
the  fame  pipe,  becaufe  there  would,  otherwife,  have  been  a  vacuum  left 
in  the  cavity  of  it ;  why  (hould  not  we  conclude,  that  when  we  have  fuck'd 
up  the  quick-filver,  as  ftrongly  as  we  can,  fo  much  of  the  upper-pan  o£ 
the  tube,  as  is  deferted  by  the  air,  and  yet  not  fiU'd  by  the  mercury,,  ad- 
mits, in  part  at  leaft,  a  vacuum^  as  to  air ;   of  which,  confequently^  na- 
ture cannot^  reafcnably,  be  fuppofed,  to  have  fo  greai  and  unlimited  an 
abhorrence,  as  the  Peripatetics  prefume.     Yet,  I  will  not  determine  whe- 
ther there  be  any  more  than  many  little  vacuities,  or  fpaces  defl:itute  of  air, 
in  the  cavity  of  the  pipe,  unfiU'd  by  the  mercury,  fo  that  the  whole  cavity  is 
not  one  entire  empty  Ipacc  ^  it  being  fufficient,  for  my  purpofe,  that  the  ex- 
periment arfords  a  good  argument  againft  the  Peripatetics ;    and  warrants 
us  to  feek  for  fome  other  caufe,  than  a  Fttga  vactu^  why  a  much  ftron^^er 
fuftion,  than  that  which  made  the  water  afcend,  with  eafe,  into  the  momh, 
will  not  alfo  raife  quick-filver  to  near  the  fame  heii^ht. 

Thofe  modern  philofophers,  who  admit  not  a  Fuga  vacui  to  be  the  caufe 
of  the  afcent  of  liquors  in  fuftion,  generally  agree  in  referring  it  to  the 
action  of  the  thorax  :  for,  when  a  man  endeavours  to  fuck  up  a  liquor,  he, 
by  means  of  the  mufcles,  inlargesthe  cavity  of  his  cheft  j  which  he  cannot 
do,  but,  at  the  fame  time,  he  muft  thruft  away  thofe  parts  of  the  am- 
bient air,  that  were  contiguous  to  his  cheft  i  when,  the  difplaced  air,  ac- 
cording to  fome,  comprejDfes  the  contiguous  air,  and  that,  the  next  to  it, 

and 


\ 


Tli  Nature  of  SuBion  explained.  y  1 5 

and  fo  onwards,  till  the  preflure,  fucceflSvely,  pafling  from  one  part  of  rhef**^^»c«- 
air  to  the  other,  arrive  at  the  furface  of  the  liquor  ,•  fo  that  all  other  places 
being,  as  to  fenfe,  full,  the  impelled  air  cannot  find  place,  but  by  thrufting 
the  water  into  the  room  made  for  it  in  the  pipe,  by  the  recefs  of  the  air, 
that  pafs'd  into  the  lungs  of  the  perfon.  Ancl,  they  differ  not  much  from 
this  explanation,  who,  without  taking  in  the  compreflGon  of  the  ambient 
air,  made  bjr  the  thorax,  refer  the  phenomenon  to  the  propagated  motion, 
or  impulfc,  imprefsM  on  the  air,  difplacM  by  the  thorax,  m  its  dilatation, 
and  yet  unable  to  move  in  a  worid  perfeftly  fiU'd,  as  they  fuppofe  ours  to 
be,  unlefs  the  liquor  be  impelled  as  much  into  the  cavity  of  the  pipe,  as 
faft  as  'tis  deferted  by  the  air,  faid  to  be  fuck'd  up.  But,  tho'  I  readily 
confefs  this  explanation  to  be  ingenious,  and  fucn  as  I  wonder  not  they 
ihould  acquiefce  in,  who  are  onlv  acquainted  with  the  obvious  phenomena 
of  fudion  ;  and  tho'  I  am  not  lure,  that  in  the  moft  familiar  cafes,  the 
caufes  affign'd  by  them,  may  not  contribute  to  the  effeft,  yet  I  cannot  ac- 
quiefce in  this  theory :  for,  I  think  the  caufe  of  fudion  aflignM,  is,  in 
many  cafes,  not  neceflary ;  in  others,  not  fufficient.  And,  firft,  as  to  the 
condeniation  of  the  air,  by  the  dilatation  of  the  cheft ;  when  I  confider  the 
extent  of  the  ambient  air,  and  how  fmall  a  compreflion,  no  greater  an  ex*- 
panfion  than  that  of  the  thorax  is  likely  to  make;  I  can  fcarce  think  fo 
flight  a  condeniation  of  the  free  air,  fhould  have  fo  confiderable  an  effect  on 
the  furface  of  the  liquor,  to  be  rais'd,  as  the  hyothefis  requires  :  and, 
that  this  inipulfe  of  the  air,  by  the  dilated  thorax,  though  it  accompanies 
the  afcent  of  the  water,  procured  by  fu£Hon,  is  not  of  abfblute  neceffity 
thereto,  will,  I  prefume,  be  eafily  granted :  even  a  propagated  pulfion,  ab- 
fira£ted  from  any  condenfation  of  the  air,  is  not  fo  neceUary,  but  that  the 
t!k&,  may  be  produced  without  it.  •  Now,  fuppofe  fb  mucn  air  as  is  dif- 
placed  by  the  thorax,  annihilated,  yet  the  afcent  of  the  liquor  would  ftill 
enfue  ;  for,  when  a  man  begins  to  fuck,  there  is  an  equilibrium  between 
the  preflure  which  the  air  contained  in  the  pipe,  has,  by  vhrtue  of  its  4'ring» 
upon  that  part  of  the  furface  of  the  water,  that  is  furrounded  by  the  (ides 
ot  the  pipe,  and  the  preflure  which  the  atmofphere  has,  by  virtue  of  its 
weight,  upon  all  the  reft  of  the  furface  of  the  ftagnant  water :  fo  that 
when,  by  the  dilatation  of  the  thorax,  the  air,  within  the  pipe,  comes  to 
be  rarified,  and,  confequentiy,  to  lofe  of  its  fpring^  the  weight  of  the  ex- 
ternal air  continuing,  in  the  mean  time,  the  fame;  it  muft  neceflarily  hap- 
pen, that  the  fpring  of  the  internal  air  will  be  too  weak,  to  balance,  any 
longer,  the  gravitation  of  the  external  y  and,  confequendy,  that  part  of 
the  furface  of  the  fUgnant  water,  which  is  included  in  the  pipe,  bein^ 
lefs  prefs'd  upon  than  all  the  other  parts  of  the  fame  furface,  muft  necel- 
farily  give  way,  and,  therefore,  be  impelled  up  into  the  pipe,  where  the 
air,  having  had  its  fpring  weaken^,  is  no  longer  able  to  renft  it,  as  be- 
fore. Thus,  conceiving  that,  within  a  chamber,  three  men  thruft  all  to- 
gether, with  their  utmoft  force,  againft  a  door,  to  keep  it  (hut,  at  the 
fame  time  that  three  others,  of  equal  ftrength,  endeavour  to  thruft  it  open ; 
fhpugh,  whilft  their  oppofite  endeavours  are  equal,  the  door  will  continue 
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fluit,  yet,  if  one  of  the  three  men,  within  the  room»  fhould  ccafe  to  ai, 
there  would  need  no  new  force,  in  the  three  men,  to  make  them  pmii, 
and  thruft  open  the  door,  againft  the  redftance  of  the  two. 

The  long  neck  of  a  glafs  bubble,  being  feal'd  up,  and,  almoft,  til  Ac 
air,  bv  heat,  driven  out  of  the  whole  cavity  thereof,  the  glafs  was  bud  a- 
fide,  lor  fome  hours ;  afterwards,  the  feal'd  apex  of  the  neck  was  hrokca 
o^  under  water:  I  demand,  now,  of  a  Peripatetic^  whether  the  liquet 
ought  to  be  fuck'd,  or  drawn  into  the  cavity  of  the  glafs  ;   and  why  ?  li 
he  fays,  as,  queftionlefs,  he  will,  that  the  water  wouM  be  attraftcd, 
to  hinder  a  vacuum,   he,   thereby,    acknowledges,  that,    till    the  gUfs 
was  unftopp'd,  under  water,  there  remained  fome  empty  fpace  m  it :  for, 
'till  the  feald  end  was  broken  off,  the  water  cou'd  not  get  in;  and  there- 
fore, if  the  Fiiga  vacui  had  any  thing  to  do  in  the  alcent,  the  liquor  imiil 
rife,    not  to  prevent  an  empty  fpace,  but  to  fill  one  that  was  made  bcfoK. 
Nor  does  our  experiment  much  more  favour  the  other  philofc^hers,  I 
diflcnt  from :  for  there  is,  here,  no  dilatation  made  of  the  fides  of  the  glafs, 
as  in  ordinary  fu£Hon  there  is  made  of  the  thorax  i  but  only  fo  much  air 
driven  out  of^the  cavity  of  the  bubble,  into  whofe  room,  fince  ndther  com- 
mon air,  nor  water,  is  permitted  to  fucceed,  it  appears  not  how  the  pro- 
pagated, and  returning  impulfe,  or  the  circle  of  motion,  as  to  conunoa 
air  and  water,  takes  place.    Again,  I  demand,  what  becomes  of  the  air, 
tliat  has  been,  by  heat,  driven  out,  and  is,  by  the  hermetical  feal,  icpc 
out  of  the  cavity  of  the  bubble  ?     If  it  be  &id,  that  it  difhiies   itfeUF  into 
the  ambient  air,  and  mixes  with  it ;  this  is  to  grant,  what  I  coutend  for,  that 
fo  little  air,  as  is  ufually  difplac'd  in  fuftion,  cannot  make  any  confidcrable 
compreffion  of  the  free  ambient  air:  for,  what  can  one  cubic  inch  of  air, 
which  is,  fometimes,  more  than  one  of  our  glafles  contains,  do,  towards 
condenfing  a  whole  chamber  full,  when  the  expell'd  corpufcles,  are  ex'cnly 
diftributed  among  thofe  of  the  ambient  ?  And  how  comes  this  inconfiderablc 
condenfation  to  have  fo  great  an  effcft  in  every  part  of  the  room,  as  to  be 
able  there  to  impel  into  the  glafs,  as  much  water,  in  extent,  as  the  whole 
air  that  was  driven  out  of  the  cavity  of  it  ?     But,  if  it  be  faid,  that  the 
expell*d  air  only  condensed  the  contiguous  air  5  *tis  no  way  probable  that 
the  expelled  particles  of  the  air,  fliould  not,  by  the  diflferent  motions  ot 
the  ambient  air,  be  quickly  made  to  mix  with  it ;  but  fhould  rather  wait 
till  the  veffels,  whence  *twas  driven  out,  were  unftopp^d  again.  But  thcugli 
this  could,  probably,  be  pretended,  it  cannot,  truly,  be  ailerted  :    for,  it 
you  carry  tlie  feal'd  glafs  quite  out  of  the  room,  and  unftop  it  at  fome 
other  place,  tho*  two  or  three  miles  diftant,  the  afcentofthe  water  will, 
as  I  found  by  trial,  neverthelefs,   enfue ;    in  which  cafe,   I  prefume,  ic 
cannot  be  faid,  that  the  air  expelled  out  of  the  glafs,  and  which  condensed 
the  coiitiguous  air,  attended  the  bubble  in  all  its  motions  ;  and  was  ready 
at  hand,  to  impel  in  the  water,  as  foon  as  the  feal'd  apex  of  the  vial  was 
broken  o£ 
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In  our  ownhypotbefis  of  fuftion,  we  fuppofe,  firft,  without  difputing  ei-**^ 
ther  the  exillence  or  the  nature  of  elementary  air,  that  the  common  air,  * 
we  breathe  in,  and  which  I  call  atmofpherical,  abounds  with  corpufcles  not 
deftitute  of  weight,  and  endow'd  with  elafticity,  whereby  the  lower  parts, 
comprefs'd  by  the  weight  of.  the  upper,  inceflantly  endeavour  to  expand 
themielves ;  by  which  expaniion,  and  m  proportion  to  it,  thefpring  of  the  air 
is  weakened,  the  more  they  arc  permitted  to  ftretch  themlelves. 

Next ,  we  fuppoie,  that  the  terraqueous  globe,  being  furrounded  with 
this  gravitating  and  fpringy  air,  has  its  furface,  and  the  bodies  placed  on 
jt,  prefs'd  by  as  much  of  the  atmofphere,  as  either  perpendiculary  refts 
on  them,  or  can  otherwife  come  to  bear  upon  them.  This  prefliire  is,  by  the 
ImicelUim  and  other  experiments,  found  to  be  equivalent  to  a  perpendicular 
cylinder  of  about  twenty-nine  or  thirty  inches  of  quick-filver. 

LafUy,  we  fuppofe,  that,  air  being  containM  in  a  pipe  or  other  hollow 
body,  having  but  one  orifice  open  to  the  free  air,  if  this  orifice  be  her- 
metically feal'd,  or  otherwiie  dos'd,  the  included  air,  whilft  it  continues 
without  any  farther  expanfion,  wil  have  an  elaftidty  equivalent  to  the 
weight  of  as  much  of  the  outward  air  as  did  before  prefs  againft  it.  For, 
if  the  weight  of  the  atnK)fphere  had  been  able  to  comprefs  ic  further,  it 
would  have  done  it ;  and  then  the  clofing  of  the  orifice,  at  which  the  internal 
and  external  air  conuiumicated,  as  it  fene'd  the  included  air  from  die 
prefTure  of  the  incumbent,  fo  it  hinderM  the  fame  included  air  from  ex*- 
panding  icfelf ;  whence,  as  it  was  fliut  up  with  the  preiTure  of  the  atmo- 
.fphere  upon  it,  that  is  in  a  flate  of  as  ^reat  compreffion  as  the  weight  of 
the  atmofphere  could  bring  it  to,  fo  being  ihut  up,  and  thereby  kept  from 
weakening  that  prdOfure  by  expanfion,  it  muft  retain  a  fpringinefs  propor- 
tionable to  the  preflure  'twas  before  expos'd  to.  But  if,  as  was  faid  in  the 
firft  fuppofition,  the  included  air  (hould  come  to  be  dilated  or  expanded, 
its  fpnng,  like  that  of  other  elaftic  bodies,  would  be  weakenM,  anfwera- 
bly  to  tbu:  expanfion. 

To  me  then  it  (eems,  in  general,  that  liquors  are,  upon  fu6Vion,  rais^i 
into  the  cavities  of  pipes,  and  other  hollow  bodies,  when  there  is  a  lefs 
prefiure  on  the  furface  of  the  liquor  in  the  cavity,  than  on  the  fur&ce  of 
the  external  liquor,  that  furrounds  it ;  whether  that  prefTure  of  thoie  part$ 
of  the  external  liquor,  which  are  from  time  to  time  impelled  up  into  the  ori-p 
fice  of  the  pipe,  proceed  from  the  weight  of  the  atmofphere,  the  propagated 
comprefiure,  or  impulfe^  of  fome  parts  of  the  air,  the  fpring  of  the  air,  or 
ibme  other  caufe ;  as  the  prelTure  of  bodies  quite  diftin£t  from  air. 

Upon  a  general  vi«w  ot  this  hypothefis,  it  feems  very  agreeable  to  me- 
ehanical  principles.  For,  if  there  be,  on  the  different  parts  of  the  furface  of 
a  fluid  body  unequal  prefiures,  ^tis  plain,  as  well  by  the  nature  of  the 
thing,  as  by  what  has  oeen  demonfbated  by  Arcbimeaes,  that  the  greater 
force  will  prevail  againft  the  lefs ;  and  that  fuch  a  part  of  the  water's  fur- 
face muft  give  way,  as  is  the  leaft  prefs'd. 

To  proceed  to  ibme  experiments  made  in  favour  of  this  hypothefi& 

We  took  a  ^z&  pipe  bended  like  a  fiphon  j  bw  fo^  tt)at  the  Ihorter  leg  was 
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JJ^*'- parallel  to  the  longer,  and  hermeticatty  feal'd  at  the  end  :  into  this  fiphon 
y^^  we  couvey'd  water,  (6  that  the  crooked  part  being  held  downwards,  the 
liquor  reach'd  to  the  fame  height  in  both  legs  ;  about  an  inch  and  an  half  of 
uncomprefs'd  air  being  fhiit  up  in  the  fhorter.  This  little  inftrumenr, 
about  fifteen  inches  long,  being  thus  prepared,  'tis  plain,  that,  according 
tori;c  hypothe/is  I  diflent  from,  there  is  no  reafon  why  the  water  (houla 
afcend  upon  fuftion.  For,  tho'  Hc  (hould  admit,  that  the  external  air  were 
con/iderably  comprefs'd,  or  receiv'd  a  notable  impulfe  when  the  chelt  is  en- 
larg'd,  yet,  in  our  cafe,  that  compreffion  or  protrulion  will  nor  reach  the 
funace  of  the  water  in  the  (horter  leg  ;  becaufe  it  is  there  fenced  from  the 
aftion  of  the  external  air,  by  the  fides  of  the  glafs,  and  the  hcrmctical  feal 
at  tlK  top :  but  if  a  perfon  fuck'd  ftrongly  at  the  open  orifice  in  the  longer 
leg,  the  water  in  the  (hotter  would  be  deprefs'd,  and  that  in  the  longer 
a^end,  at  one  fuck,  about  an  inch  and  a  half ;  of  which  the  reafon  is  clear  on 
our  hypothefis.  For  the  ipring  of  the  included  air,  together  with  tlie 
weight  of  the  water  in  the  (horter  leg,  and  the  pre(fure  ofthe  atmofpheri- 
cal  air,  aflifted  by  the  weight  of  the  liquor  in  the  longer  leg,  balanced 
one  another  before  the  fuction  began  ;  but  when,  afterwards,  upon  fuc- 
tion,  the  air  in  the  longer  leg  came  to  be  dilated,  and  thereby  weaken'd, 
'twas  render'd  unable  to  refiit  the  undiminifh'd  pre(fure  of  the  air  included 
in  the  (horter  leg  J  which,  confequenrly,  expanding  itfelf,  by  virtue  of  hs 
elafticity,  deprefs'd  the  contiguous  water,  and  made  it  proportionably  rife 
in  the  oppofite  leg,  till  its  fpring  being  by  the  expan(ion  gradually  more 
weaken'd,  it  balanced  the  gravitation  or  preffure  of  the  atmofphere. 
And  this  is  the  reafon  why,  when  the  perfon  who  fuck'd  had  rais'd  the 
water  in  the  longer  leg  lefs  than  three  inches  higher,  by  repeated  endea- 
vours, and  that,  without  once  fuffering  the  water  to  fall  back  again,  he 
was  not  able  to  elevate  the  water  in  the  longer  (6  much  as  three  inches  a- 
bove  its  firft  flation.  And  if  in  the  (horter  leg,  there  was  only  an  inch  and  a 
quarter  of  fpace  left  for  the  air ;  by  fevcral  afts  of  fuftion,  skillfully  re- 
peated, he  could  not  raife  the  liquor  in  the  longer  leg  above  two  inches  j 
becaufe,  by  chat  time,  the  air  included  in  the  Ihorter  leg  had,  by  expand- 
ing itfelf  further,  proportionably  weaken'd  its  fpring,  till,  at  length,  it 
became  as  much  rarify'd  as  the  air  in  the  cavity  of  the  longer  leg;  and> 
confequently,  was  able  to  to  thruft  away  the  water  with  no  more  force 
riian  the  air  in  the  longer  leg  was  able  to  relift.  And  hence  it  appear'd, 
that  the  rarifaftion  ufually  made  of  air  by  fuftion,  is  not  near  fo  great  as 
one  would  expeft ;  probably,  becaufe,  by  the  dilatation  of  the  lungs,  the 
air,  being  ftill  (hut  up,  is  but  moderately  rarify'd  ;  and  that  in  the  longer 
leg  can  by  them  be  brought  to  no  greater  degree  of  rarity  than  the  air 
within  the  cheft-  For  whereas  the  included  air  in  our  inftrument  was 
not  expanded,  at  one  fuck,  to  above  double  its  former  dimenfions,  and 
by  feveral  fucceHive  fucks  was  expanded,  but  from  one  inch  and  a  half  to 
k'ls  than  four  inches  and  a  half,  if  the  fuftion  could  have  been  conveniently 
made  with  a  great  ftanch  fyringe,  the  rarifaftion  of  the  air  would,  fH"oba- 
bly,  have  been  far  greater ;  fmce,  in  oiu-  pneumatic  engine,  airmay  without 
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heat,  and  by  a  kind  of  fusion,  be  brought  to  poifefs  many  hundreds  of  ^vbumatioi. 
times  the  foace  it  took  up  before.    From  this  rarifiaftion  of  the  air  in  both  ^-^VN> 
the  legs  of  our  inftrument^  proceeds  another  phenomenon  readily  explicable 
by  our  hypothefis.    For  if,  when  the  water  was  impell'd  up  as  high  as  the 
fu£tion  could  raife  it,  the  inftrument  were  taken  from  the  perfon*s  mouth, 
the  elevated  water  would,  with  violence,  return  to  its  wonted  ftation.    For 
the  air,  in  both  legs  of  the  inftrument,  having  by  fuftion  loft  much 
of  its  fpring,  and,  confequently  of  its  power  of  preffing  ,•  when  once  the 
orifice  of  the  longer  leg  was  left  open,  the  atmofpherical  air  came  again  to 
gravitate  upon  the  water  in  that  leg;  and  the  air  included  in  the  other,  ha- 
ying its  fpring;  weakened  by  the  preceding  expanfion,  was  not  able  to  hinder 
the  external  air  from  violently  repelling  the  elevated  water,  till  the  included 
air  was  thruftinto  the  fpace  it  poirefs'd  before  the  fuftion  ;  in  which  fpace  it 
had  denfity  and  elaflicity  enough  to  refift  the  prefTure  that  the  external  air 
exerds'd  againft  it,  thro'  the  interposed  water. 

But  our  hypothefis  about  the  caufeof  fudlion,  needs  only  the  affiftance  of 
our  pneumatic  engine.  For  by  trials,  purpofely  devis  d  and  carrfully 
made  therewith,  we  found,  that  a  good  fyringe  being  Co  conveyed  into  the 
receiver,  that  the  open  orifice  of  the  pipe,  or  lower  part,  remained  under 
water ;  ii  the  engine  were  exhaufted,  and  the  handle  of  the  fyringe  drawn 
up,  the  water  cud  not  follow  it,  which  yet  it  would  do  if  the  external 
air  were  let  in  again.  The  reafon  of  which  is  plain ;  for  the  air  that 
ftould  have  prefs  d  upon  the  furface  of  the  fbagnant  water  having  been 
pump'd  out,  there  was  nothing  to  impel  up  the  water  into  the  defer  ted 
cavitv  of  the  fyringe,  till  the  receiver  was  nlW  with  air. 

I  uiall  next  ofi'er  fome  eafy  experiments  to  make  out  thefe  three  propofl- 
tions. 

1.  That  a  liquor  may  be  rais'd  by  fuftion,  whea  the  prefTure  of  the  air, 
neither  as  it  has  weight  nor  elafUcity,  is  the  caufe  of  it. 

2.  That  the  weight  of  the  atmoiphere  is  fufficient  to  raife  up  liquors  in 
fusion. 

3.  That,  in  fome  cafes,  there  will  be  no  fuftion„  tho*  there  is  a.  dilatation 
of  the  thorax ;  and  no  danger  of  a  yacuunty\{  the  liq^uor  fhould  afcend. 

I.  And  firft  to  fhew  how  much  the  rifing  of  liquors,  ia fuft ion,  depends ^^ jffl  ' 
upoa  the  weight  or  prefTure  of  the  impelling  body,-  and  how  little  nec^ty I!?;l£i5r 
there  is,  where  fuch  a  prefTure  happens,  tlmt  in  the  place  deferted  by  }^^^^XuSl^ 
liquor  fuck'd,  there  fhould  fucceed  air,  or  fome  other  vifible  body ;  I  devis'd* 
the  following  experiments.  We  took  a  glafs  pipe,, fit  for  the  Torricellian  expe- 
riment, but  much  longer  than  was  necefTary  for  that  ufe  ;  this  being  her- 
meticaUy  feard  at  one  end,  the  other  was  fo  bent  as  to  be  reflefted  up- 
wards, and  make,  as  it  were,  the  fhoner  leg  of  a  fiphon  parallel  to  the 
longer  j  fo  that  the  tube  was  now  fhaped  like  an  invened  fiphon,p  with  legs 
of  a  very  unequal  length.    This  we  fill'd  with  mercury  in  an  inclining  poT- 
ture,  and  then  erefting  it,  the  mercury  fubfided  in  the  longer  leg,,  as  in  the. 
Torricellian  experiment,  and  attained  to  between  two  feet  and  a  quarter,  and. 
two  feet  and  a  half^  above  the  furface  of  the  mercury  in  the  (horter  leg,which 
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i»*ie»'in  this  inftnimenr  anfwers  to  the  {bigpant  mercury  in  an  onJinary  b«w- 
*^  meter.  Out  of  the  ftiorter  le^  of  this  txibe,  we  warily  took  as  much  mer- 
cury as  was  Thought  convenient  j  and  this  we  did  fo  as  to  hinder  any  air 
from  getting  into  the  defened  cavity  of  the  longer  leg  ;  by  which 
menns,  the  mercurial  cylinder  i-erain'd  the  fame  height  above  the  ftagnant 
mercury  in  the  fhortcr.  The  upper  and  clofed  part  of  this  portable  baro- 
meter muft  have  been  free  from  common  air,  becaufc,  if  gently  indin'd, 
the  quick-filver  would  afceiid  to  the  top  of  the  ciibe  ;  which  it  could  not 
do,  if  the  place  formerly  deferted  by  it  were  pofl"efs'd  by  the  air.  Thein- 
ftj-umcnt  being  thus  fitted,  I  caus'd  a  perion  to  fiick  at  the  fhorccr  leg  of 
it ;  whereupon  tliere  prefently  enfued  an  aicent  of  four  or  five  inches  of 
mercury  in  that  le",  and  a  proportionable  fubfidence  in  the  longer;  yet  tn 
this  cale  the  rife  of^the  mercury  cannot  proceed  from  the  prcfliire  of  the 
air.  For  the  weight  of  the  atmofphcre  is  fcnc'd  off,  by  that  which  clofcs 
the  upper  end  of  the  longer  tube :  and  the  fpring  of  the  air  has  here  no- 
thing to  do  ;  fince  the  fpace  deferted  by  the  mercury,  is  not  poffefs'd  by  die 
included  air  :  and  the  pulfion  or  condcnfation  of  the  air,  fuppos'd  by  iei-c- 
ral  modem  philofophers  to  be  made  by  the  dilatation  of  the  cheft,  and  to 
prefs  upon  the  furface  of  the  liqiiors  that  are  to  be  fuclt'd  up,  cannot  here 
be  pretended  ;  becaufe  the  furtace  of  the  liquor  in  the  longer  leg  is  cA-cry 
way  fcnc'd  from  the  preffure  of  the  ambient  air.  It  remains,  therefore, 
that  the  caufe  which  rais'd  the  quick-fUver  in  the  ftioner  leg,  upon  the 
fiiftion,  was  the  weight  of  the  collateral  quick-lilver,  fuperior  in  the  longer 
leg;  which  being  equivalent  to  the  weight  of  the  atmofphere,  there  is  i 
plain  reafon  why  the  ftagnant  mercury  in  the  Ihorter  leg  fliould  be  rais'd 
fonie  inches  by  fuiSion,  as  mercury  ftagnant  in  an  open  veffel  will  be  rais'd 
by  the  weight  of  the  atmofphere,  when  the  fusion  is  made  in  the  open  air : 
for,  in  both  cafes,  there  is  a  pipe  that  reaches  to  the  ftagnant  mercury, 
and  a  competent  weight  to  impel  it  into  that  pipe,  when  the  air  in  the  ca- 
vity of  it  has  its  fpring  weaken'd  by  the  dilatation  that  accompanies 
fuftion. 
niizbtif  2.  That  the  weight  of  the  air  is  fufficlent  to  raife  liquors  in  fuftion,  may 
y'^mUr  ^Ppc^r  by  arguments  drawn  from  the  T'^wf/Z/ffs  experiment ;  and  much 
'"more  clearly  from  fome  we  have  made  with  our  air-pump.  And  with  the 
like  view,  having  provided  an  inftrument  in  imitation  of  the  portable  bi- 
rometer,  lately  mention'd,  but  whofe  legs  were  notfo  unequally  long;  and 
having  in  it  made  the  Torricellian  experiment,  after  the  manner  defcrib'd, 
we  order'd  the  matter  fo,  that  there  rcmain'd  in  the  ftiorter  leg  the  length 
of  feveral  inches  unfill'd  with  ilagnant  mercury.  Then  I  caus'd  a  perfbn 
to  raiie  the  qiiick-filver,  by  fuftion,  fo  to  the  orifice  of  the  fhorter  leg, 
that  the  orifice  being  feafonably  and  dc\tcroufly  clofed,  the  mercury  conti- 
nu  d  to  fill  that  leg  as  long  as  we  thought  fit ;  and  then  having  put  a  mark  at 
the  furface  of  the  mercury  in  the  longer  leg,  we  unftop'd  the  orifice  of  the 
ftiorter;  whereupon  the  mercury  that  before  fill'd  it,  was  deprefs'd,  till  in 
the  longer  leg  it  was  rais'd  five  inches,  or  moi-e,  above  the  mark,  and  continu'd 
at  that  height.  This  mercury,  rais'd  by  iuftion,wa5  depreiJs'd ;  becaufe  rts  own 
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weight  could  not  here  make  it  &I1 ;  fince  a  mercurial  cylinder  of  five  inches tv»«i|ft«K)| 
was  far  from  being  able  to  raiie  £o  call  a  cylinder  of  mercury^  as  made  a '  '^ 
counterpoize  in  the  longer  leg ;  and  therefore^  the  depreiCon  we  ipeak  of^ 
is  to  be  referred  to  the  gravitation  of  the  atmofpherical  air  upon  the  fiir- 
face  of  the  mercury  in  the  fhorter  leg.  And  I  fee  no  caufe  to  doubt,  that 
if  we  could  have  procured  an  inffarument,  into  whofe  fliorter  leg,  a  mercu- 
rial cylinder  many  inches  higher  might  have  been  fuck'd  up,  it  would,  by 
this  contrivance,  have  appear  d,  that  the  preffure  of  the  atmofphere  could 
eafily  impel  up  a  £u:  taller  cvlinder  of  mercury  than  it  did  in  our  experi- 
ment. For,  it  the  gravity  ot  an  incmnbent  pillar  of  the  atmofphere  be  able 
to  oomprefs  a  parcel  of  included  air  as  much  as  a  mercurial  cylinder  equi- 
valent, in  weight,  to  between  thirty  and  thirty-five  feet  of  water  is  able  to 
condenfe  it,  the  fame  atmofpherical  cylinder  may  well  be  able,  by  its  weight, 
to  raife  and  counterbalance  twenty-eight  or  twenty-nine  inches  of  quick-fil- 
ver,  or  an  equivalent  pillar  of  water  in  tubes,  where  the  refinance  of 
thefe  two  fluids,  to  be  rafsM  and  fuftain'd  by  the  air,  depends,  only,  upon 
their  own  imaflifled.  gravity. 

To  confirm  our  doctrine  of  the  gravitation  of  the  atmofphere,  upon  the 
fiirfaceof  the  liquors  exposed  to  it,  Ifhall  fubjoin  an  experiment,  devis'd  to 
Ihew,  that  the  incumbent  air,  in  its  ufual  flate,  would  comprefs  other  air  in 
the  like  natural  flate,  as  much  as  a  cylinder  of*  twenty-eight  or  twenty- 
nine  inches  of  mercury  could  condenfe  it*  But  in  order  hereto,  I  fuppofe 
it  known,  that  about  twenty-nine  or  thirty  inches  of  quick-filver  will 
oomprefs  airfhut  up,  in  its  ufual  flate,  in  the  fhorter  leg  of  our  portable  ba- 
rometer into  half  the  fpace  it  poilefsM  before. 

We  provided  a  portable  barometer,  wherein  the  mercury  in  the  longer 
leg  was  kept  fufpended  by  the  counterpoize  of  the  air  tliat  gravitated  on 
tte  furface  of  the  mercury  in  the  fliorter,  which,  we  hadfo  ordered,  that 
it,reach'd  not,  by  about  two  inches,  to  the  top  of  the  fhorter  leg.  Then 
making  a  mark,  at  the  place  where  the  flagnant  mercury  relied,  'twas  mani- 
feft,  according  to  our  hypothcfis,  that  the  air  in  the  upper  part  of  the 
fhorter  leg  was  in  its  natural  flate,  or  of  the  fame  degree  of  denfity  with 
the  outward  air, .  with  which  it  freely  communicated  at  the  open  orifice  of 
the  fhorter  leg;  fo  that  this  ftagnant  air  was  equally  prefs'd  upoii  by  die. 
weight  of  the  collateral  fupcrior  cylinder  of  mercury  in  the  longer  leg, 
and  the  equivalent  weight  of  a  diredtly  incumbent  pillar  of  the  atmorpiierc. 
Then  the  upper  part  of  the  flioner  le|  that  had.  been  before,  purpofely, 
drawn  out  to,  almoft,  a  capillary  fmallncfs,  was  hermeticgllv  fcala.,- 
which,  tho*  the  inflrument  remained  erect,  was  lb  fuddenly  done,  byreafon 
of  the  flendemefs  of  the  pipe,  that  the  included  air  did  not  appear  to  he 
fenfibly  heated:  after  this,  we  opened  die  lower  end  of  the  longer  leg 
without  fhaking  the  veflel ;  by  which  means,  the  atmofpherical  air,  gaining 
accefs  to  the  meicury  included  in  the  longer  leg,  did,  by  its  gravitation  up- 
on it,  fo  comprefs  the  air  included  in  the  fhorter  leg,  that,  according  to  the 
eftimate  we  made,  with  the  help  of  a  ruler,  it  was  crowded  into  near  half 
the  fpace  it  took  up  before ;  andconfequently  fuffer  d  a  compreflfure  like  that> 
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K^VKt.whicb  a  mercnr'ul  cylinder  of  abont  cwcncy-nine  iochet  would  have  girm 

Jf^  it. 

Ml  mfit-d     This  experiment  was  made  a  fecond  timc.wlth'likc  fncccfi. 

T^Jk^i      3-  And  to  make  it  yet  further  appear,  how  much  the  afccnt  of  liquors, 

r^i-  '  by  i'nftion,  depends  upon  preflure,  rather  than  upon  nature's  imaginary  ab- 
horrence of  a  I'tiaimn,  or-the  propagated  pulfion  of  the  air  ;  I  will  fubjoia 
an  inltanct!,  wlicrcia  tliat  prcfum'tnibhoncucc  cannot  be  pretended.  The 
C-'^prrimcnt  was  thus  made. 

A  glifs  liphoii,  like  thofc  lately  dc^crib'd,  with  one  leg  far  longer  that! 
tlicotluT,  was  hermetically  fcal'd  at  tiiefhorter  leq.and  then,bydcgrces,we 
put  i;v,  flt  the  orilicc  of  the  longer  leg,  as  much  quick-filver,  as  by  its  weight 
lufliccd  to  coniprels  the  airin  the  mortcr  leg,  intn  about  half  the  fpace  it 
pcflHVd  before  ;  fo  that,  according  to  the  Pcripaietic  do&rinc,  the  air 
nuift  be  in  a  flate  of  preternatural  condcnfation,  and  that  to  a  for  grearer 

I  decree,  than  'tis  ufunlly. brought    by  cold  intenfe  enough   to  freeze  wa- 

I  tvi'.     Then,  mealurins  the  height  ci\  the  quick-iilvcr  in  the  longer  tube  a- 

1)0V(;  the  fuperrtcies  of  that  in  the  fliorcer,  we  found  it  not  to  exceed  thirty 

I  "niches.     Now  if  liquors  role,  in  fudion,  for  fear  of  a  'Kicaww,  there  is.no 

reaion  whv  this  quick-filver  in  the  longer  part  of  the  fiphon  (hoiild  not  ea- 

■  'lilv  afcend  upon  fiiftion,  at  k-aft  til!  the  air  in  the  fhortcr  leq  had  rcgain'd 

its  former  dimenfions;  fince  it  cannot,  m  this  cale,  be  pretended,  that  if 
the  mercury  fhould  afcend,  thei^-  would  be  any  danger  of  a  Vnciaim  in  the 
(hortcr  leg  of  the  tube  ;  becauie  the  contiguous  incluiJed  air  is  ready  at  hand 
to  fucceed,  as  faft  as  the  mercury  fubfidcs  iu  the  (hortcr  leg  of  the  fiphon. 
"Nor  can  it  be  alledg'd,  that,  to  HII  the  place  dcfcrtcd  by  the  quick-iilver, 
■the  included.air  muft  luftcr  a  preternatural  rarifaftion  ;  fince  'tis  plain,  thar, 
on  the  contrary,  as  long  as  the  air  continues  in  the  ftate  whereto  'tis  re- 
duced hv  rhc  weight  ot  the  quick-filvcr,  it  is  kept  in  a  \  iclcnt  ftitc  of  com- 
prellion,  becauie  in  the  (horcer  leg  it  was  in  its  natural  ftate,  when  the 
mercury  pour'd  into  the  longer  leg  did,  by  its  weight,  thniflrit  into  about 
half  the  fpace  it  took  up  before.  Yer,  having  caus'd  fe\TraI  perTons  to  fuck, 
Icverdl  thnes,  as  ftrongly  as  they  could,  they  were  not  able,  fo  Tnuch  as  for 
a  minute,  to  raife  the  mercury  in  the  longer,  and  make  it  fubfide  in  the 
fliorrer  far  more  than  an  inch.  And  to  fhew,  that  the  experiment  was  not 
favourably  made  for  me ;  the  height  of  the  mercurial  cyhnder  in  the  longer 
leg,  above  tlie  furface  of  that  in  the  fliorter,  was,  at  the  time  of  fuftion,  an 
inch  or  two  ihort  of  thirty ;  and  the  cnmprefs'd  air  in  the  ftiorter  leg,  was 
fo  far  from  having  been  expanded,  by  the  cxfuftion,  beyond  its  natural  and 
'firlldinK-nfions,  that  it  did  not,  when  the  contiguous  mercury  ftood  as  low 
as  we  could  make  it  fublldc,  regain  fo  much  as  one  half  of  the  fpace  it 
"had  loft  by  the  pixccdent  compreffurc  ;  and,  confequently,  was  in  a  preter- 
natural ftate  of  condenfarion,  when  it  had  been  freed  from  that  ftate  as 
-far  as  fuftion  could  do  ir.  Whence  it  fcems  cvide:it,  that  it  was  not  obfu- 
_5flwt/,nKj',  that  the  quick-filver  did,  upon  fuftion,  afcend  one  inch ;  for 

upon 
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tipon  the  fame  fcore  it  QUght  to  have  afoended  two, or^perhaps  more  inches;  J^jj^jjljvj* 
fince  there  was  no  danger,  that  by  fuch  an  afcent,.any  Vacuum  fliould  be 
produ€*d,  or  left  in  the  ihorter  leg  of  the  fiphon*.  But,  according  to 
our  hypotheds,  a  'clear  caufe  of  tlK  phenomenon  is  aflignable  :.£>r,  be- 
fore tne  fudlion  began,  there  was  an  equilibrium  between  the  weight 
of  the  fupcrior  quick-filver,  ui  the  longer  leg,  and  the  Ipring  of  the  com- 
prefs'd  air,  included  in  the  ihorter ;  but,  when  the  perfon  began  to 
fuck,  his  cheft  being  widenM,  fome  part  of  the  air,,  included  in  the. 
upper-part  of  the  Idnger  leg,  pafs'd  into  it,  and  what  remained,  had,  by 
that  expanHon,  its  prefTure  fo  weaken  d,  that  the  air,  in  the  Ihorter  leg, 
finding  no  longer  the  former  refiftance,  was  able,  by  its  own  fpring,  to 
expand  itfelf,  and,  confequently^  to  deprefs  the  contiguous  mercury,  in 
the  fame  (horter  leg,  and  i^ife  it^  as  much  in  the  longer. 

But  here  it  may  be  objected,  that  if  the  comprefs^d  air>  in  the  ihorter 
leg,  had  a  Q>ring  equivalent  to  the  weight  of  the  mercury  in  the  bnger 
Ifegj  why  is  not  the  mercury  fuck'd  up  in  thi»  inilrument,  as  well  as  in 
the  free  air ;  (kice,iicGording  to  me,  the  preifure  of  the  included  air,  upon 
the  fttbjacent  mercury,  muu  be  eqj.iivalent  to  the  weight  of  the  atmo- 
fphere  :  yet  experience  ihews,  that  the  weight  of  the  atmofphere  will, 
uponfuftion,  raife  quick-iilver  to  the  height  of  feverak  inches  i 

To  clear  this  difficulty,  and  ihew,  that  tis  not  infuperable,  let  us  conii* 
der,^  that  I  make,  indeed,  the  fpring  of  the  comprei^'d  air,  to  be  equi- 
valent to  the  weight  of  the  compreffing  mercury  ;  and,  I  have  a  manifeft 
teafim^to  do  it;  becaufe,  if  the  fpring  of  the  air  were  not  equivalent  to 
that  weight,  the  mercury  mull  neceflarily  compreis  the  air  further; which 
'tis  granted,  in  fadt*,  not  to  do.  But  then,  in  our  cafe,  there  ought  to  be 
a  great  difference  between  the  operation  of  the  fpring  of  the  included 
air,  and  the  weight  of  the  atmofphere,  after  fuftion  has  been  once  be- 
gun. For,  the  weight  of  the  atmofphere,  that  impels  up  mercury,  and 
other  fkiids,  when  luftion  is  made  in  the  open  air,  continues  ftiU-thc. 
fame;  but  the  force,  or  prefliu*e  of  the  included  air,  is  equal  to  the  coun- 
tcr-preflTureofthe  mercury,  no  longer  than  the  firft  moment  of.fuftion  ; 
after  which,  the  force  of  the  imprifon'd  air,  ftill,  gradually,  decrea- 
fes. ;  fince  this  comprell'ed  air,  being,  more  and  more,  expanded,  mufl 
needs  have  its  fpring  proportionably  weakened :  fo  that  'tis  no  wonder 
that  the  mercury  was  not  fuck'd  up  anymore  than  we  have  faid;  for 
there  was  nothing  to  make  it  afcend  to  a  greater  heijpht  than  that  at 
which  the  weakened  fpring  of  the  expandedair  was  brought  to  balance 
the  undiminiih^d,  and,  indeed,  fomewhat  increased  weight  of  the  mer- 
curial  cylinder,  in  the  longer  leg;  and.  the  preifure  of  the  cylinder  of 
air,  in  the  fame  legj.leiTen^d  by  the  aflion  of  him  who  fuck*d.  For,.,  when 
the  orifice  of  this  leg  flood  open,  the:  mercury  was  prefs*d  upon  hy^  a  cylin- 
der of  the  atmofpherical.  air,  equivalent  to  about  thirty  inches  of  quickr 
filver ;  but,  by  the  mouth  and  action  of  him  who  fuck  d,  the  tube  was. 
£reed.  from  the  external  air;,  and,  by  the  dilatation  of  hi^.  thorax,  the 
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T.tf*.  neighbouring  air,  chat  hatl  a  free  pafTage  through  hts  wind-pipe  to  i':, 

]?r^^  was  proportionably  expanded,  and  had  irs  ^ring  and  prefiiire  weaken'd ; 
by  which  means,  the  comprcfs'd  air  in  the  morter  leg  of  the  fiphon,  was 
enabled  to  impel  up  tlie  mercury,  till  the  equilibrium  was  atrain'd. 
And,  I  muft  here  talce  notice,  that,  as  the  quick-lllver  was  rais'd  by  fu- 
sion buta  little  way,  fo  the  cylindei"  raisM,  was  a  veny  long  one  ;  where- 
as when  the  mercury  is  fuck  d  up  in  the  free  air,  it  is  feldom  rais'd  to 
halfthac length;  tho',  as  I  noted  before,  the  impellent  caufe,  which  is  the 
weight  of  the  atmofphere,  continued  ftill  the  lame  :  but,  in  our  fiphon, 
whni  the  mercury  was  I'uck'd  up  only  an  inch,  tlie  comprefs'd  air,  pof- 
fcfling  double  the  fpacc  it  did  before,  had,  by  this  cxpanfion,  already 
loft  a  very  confiderable  pare  of  its  former  fpring  and  prefiure. 

Among  the  more  familiar  phenomena  of  the  air-pump,  none  leaves  Co 
ercat  a  Icruplc,  in  the  minds  of  fome  fort  of  men,  as  chat,  when  one's 
linger  is  laid  dofc  upon  the  oriKce  of  the  little  pipe,  by  which  the  air  paf- 
fcs  frrm  the  receiver  into  the  exhaufled  cylinder,  the  pulp  of  the  fii^r 
is  made  to  enter,  conliderably,  into  the  cavity  of  tiie  pipe ;  which  doth  not 
happen  without  a  moderate  fenfe  of  pain  in  the  lower  parr  of  the  finger  : 
for  moft  of  thofe  who  are  ftrangers  to  hydroftatics,  pcrfuadc  themfclvcs, 
that  they  feel  this  painful  piotubcrance  of  the  pulp  of  the  finger,  to  be 
effr<5ted  not  by  prefliire,  but  diftin^yby  attraftion. 

To  this,  we  anfwer,  that  common  air  bein"  a  body  not  defli- 
.  tute  of  weight,  the  phenomenon  is  clearly  explicable  by  tlie  preffurc  of  it; 
■for,  when  the  finger  is  fii"ft  laid  uponthcorifice  of  the  pipe,  no  pain,  nor 
fwelhng  is  produced  ;  becaufe  the  air,  which  is  in  the  pipe,  prefles  as  well 
againft  that  part  of  the  finger  which  coven  the  orifice,  as  the  ambient  air 
doth  agnJnft  the  other  parts  of  the  fame  finger.  But  when,  by  pumping, 
the  air  in.  the  pipe  is  made  to  pafs  out  of  that,  into  the  exhaufted  cylin- 
der, there  is  nodiing  left  in  the  pipe,  whofe  prelfurc  can  any  thing  near 
.balance  the  undiminifti'd  prelTure  of  the  external  air,  on  the  other  parts  of 
-the  finger  ;  and,  confequently,  that  airchrufts  the  moft  yielding  and  flefliy 
part  of  the  fin.^er  into  the  place  where  its  prclVure  is  unrefifted  ;  that  is, 
into  the  cavity  of  the  pipe,  where  this  forcible  iiitrufion  caufeth  pain. 

To  illuftratc  this,  wc  took  a  glafs  pipe,  of  a  convenient  length,  open 
at'bolh  ends,  whole  cavity  was  near  an  inch  in  diameter.  To  one  end  of 
this  pipe,  we  caus'd  to  be  firmly  tied,  a  piece  of  very  fine  bladder,  that 
had  been  oil'd,  to  make  it  both  very  limber,  r,nd  unapt  to  admit  water  i 
and  care  was  taken,  that  the  piece  of  b!acidi.'V,  tied  on,  (hould  be  large 
■enough,  not  only  to  cover  the  orifice,  but  to  hang  loofe,  fomewhat  be- 
neath It.  This  done,  we  put  the  covei'd  end  of  the  pipe  into  a  tall  glafs- 
body;  and  the  pipe  being-held  fo,  thit  the  end  of  i:  rcach'd,  almoft,  to 
the  bottom  of  tiie  glafs,  we  caiis'd  water  to  be  poiu'd,  both  into  this  vel- 
■fe!,  and  into  the  pipe,  fit  its  upper  orifice,  which  was  Icf:  open,  that  the 
water  miglit  alccnd,  equally,  both  without  and  within  fide  of  it.  And 
when  the  glafs-body  was  full. of  water,  and  the  fame  iKjuor  level  to  it. 


^  Nature  4f  SuiHm  t9$lahed.  iyi^ 

^-<>r  a  little  higher  within  the  pipe»  the  bladder  at  the  lower  orifice  Was  ^svicjLyie». 
iept  pJump  \  becaufe  the  water,  within  the  pipe,  did,  by  its  we^ht,  prefs  *  ^"^^^ 
as  forcibly  downwards,  as  the  external  water,  in  the  large  glals,  endea- 
voured to  prefs  it  inwards  and  upwards.  Then  we  caus'd  part  of  die 
water  in  the  pipe,  to  be  taken  out  of  it,  by  a  piece  of  fpunge,  or  by  fuAion 
-with  a  fmailer  pipe;  upon  which,  the  water  remaining  in  the  pipe,  being 
no  longer  able,  thro'  want  of  weight,  to  prefs  againft  the  infide  of  the 
.bladder,  near  fo  forcibly  as  it  did  before ;  the  external  water,  whole 
weight  was  not  lefTen'd,  prefs'd  the  fides  and  bottom  of  the  bladder, 
whereto  it  was  contiguous,  into  the  cavity  of  the  pipe,  and  thruft  it  up 
therein  fo  ftrongly,  that  the  diftended  bladder  made  a  kind  of  hemifphere 
'within  the  pipe.  Here,  then,  we  have  a  protuberance,  like  that  abore- 
'  mentioned  of  the  finger,  efleftcd  by  pulfion,  not  attraftion  j  and,  in  a  cafe 
where  there  can  be  no  juft  pretence  for  having  recourfe  to  nature's  abhor- 
rence of  a  vacuum;  fince  the  upper  orifice  of  the  pipe  being  left  wide  open, 
the  air  might,  freely,  pafs  in  and  out. 

The  like  fwelling  oF  the  bladder,  *  we  could  procure,  without  taking 
out  any  of  the  internal  liquor,  by  plunging  the  pipe  deeper  into  the  wa- 
ter ;  for  then  the  external  liquor  having,  by  its  increafe  of  depth,  a  greater 
preflfure  on  the  outfide  of  the  bladder,  than  the  internal  liquor  had  on 
the  infide  of  it,  the  bladder  muft  yield  to  the  ftronger  prefTure,  and  con- 
iTequently  be  impellM  up. 

if  the  bladder,  lying  loofe  at  the  lower-end  of  the  pipe,  the  upper-end 

•  were  carefully  clofcd,  that  the  air  might  not  get  out ;  and  if  the  pipe,  thus 

■  clofed,  were  thruft,  almoft,  to  the  bottom  of  the  water,  the  bladder 

Avould  not  be  protuberant  inwards,  as  formerly ;  becaufe  the  included  air, 

by  virtweof  its  fpring,  refifted,  from  within,  the  preflfure  of  the  external 

water  againft  the  outfide  of  the  bladder.    But  the  upper  orifice  of  the  pipe 

,  being  unftopp'd,  the  air,    before  comprefs'd,  having  liberty  to  expand 

itfelf,  and  its  elafticity  being  weakened  thereby;  the  external  water  would, 

-Suddenly,  with  noife,  drive  up  the  bladder -into  the  cavity  of  the  pipe,  and 

there  keep  it  very  protuberant. 

To  obviate  an  objeftion,  ithat  might  be  brought,  thro'  want  of  skill  in 
hydroftatics,  I  caus'd  fuch  a  pipe,  as  the  former,  to  be  fo  bent,  near  the 
lower-end,  that  tlie  orifice  of  it  ftood  quite  on  one  fide,  in  a  right  angle. 
This  lower  orifice  being  fitted'  with  a  bladder,  and  the  pipe,  with  its 
contained  liquor,  being  thruft  under  water,  after  the  former  manner  ;  the 
lateral  preflure  of  the  water  forgM  the  bladder  into  the  fhort  horizontal 
leg,  and  made  it  protuberant  there,  as  it  had  done  wiien  the  pipe  was 
flrcight. 

Laftly,    that  the   experiment  might   not  appear    confin'd  to  one  li- 

.quor;  inftead  of  water,  we  put  into  the  ftreigh:  pipe,  as  much  red- wine 

as  was  requilitc  to  keep  the  bladder  bulgini^,  when  near  the  bottom  of 

the  water;  and  f hen  fuw  the  lupcrricies  of  tiie  red  liquor,  in  the  pipe, 

•was  much  higher  than  that  of  the  external  water  :  and,  if  the  depth  of 

both 
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jpyg'-bcdt  liquors,  were  proponionably  Icffen'd,  the  diflercnce  of  he^ht  bcturlxc 

^^^^  the  two  furfitces,  would,  indeed,  as  it  ought,  decrcale  ;  bur  ftill  rhe  fur- 
iaoc  of  the  wine  would  bu  tlic  Kigher  of  tlie  two  ;  bccaule,  being  lighter 
in  fpecic,  than  common  water,  the  equilibrium  between  tlie  preffures 
of  the  two  liquors,  upon  the  bladder,  would  not  be  maintain'd,  unlcls  a 

*  greater  height  of  wine  fupply'd  its  want  of  rpecific  gravity.      And,  if  the 

pipe  were  thruft  deeper  into  the  water,  the  bladder  would  be  made  pro- 
tuberant inwards,  as  when  it  contaJn'd  water.  'Tis,  therefore,  evident, 
chat  thefe  phenomena,  without   rccourfe  to  atlraftion,  may  bcexplain'a 

■  barely  from  the  equilibrium  of  liquors. 


The  End  of  the  Second  Volume. 
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